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Preface

Dusty fluids are important due to their involvement and application in the
environmental sciences, engineering and physical sciences. Examples of such fluids
in different fields are fallouts of pollutants in air, mixture of micro molecules of fibers
exclusions in paper making, ignition and impulsion in rockets, polluted water, many
juice products with pulp, paints with different suspensions, impurified crude oil etc.
Many industries also utilize peristaltic pumps at different situations while processing
and dealing with such fluids. This dissertation focuses on the flow of dusty fluid
flowing through different geometries such as symmetric channel, asymmetric channel,
curved channel and tube. These channels are considered to be exhibiting peristaltic
manner. Different body forces like MHD and porosity have been added to the
momentum equation, to study the dusty fluid impact in different situations. Heat
transfer analysis has also been investigated. A system of coupled equations for both
fluid and solid particles are derived for each case. These equations are non-linear in
nature thus stream function conversions have been taken into account. Different
boundary conditions such as slip condition, no slip condition, wall properties have
been employed for distinct situation. Regular perturbation technique has been
implemented to get the solutions. Graphical representation of the results is included

to demonstrate the solutions.

Chapter one includes the basic definitions, laws and dimensionless numbers that have
been used in this research. A brief literature review is also part of this chapter to give

an insight to the concept of peristalsis and the related researches that have been done.



Chapter two includes effect of wall properties on the dusty Walter’s B fluid model
flowing through a symmetric passage. The results of the coupled equations are
obtained by employing perturbation technique. The concluded outcomes are shown
graphically. Impact of parameters on velocity, streamline patterns and flow rate are
exhibited through graphs. This study can help researchers to understand the elastic
properties of paints, polymers and molten plastic. The results obtained in this study
are issued in the Journal of Brazilian Society of Mechanical Sciences and

Engineering (2018) 40:368.

Chapter three is about the second-grade dusty fluid flowing through an asymmetric
porous channel. The coupled equations are modelled. Regular perturbation method
has been imposed to the system of equations to get the solutions. Streamline patterns
and pressure rise graphs are found to demonstrate the influence of distinct parameters.
Outcomes of this study are publication in the Journal of Porous Media (2020)

23(9):883.

Chapter four deals with the dusty Jeffrey fluid flowing past a symmetric passage under
the influence of wall properties. The wave number in this study has been taken small,
therefore the impact of both relaxation and retardation times are involved. In past, no
effort is made to study the Jeffrey fluid with retardation time. Regular perturbation
technique has been adopted to get the results for fluid and solid particles. Flow rate
streamline patterns and velocity graphs are included to show the impact of different
parameters. The results of this study are submitted in Arabian Journal for Science

and Engineering.

Chapter five is the extension of chapter two. The motivation of this study is to

investigate the MHD impact on the dusty Walter’s B fluid model flowing through an

vi



inclined asymmetric channel. The impact of heat transfer on such fluid has also been
examined. DSolver command in Mathematica has been used to get the results and has
been demonstrated graphically. Influence of distinct parameters on velocity and
pressure are shown through graphs. The results of research are published in Arabian

Journal for Science and Engineering 44(9), 7799 — 7808 (2019).

Chapter six is about the dusty second-grade fluid flowing past a tube. The tube is
considered to be symmetric. Coupled equations have been solved by using build-in
command DSolver in Mathematica. Influence of diverse parameters on the velocity,
pressure rise, pressure gradient and streamline patterns have been shown. The
outcomes of this research are published in Journal of Mechanical Engineering

Research 11(2), 11 — 25 (2020).

Chapter seven deals with the study of dusty fluid with variable density of dust
particles. Till date, no research study has been conducted in which the dust particles’
number density is varying or not a constant. This research is conducted to note the
behavior of dusty fluid with variable number density. The calculations of the coupled
equations have been demonstrated through graphs. Slip condition is imposed to the
boundaries to note down their behavior too. Streamline patterns and velocity graphs
are included to validate the influence of parameters on such fluid. This research is

accepted to be published in Arabian Journal for Science and Engineering (2020).

Chapter eight deals with the dusty fluid flowing through an endoscope. No effort has
been made till now, to observe the flow of dusty fluid in such situation. An initial
insight has been obtained by using long wavelength approximation. The obtained

results are illustrated through graphs. Velocity, pressure rise and streamline patterns

vii



graphs are included to show the effect of different parameters involved. This research

study is accepted for publication in SN Applied Sciences.

Chapter nine is about dusty second-grade fluid flowing through a curved asymmetric
channel. In previously available research articles, no attempt has been made to study
such fluid in a curved channel. This research can be helpful to know the behavior of
dusty fluid flowing through the curved channel as many glandular ducts, tubes are
curved in nature. The results are shown through graphs. Velocity and contour graphs
show the effect of involved parameters. The outcomes of this study are submitted in

Archive of Applied Mechanics.
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Chapter 1

Introduction

This chapter includes the basic definitions and concepts, fundamental laws,
mathematical models and non-dimensional numbers associated to the research
presented in this thesis. A comprehensive literature survey has been included to

provide a better understanding to the readers.

1.1 Peristalsis

Originated from the Greek word peristaltikos, the wave like motion forming
sinusoidal patterns, produced in the walls of tubes, channels, muscles or passages is
termed as peristalsis. These sinusoidal waves are produced naturally in the biological
systems. The blood flow through the veins, the esophagus, the ureters, small intestine
and many more systems within the living beings exhibit the peristaltic movement.
These successive waves result in the flow of the fluid or food in the desired direction.
This natural mechanism inspired engineers to develop the peristaltic pumps, finger
pumps and roller pumps. These pumps are extensively used in many industries e.g. oil
refineries, food manufacturing factories, paper industries, sewage treatment plants and
many other industries utilizes this mechanism. Many life-saving machines like

dialysis machine, heart-lung machine have peristaltic pumps fixed in them.

1.2 Pumping



Pumping is an important phenomenon in peristalsis. To analyze the pumping features,
the difference of time averaged flux with difference in pressure across one wavelength
is observed. For inertial free peristaltic flow, the linear relation between AP, (pressure
rise per wavelength) and fixed frame flux can be obtained by using the relation
between wave frame and fixed frame flux. The flow pumped by peristaltic waves can

also be measured by this relation.
1.3 Trapping

In a wave frame, a bolus can be defined as a volume of fluid enclosed by streamlines.
When a bolus is transported at the wave speed, then this phenomenon is termed as
trapping. The trapped bolus, as a whole move at the peristaitic wave speed as if
surrounded by the wave. Food bolus movement in gastrointestinal track and thrombus

formation in blood may be caused due to this physical phenomenon.

1.4 Dusty Fluid

Dusty fluid can be defined as a fluid having solid spherical particles suspended in it.
Infected urine, pollutant fall outs in the air, various paints having powder and glitters,

juices with pulp granules, impurified crude oil are few examples of such fluid.

1.5 Magnetohydrodynamic (MHD)

In fluid dynamics, the interaction of electromagnetic fluids and electrically conducting
fluids are said to be under MHD effects. The study of the motion of magnetic field in
the fluid is termed as magnetohydrodynamics (MHD). The set of Maxwell’s equations
connect the magnetic and electric field to their sources, current density and charge

density.



V.E="2, (Gauss’s Law of Electricity)

€o

V.B =0, (Gauss’s Law of Magnetism)
aB ,
VXE = P (Faraday’s Law)
VXB=pug]+ u€o g—f, (Ampere’s Law)

where

E is electric field, B is the magnetic field, J is current density, p, is volume charge

density, p, is permeability of free space, € is permittivity for fixed space.

1.6 Porous Media

A surface having pores in it is said to be porous medium or surface. Many materials
like soil, sand is porous as they allow air or fluid pass through them. In living beings,
lungs, gall bladder and small blood vessels are porous. Elshehawey et al. [1] were the

first who started work in porous medium with the fluid exhibiting peristaltic manner.

1.7 Dimensionless Numbers

The dimensionless numbers that are commonly studied in fluid mechanics and are

used in this dissertation are defined below.

1.7.1 Reynolds Number

Inertial force proportional to the viscous force is defined as Reynolds number. It is

denoted by Re.

Interial Force
e =
Viscous Force



Reynolds number helps to predict the nature of the flow. The flow of the fluid is
considered to be laminar if Re < 2400. If 2400 < Re < 4000, the flow is said to be

transitional while it is said to be turbulent if Re > 4000.

1.7.2 Prandtl Number

Prandtl number is proportion between the viscous diffusivity and thermal diffusivity.

It is signified by Pr.

_ viscous diffusivity
" = thermal diffusivity

1.7.3 Froude Number

It is the relation between the inertial forces and the gravitational forces. It is signified

by F..

interial forces

™~ gravitational forces’

Its significance is to analyze the nature of the flow where free surface is present.

1.7.4 Hartmann Number

Electromagnetic forces proportional to the viscous forces is defined as Hartmann

number. It is denoted by Ha or H.

electromagnetic force
Ha =

viscous force



1.8 Basic Equations

1.8.1 Law of Conservation of Mass

Antoine Laurent Lavoisier derived this law. This law states that mass quantity in a
closed system is neither formed or destroyed by physical transformation or any
chemical reaction. It means that the mass remains unchanged. Continuity equation is
the mathematical expression for this law. For the compressible fluids where p is not

constant, this equation is written as

dp
S V-GV =0, (1.1)

where V is the velocity of the fluid.
In case of incompressible fluids where p is a constant, continuity equation reduces to
V.V =0. (1.2)

The equation of continuity for the dust particles is

aN
=T +V.(V M =0, (1.3)

where N is the number density of the dust particles.

1.8.2 Law of Conservation of Momentum

Isaac Newton derived this fundamental law of physics. The momentum of a system
remains unchanged unless an external force act on it. Mathematically, this law is

expressed in equation of motion. For fluid, this equation is written as

1%
p (E + (V.V) V) = —VP + V.5 +pf, (1.4)



where S is the extra stress tensor and pf is the body force.

For the dust particles, the momentum equation is written as

v
mN (—b—ti + (VS.V)VS) =mNg + kN = V). (1.5)

In the above equation, the last terms represent the force due to the relative motion of
the fluid and solid particles. Solid particles mass is denoted by m, the acceleration due

to gravity is signified by g and Stokes’s resistance co-efficient is given by k.
1.9 Methodology

The fluids models that are investigated in this study have been obtained by using
Navier-Stokes equations. The coupled equations for 2-dimensional flows are non-
linear in nature. The convective part of the Navier-Stokes equations causes non-
linearity thus making the system of equations difficult to be solve. By taking stream
functions into account, number of independent variables can be reduced but the non-
linear nature of equations holds. Perturbation method can be applied to equations that
are non-linear in nature. This technique is used to get an approximate result of the
system of the equations. A small parameter is involved in this method that determines

the validity and accuracy of the solution.

To get the analytical and numerical results of the system of the equations, DSolver
and NDSolvers are build-in commands in Mathematica software are used. In this

study, few solutions of the models are obtained by undertaking these commands.

1.10 Literature Survey

The mechanism of peristalsis has impact on pumping, pressure, trapping, reflux and

the velocity of the fluid. The importance of peristalsis in both biological systems and



industrial applications have attracted many researchers and scientists to study it in
different situations. Latham [2] was perhaps the primary researcher who
experimentally investigated the peristaltic movement. Burn and Parkes [3] adopted
the perturbation method to present the analytic solution of the problem by using small
amplitude ratio. Fung and Yin [4] used the laboratory frame of reference for
mathematical modelling of peristaltic flow. Shapiro et al. [5] relaxed the small
amplitude approximation by using infinite wavelength approximation. Yin and Fung
(6] verified experimentally that finite Reynolds number and finite wavelength is valid
approximation. Newtonian fluid with peristaltic movement was investigated by
Barton and Raynor [7], in flexible tubes. A bioengineering model of peristaltic fluid
was suggested by Lykoudis [8]. Lew et al. [9] presented a study compromising of
mathematical model of peristaltic activity of chyme. Tong and Vawter [10] studied
the behavior of peristaltic pumping by applying finite difference method. Li [11]
studied the peristaltic pumping under long wavelength approximation. He considered
the geometry as cylindrical tube. The Poiseuille flow of the peristaltic transport of the
fluid was studied by Mittra and Prasad [12]. Liron [13] examined the efficiency of
peristaltic motion of the fluids in a living body. The impact of wall curvature on the
peristaltic pumping was studied by Jaffrin [14]. He also investigated the inertial effects
on it. The influence of peristalsis on the non-uniform tubes was studied by Gupta and
Seshadri [15]. Vishnyakov et al. [16] studied the viscoplastic fluid exhibiting the
peristaltic manner. The axial and gradient pressures were discussed in their article.
Manero et al. [17] experimented the peristaltic motion of the fluid flowing past
oscillating pipes. This study includes the investigations based on distinct values of
amplitudes and frequencies of oscillation. In 1983, Srivastava et al. [18] considered

physiological fluids exhibiting peristaltic motion under long wavelength and low



Reynolds number assumption. They further assumed the viscosity is variable. Bohme
and Friedrich [19] presented their study with inertial free viscoelastic fluid flowing
through a duct whose walls were exhibiting the peristaltic motion. Two-layered fluid
flowing through a non-uniform tube was examined by Srivastava and Srivastava [20].
Takabatake and Ayukawa [21] studied the peristaltic flow numerically by using finite
difference technique. Pozrikidis [22] presented the streamline patterns of distinct
parameters like channel width, amplitude of the wave, phase difference in his study.
Considering the walls of the tubes to be induced by peristaltic waves, Li and Brasseur
[23] examined pressure and shear stress of unsteady fluid. Provost and Schwarz [24]
studied the flow of fluid through axisymmetric tube. Later, Siddiqui and Schwarz [25]
observed the peristaltic movement of the fluid flowing through a tube up to second
order. This article discusses pressure gradient and streamline patterns of the fluid for

different parameters. Few more studies in this context are [26 — 36].

The study of peristaltic transport in the existence of magnetic field has a vital role in
connection to various problems involving the movement of conductive physiological
fluid for example blood and saline. Krzeminski et al. [37] carried out a study to
examine the impact of MHD on the fluid. Streamline graphs described the
consequences of various parameters involved. Later, Afifi and Gad [38] considered
the MHD impact on the fluid flowing through a porous channel. Mekheimer and Al-
Arabi [39] considered planer porous passage and performed their study to check the
impact of MHD on the fluid. In another study, Mekheimer [40] investigated the
influence of MHD on the fluid flowing through a channel that was inclined. Few

relevant studies are [41 — 49].

The exchange of thermal energy between physical systems, their generation, use and

conversion is termed as heat transfer. Many industrial systems utilize heat transfer

8



along with peristalsis, thus attracting researchers to investigate its influence in
different situations. Vajravelu et al. [S0] studied the heat transfer impact on the fluid.
The geometry considered in this study was a vertical annulus. Heat transfer
examination in a curved passage was surveyed by Ali et al. [S1]. Srinivas and
Kothandapani [52] explored the heat and mass transfer of the fluid by assuming a
symmetric porous passage. With the slip on the boundaries, the heat transfer impact
on the peristaltic flow of the fluid was studied by Hayat et al. [53]. For the fluid
flowing through a rectangular duct, heat and mass transfer was investigated by Ellahi
et al. [54]. For an asymmetric passage, Sinha et al. [55] performed a study that
investigates the MHD impact as well as heat transfer. Few related studies are [56 —

65].

When the flow of the molecules at the boundaries of the channel have no stationary
motion then this phenomenon is referred as slip condition. Makinde and Reddy [66]
studied impact of slip on the fluid flowing through a porous medium. Ebaid and Aly
[67] observed the slip effects on the peristaltic nanofluids. Hayat et al. [68] considered
the passage to be porous and surveyed the slip condition on the boundaries.
Considering Jeffrey fluid flowing through a rectangular duct, the slip condition was
studied by Ellahi and Hussain [69]. Fractional Burger’s model was implemented on
viscoelastic fluid to examine the slip impact on it by Tripathi et al. [70]. EI-Shehawy
et al. [71] studied Maxwell fluid model with slip condition. Nadeem and Akram [72]
considered MHD Jeffrey fluid flowing past an asymmetric passage to examine the slip

conditions on it. Hayat and Mahmood [73] examined the slip condition on third grade

fluid.

In supra discussion the wall is presumed flexible but infact the wall become excited

by smooth muscle contraction which controls its deformation. Therefore, walls are

9



elastic in nature. Mitra and Prasad [74] were first to study wall properties impact on
the peristaltic flow of the fluid. Hayat and Hina [75] studied the MHD Maxwell fluid
under wall properties effect. Srinivas et al. [76] examined the impression of wall
properties on the fluid under MHD effect flowing through a symmetric channel. Hayat
et al. [77] explored the consequences of wall properties on third grade fluid. The
geometry undertaken in this study was a curved channel. They deduced that the
velocity profile was not symmetric about the central line. Shahzadi et al. [78]
examined the variable viscosity impact on the peristaltic flow of the fluid under the
influence of wall properties. Hina et al. [79] presented a study on pseudoplastic fluid.
This study includes the impact of wall properties on such fluid flowing past a curved
channel. Hayat et al. [80] discussed the effect of wall properties on the viscous fluid.
Micropolar fluid and effects of wall properties on it was examined by Muthu et al.

[81].

In 1962, Saffman [82] introduced the system of coupled equations to investigate the
flow of the dusty fluid in different situations. Later Nayfeh [83] continued this study
and examined the flow of dusty fluid in a rigid pipe. The flow of dusty fluid flowing
pasta narrow passage was first studied by Charya [84]. The effects of the dust particles
on the fluid velocity and pressure were discussed in his article. Srinivasacharya et al.
[85] observed the wall properties impact on the dusty fluid exhibiting peristaltic
behavior. By considering a flexible passage, Kumar et al. [86] examined peristaltic
dusty fluid flowing through it. Ramamurthy and Rao [87] performed a study on dusty
fluid by considering the Reynolds number to be large. The effect of MHD on dusty
fluid was studied by Rathod and Kulkarni [88]. The impact of chemical reaction on
dusty fluid was investigated by Muthuraj et al. [89]. They also deduced the results of

heat and mass transfer. Hayat et al. [90] studied the radiative and Joule heating impact
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on dusty fluid. Thermal radiation effects on viscoelastic dusty fluid was surveyed by
Bhatti et al. [91]. Madhura and Uma [92] studied dusty fluid flowing through a porous
passage. By considering a rectangular passage with dusty fluid flowing through it,
Gireesha et al. [93] presented this study. Ramesh et al. [94] studied dusty fluid flowing

through circular cylinders. In the same aspect, few recent studies are [95 — 101].
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Chapter 2

Influence of Wall Properties on the
Peristaltic Flow of a Dusty Walter’s B
Fluid

This chapter explores the impact of wall properties on the Walter’s B fluid with fine
solid particles in a uniform channel. Travelling sinusoidal wave is imposed on the
channel walls which induces peristaltic motion in the fluid. A regular series is
employed to obtain analytic solution by taking small wave number. The phenomenon
is modeled in the form of stream function for both fluid and solid particles. Impact of
pertinent parameters such as viscoelastic parameter k, wave number &, the elastic
tension i.e. rigidity of the wall (E;), the mass characterizing parameter i.e. stiffness of
the wall (E) and the damping nature of the wall (E3) are discussed through graphs for
both fluid and dust particles. It is observed that the size of the trapped bolus increases
on the right-hand side of the channel for both fluid and solid particles by increasing
viscoelastic parameter. The flow rate of fluid particles surges by increasing

viscoelastic parameter while it declines for solid particles.

2.1 Problem Formulation

Consider two-dimensional unsteady Walter’s B fluid having fine dust particles whose
number density N is assumed to be constant through a symmetric channel. In the

coordinate system x-axis is along the walls and y-axis is perpendicular to it. See Fig.

2.1.
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Figure 2.1: Depicts the geometry of the peristaltic transport of channel walls.

The channel wall equation is given by
= 2m
y=17(X,f)=d+asin-A—(X—cD, 2.1

where a is the amplitude of the wave, d half width of the channel, ¢ the time, ¢ the

wave velocity and A the wavelength.

The equation of motion for fluid and solid particles can be written as

For Fluid

v.V=0, (2.2)
d _ _ _ _

d_tV =Vp+V.S+ kN —-V). (2.3)

For Solid particles

V.i,=0, (2.4)
Ly =tw-v 25
Pl Ul O (2.5)

V and ¥ represent the fluid velocity and solid particles, p the density and § the extra

stress tensor. The mass of dust granules is m, k is the resistance co-efficient and N is

13



number density of solid particles, assumed to be a constant here. The constitutive

relation of Walter’s B fluid model is defined as

§ = 2aye — 2ky 2 (2.6)
= 2aye 0D .

De de _ _ _

=2 =2 LV Ve — eV — (VI)Te, 2.7

Dt = 3t +V.Ve—eVWV —(VW)'e (2.7)

where e is rate of stress tensor and a, (limiting viscosity of shear stress) and k (short

memory co-efficient) are expressed as below

ay = wa(r) dr, (2.8)
0

ko = f 10(1)d1, (2.9)
0
where the relaxation time is denoted by 7 and O(t) is the distribution function.
f t"0(7)dT,n = 2. (2.10)
0

The governing equations in the form of component for fluid and solid particles are

LA 2.11

ax  dy (211)
a a o Op Sy Sy

p(at+u5;+vay)u———g+ Ix + 3y + kN(u; — u), (2.12)
o a2 @ dp 0S., S,

p(at+uax+va)v——5 E—+W'f-kN(US—U), (2.13)

where

Sxx = @o(41y) — ko (4uye + 4uttyy + 4V, — 8u2 — dvyuy, — 402), (2.14)
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Sxy = ao(2uy +2vy)

— ko(2uy; + 20y + 2ullyy + 2UVy, + 20Uy, + 20Dy, — 6U U,

= 2uy v, — 2U Uy — 6, Dy), (2.15)
Syy = ao(4vy) — ko(4vy, + 4uvyy, + 4vv,, — 4ul — 4v,u, — 8v2). (2.16)
For the dust particles

dus 0v;

S LS _ 2.17
0x + dy 0, ( )
dug dug ous, k

=—(u- 2.18
ot + s ox + s dy m(u us), (218)
dvg dvg v, k
S —_ — = —(y-v.). 2.19
at + u’S ax + vS ay m (v US) ( )

For flexible wall, the ruling equation of motion is

L(m) = p - po, (2.20)

here L represent the movement of the stretched membrane with damping forces and it

is defined as

L= g2 w88 2.21
=gt Mar Tl (2.21)

where T is tension, m' is mass per unit area, C is damping force co-efficient, p,

pressure on the external wall.

It is considered that the walls of the passage are inextensible and p, = 0, thus the

horizontal displacement of the wall is zero. The no-slip boundary conditions are

u=90, us =0, aty = +n, (2.22)
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P 0Syx  0Sxy (au ou 6u)
- Py _ o) 4 kN — ).
ax ot = (ax toy ) P\Gr et Vay) THN s — W

at y = 17§ (2.23)

Let us define the following stream functions and non-dimensional parameters

u= alp U=—elp— u =a_¢ v=—92 _=X
3y’ ax' STy BT YTa
V) @ _x _ d?*p . d?
= — = — =-, = , S = ,
v v, Ty AT P apgAc aovsz
;=L 522 k= 2.24
=2 625 k=t (224)

The compatibility equations for the fluid and the dust particles after using the

transformation and dropping the bar become

o (9% +0¢ 0% oYty L5220 2¢+0¢62¢ aP 0%y
dy\0tdy 0y dxdy dx dy? ax dotdx 0y 0x* 0dx 0xdy

92 92 a2
— 2
= 5axay (Sxx - Syy) + (a—yz ) W) Sxy

+A(Vip — Vi), (2.25)

dp _,
2 2
5[6tv qo+——-ayV1qo —v ] B[ V&y — V3¢, (2.26)

d

where V3= (6 Z—4 —2) is the non-dimensional operator and 4 = NT and B = ':nv

are non-dimensional parameters.
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%Y

Sax = 46 dxdy
9° oy 83 oy o3 9%y \*
_eer|al Y WOV W OY (0¥
dxdyadt dy dx?%0y 0x 0xdy 0xady
arpary  ,(a%Y\’
— -— 2.27
dy? dx? 40 axz/ | (2.27)
R 0%
Sxy = (Z’W— 262?)
a3 a3 oy a3 a3
— Kk [262 v - 268 v 6—1/) L4 —263£——%-
otdxdy otdx? dy d0xdy? dy dx
oY ad oy 03 a2y 02
25TV 9 W IV 5OV Y
dx dy3 0x dx?0y dx3y dy?
azlp aZw
- 463 — , 2.28
o dx? 6x6y] (2.28)
%Y
Syy = 46——axay
a3 ay a3 ay a3 a2
— K 462 v__ 62—¢—¢ 462—¢ v -4 L4
dtdxdy dy dx?dy dx dxdy? ay?
62 aZ aZ
_I/J_llJ_ _g5z 2V . (2.29)
dx? dy? 0xady
The geometry of the walls in the non-dimensional form is
y = 11 = +(1 + esin2n(x — t)), (2.30)
The non-dimensional form of the boundary conditions is
oy do
E - 0; 5 - 0; aty - in; (2.31)
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00 _ [0 WOy 0 9%y [dp 0y
Loy dtdy dydxdx dxdyady dy dy

a3 a3 92
= E , ty=+n. 2.32
[E1 o3 T g T 6x6t] nooaty =z (2.32)
4 a2
where E; = :‘ip is tension membrane parameter, E, = — " is mass characterizing
0

apddp

a2 . .
parameter and E3 = ﬁ; signifies the damping parameter.
0

2.2 Method of Solution

The perturbation technique for small geometric parameter (§ <« 1) is used to get the

solution.

Y=o + 6y +62¢z+--~}
. 2.33

¢ = Qo+ 8p1+ 8%, + - (233)
2.2.1 Zeroth Order System

0’ 029, 9%y

a—yz(s(,xy) +A (a_yz =% ) =0, (2.34)

%Py 929,
B ——1= :
( ay?  ay? ) 0 (235
where
%Yo

Soxy = Za—yz, (2.36)
with
0Py _ 9 _

3y = O'W =0, at y=12n, (2.37)
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3 62

a3¢o o _ Y,

63
- . aty=+n. (238
a3 4oy 6y] [E16x3+E26x6t2+E36x6tn aty = . (238)

2.2.2 First Order System

i(az% 9o 8%y 3o 02%)

dy\otdy = dy dxdy ox 0y?
92 92 62(p1 azllh
"~ oxdy (Soxx = Soyy) +a_y2(51xy) +A(ay2 ~ ey ) (2.39)
Oy _9°01)_ 070 | 390 0700 _ 39039 (2.40)
oy?  0dy? dtdy? = dy dxdy? dx dy3’ :
where
Soe = 0 (2.41)
0%\’
Sy = ¥ [4< dy? ) ’ (2.42)
%Py [ 9o %o 0Pe 0%y, 0% 020
=257 - - 2.4
S1xy ayz K[Z 3y axayz 2 % ay3 4axay ayz , ( 3)
with
Y, a4
. 991 _ . |
dy 0 dy 0, aty = 1n, (2.44)

a3¢1+A d¢, a¢1] _621p0 0y azwo_all’o 01y

- - . |
ay3 dy 9y dtdy = dy dxdy ox dy?’ aty = +n. (2.45)

2.2.3 Second Order System
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dy\dtdy = dy dxdy

62

0 (0%, 9P, 0%y, + 0o 0%1  0Y1 0Py 03 0%y
dy 0x0y

dox dy? Ox 6y2)

aZ 62
m (Slxx - Slyy) + a_yz (Szxy) - ﬁ (SOx'y)
a2 a2 02 02
+al(Z22 4 280 tbzz + 1/;0 :
dy 0x dy d0x

(2.46)

B az¢2+az¢o _ 62<p2+62q)0
dy? = 0x? dy? = dx?
_0%p 091 B3¢y 09 B3¢, 891 8°p, 9,039,
T dtdy? 9y 0xdy?  0dy dxdy? odx dy3 9x dy3’
(2.47)
where
R Y
=4—— 48
S1xx 4axay + 8k <6x6y> ’ (2.48)
%o 0% 9%y
= - 2.4
Siyy = 8K dy? 0x2 dxdy’ (249
%Y, 8%y
Sny = (2 ayz -2 FP )
—xlo 0Py 3%y, 2 0o %Yy 5 0o 0%y 5 0, 8%y,
dy dxdy? dy 0xdy? dx dy3 ox 0y3
0%y 0%,
Oxdy dy?
0%, 9%,
- ‘I-axaya_y2 ) (2.50)
with boundary conditions
0y, 09, _
Fy— = 0'_67 =0, aty = +n, (2.51)
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°Y, %P, +A(6(p2_61/)2)

dy3 + dydx? dy dy

_ (9% | 9o 0%y 4 0Py 0%y o 8%y Yy 621/;0)
“\atax = dy oxdy 9y dxdy odx dy? dx dy? )

aty = +n. (2.52)

The solutions are obtained by using the DSolver in Mathematica and are illustrated

through graphs.
2.3 Results and Discussion

This portion includes the discussion on the impact of different parameters on the fluid
and solid particles. The rigidity of the wall that rely on the wall tension is given by E;
and E, denotes the stiffness of the wall. E; is dissipative nature of the wall i.e. the
elasticity is determined by it. The viscoelastic property of the fluid is symbolized by
k while the wave number is denoted by §. Figs. 2.2 — 2.4 show the velocity graphs of
the fluid. Figs. 2.5 — 2.9 depict the consequences of various parameters on the flow
rate of fluid. Figs. 2.10 — 2.14 are the contour graphs of viscoelastic parameter, wave
number and wall parameters in the fluid. Figs. 2.15 — 2.17 portray the effects of
different parameters on the velocity of solid particles. Figs. 2.18 — 2.22 render the
influence of different parameters on the flow rate of the solid particles. Figs. 2.23 —

2.27 represent the contour graphs of the fine solid particles.

Fig. 2.2 describes the effects of E;, E, and E; on the velocity of the fluid. It can be
clearly observed that the increase in the parameters also increases the velocity of the
fluid. It can be observed from Fig. 2.3 that there is slight growth in the fluid velocity
with the increase in the wave number &. The parameter k has significant impact on

the velocity of the fluid. It can be perceived from Fig. 2.4 that the fluid velocity
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intensifies with the increase in k. Figs. 2.5 — 2.7 depict that by increasing the values
of E;, E, and Ej, the fluid’s flow rate rises too. The impact of § on the fluid’s flow
rate can be detected in Fig. 2.8. The flow rate strengthens with the increase in wave
number. Fig. 2.9 points out that when « is increased, the flow rate of the fluid particles
is reduced. Fig. 2.10 shows the behavior of trapped bolus under the different values
of 4. Fig. 2.11 shows that the trapped bolus expands as the viscoelastic parameter
increases. Figs. 2.12 — 2.14 show that the boluses expand in the channel’s right side

as the values of wall properties are enhanced.

The impact of different parameters on the velocity of the solid particles can be seen in
Fig. 2.15. The rise in the tension parameter (E,), the mass parameter (E,) and the
damping parameter (E;) also increase the velocity of the solid particles. Fig. 2.16 show
that there is growth in the velocity of the solid particles as & is increased. Fig. 2.17
shows that as k is increased the velocity of the dust particles is also increased. Figs.
2.18 and 2.19 show that the flow rate of the dust particles is enhanced as E; and E,
are increased. There is slight decrease in the flow rate of the solid particles as we
increase the values of E;. It can be seen in Fig. 2.20. The consequences of § on the
flow rate of the dust particles can be seen in Fig. 2.21. The magnitude of trapping
bolus increases as § is increased. Fig. 2.22 reveals that the flow rate of the solid
particles decreases as the viscoelastic parameter « changes. Fig. 2.23 shows that the
trapped bolus expands on the right side of the passage as the viscoelastic parameter
(k) increases while it compresses on the left side of the passage. Fig. 2.24 depicts that
with the increase in & the trapped bolus increases too. Figs. 2.25 — 2.27 show that the
wall parameters are expanding the size of the bolus. Fig. 2.28 depicts the comparison
of the flow rate for E; between the present work and the previously published work
by Srinivasacharya et. al. [85].
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2.4 Graphs

For Fluid
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Figure 2.2: Influence of E;, E; and E;on velocity with A=1,B=1,6=0.01,e=0.1, k=
0.1.
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Figure 2.3: Influence of § on velocity with € = 0.1, E> = 0.01, A=0.5, E3 =0.01,

B=0.1, k=0.01, £, =0.01.
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Figure 2.4: Influence of k on velocity with £, =0.5, £;=0.5,A=1,B=1, E;3=0.5,

€=0.1,6 =0.01.

Flowrate

Figure 2.5: Influence of E; on the flow rate with E;=0.35,B =1, E3=0.25,A=
0.1,8=0.01 and k= 0.9.
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Flowrate

Figure 2.6: Influence of E; on the flow rate with £; =0.35, B = 0.1, E3=0.25, A=
0.1,6=0.01 and k =0.9.
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Figure 2.7: Influence of E3 on the flow rate with E; =0.35, B=0.1, E;=0.25, A=
0.1,6=0.01 and k =0.9.

25



1200 _ | 6-0.01

S 5=0.02 ]
s ¥ a8
- /,
é 60 /’,

Figure 2.8: Influence of § on the flow rate with £, =0.35, B = 0.1, E; = 0.25, A=
0.1, E3=0.15and k = 0.9.

Flowrate

Figure 2.9: Influence of k on the flow rate with £, =0.35, B = 0.1, E;=0.25, A=
0.1,E3=0.15and 6 =0.01.
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Figure 2.10: Influence of § on contour patterns with £, =0.1, B = 2, E;=0.25, E3 =

04,A=2,¢=0.01 and k =0.1.
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Figure 2.11: Influence of x on contour patterns with £, =0.1, B = 2, E;=0.25, E3 =

0.4,4=2,¢=0.01,6 = 0.01.
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Figure 2.12: Influence of E; on contour patterns with E, = 0.25,E; = 0.4,

A=2,B=2,6=0.016=0.01,x=1.
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Figure 2.13: Influence of E; on contour patterns with E; = 0.5, E; = 0.4,

A=2,B=2,6=0.016 =001,k =1.
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Figure 2.14: Influence of E3 on contour patterns with E; = 0.5, E, = 0.35,

A=2,R=2,6=0.01,6 =001,k = 1.
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Graphs of Solid Particles

JB R T T T 177

0.8} -
0-6 ~ J
-~
L - -~
- ‘-
¢ ” ~
» L. ’ ~ D 4
s 04 , N
[ /’ ~ N
’ A
/ \
0.2 —— E4=0.1.6,=0.1,E3=0 1 )
=== E-02.6,-02E-02 1
------- E1=0.3,.5,=0.3,63=0.3 1
0.0} )
T A L i A i A i A i
-1.0 -0.5 0.0 0.5 1.0
y

Figure 2.15: Influence of E;, E> and E3on velocity withd=0.01,A=1,B=1,¢=

0.01 and k =0.1.
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Figure 2.16: Influence of J on velocity with £, =0.5, E2=0.5,A=1, B=1, E3=0.5,

€=0.01 and k = 0.01.
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Figure 2.17: Influence of k on velocity with E; =1, E> = 1, A=0.1,B=1,E3=1,

€=0.1and & =0.01.
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Figure 2.18: Influence of E; on flow rate with E;=0.25, E3=0.35,A=0.1, B= 1,6
=0.01 and k= 0.9.
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Figure 2.19: Influence of E> on the flow rate with £; = 0.25, E3=0.35, A= 0.1,

B=1,6=0.01 and k =0.9.
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Figure 2.20: Influence of £; on the flow rate with E; =1, E;=1,4=1, B=1,

6=0.01 and Kk =0.9.
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Figure 2.21: Influence of § on the flow rate with £, =0.25, B = 0.1, k2= 0.35,4=
0.1, E3=0.15and k=0.9.
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Figure 2.22: Influence of k on the flow rate with E; = 1.25, B = |, E,=1,A=3,

E;=1and §=0.1.
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Figure 2.24: Influence of § on the contour patterns with E; =0.1, £E2=0.25, E3 =
05,A=2,B=2,¢=0.01 and k = 0.05.
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Figure 2.25: Influence of E; on the contour patterns with§ = 0.01, E2;=0.25, E; =

05,A=2,B=2,¢=0.0l and k= 0.1.
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Figure 2.26: Influence of E, on the contour patterns with § = 0.01,E;=0.25,E3=
0.5,A=2,B=2,¢=0.01 and k = 0.1.
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Figure 2.27: Influence of E5 on the contour patterns with § = 0.01, E; = 0.25, E> =
0.35,A=2,B=2,¢=0.01 and « =0.1.
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Figure 2.28: Comparison of flow rate of the fluid for E; between present work and

Srinivasacharya et. al. [85].
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2.5 Conclusion

In this study, dusty Walter’s B fluid flaunting the peristaltic motion has been analyzed
under the influence of wall properties. The wave number has been assumed small and
the results are analyzed for different parameters. The significant features of this study

arc

e Forthe solid particles, the size of the bolus increases on the right-hand side as
the viscoelastic parameter k is increased.

e As the wave number & is enlarged, the trapped bolus expands for both fluid
and solid particles.

e The velocity enhances by increasing the values of different parameters.

e The flow rate of fluid and solid particles increases as values of E;, Ez and § is

increased.

42



Chapter 3

Peristaltic Flow of Second-Grade Dusty
Fluid through a Porous Medium in an
Asymmetric Channel

In this chapter, the effect of wall slip conditions on the dusty second-grade fluid
through a porous asymmetric channel has been studied. The passage asymmetry is
generated because of peristaltic wave train on channel walls of different phases and
amplitude. An analytical solution of the situation is gained by applying regular
perturbation technique under small wave number approximation. The stream
functions for both fluid and solid particles and the pressure gradient are calculated and

illustrated graphically.

3.1 Problem Formulation

Assuming the peristaltic motion of a second-grade fluid with a mixture of dust
particles through a porous medium in an asymmetric channel of width d; + d,.
Peristaltic waves are assumed to travel along the walls of the channel. The shape of

the travelling waves is given by

Hy(X,£) = d; + agsin [ (X - ct), (3.1)

Hy(X,t) = —d, — a,sin [%’5 (X —ct) + ¢], (3.2)

where the upper and lower walls amplitude is denoted by a,,a, respectively. The

geometry of the problem is given in Fig. 3.1.
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Figure. 3.1: Geometry of an asymmetric channel.

The ruling equations in the form of component for fluid and solid particles are

ou av
—+—=0, (3.3)

op H

(6V U 0V GV)
ot ax ay

= --3—5 tox (Sxr) + 55 (syy) + kN, = V), (3.5)

% + % =0, (3.6)
US%H/S%:%(U—US), (3.7)
s%+lfs%=%(V—Vs), (3.8)

here k, denotes the permeability of the porous medium and N is the number density

of solid particles and it is taken as a constant.
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The relationship between moving and fixed frames are given below

p(x)=PX,t), y=Y, x=X~-ct, v=V, u=U-c, us=Us—c,v,=V.

(3.9)

In the wave frame of reference, the governing equations for the fluid particles are

L) (3.10
ax  dy 10)
du du dp 0Syx  0Sxy U
—t v —]=—= —_ —u)—— A1
P (u F +v ay) e + ox + 3y + kN(us — u) k. (u+c), (3.11)
ov  dv dp 0Syy 0Syy U
—trv—)=—-—+——+—="=+ kN, —v) —7— (v). 3.12
p (u 0x tv 6y) dy * ox * dy TN (s =) k, @) (3.12)
The governing equations for the solid particles are
dug  0v;
—_—t—= 3.13
0x + ay 0. (3.13)
oug ouy, k
= — = (y - 14
Us == + v Gy ~m (u—uy), (3.14)
v ovs, k
b} —=—(v- 3.15
u'S ax S ay m (U vS)l ( )

where

P ou ) 0%u 0%u 4(6u)2+26u6v+2(6v)2
SRR PR “W”axay *\%x dx dx dx

N 4 (au)z 4 (au + 017)2
%2 1% \ox dy ox/ |

ou av) 0%u 0%u 2%v 6v0u+ ov ov
1 ax®  “oxox ' “oxox|

Sxy=ﬂ($+a—x +a axay +Uw+u——2
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Syy=2ug—;+a1[2(uaizavy+ ay)+4( ) +25£+2(£)2]+

a, [4 (g—;)z +(2+ Z—Z)z] (3.16)

dy

Introducing the non-dimensional variables and stream functions for fluid and solid

particles
_ oy _ 661/} _d¢ 3 66(,0 ._pdi ac
Y= VT % B Tay BT %% P =ac 2T udy
X LY @ _d _PCd1
X —A;y —dlib—'dli d'—dl: R - [.l ’
d P 4 a;c Sd, 1
0 =—, = —_, Y= — ;= — fe=—,a=— 17
v VT P Ta T 8= G

Using Eq. (3.17) into Eqgs. (3.11) and (3.12) to get

oY 0% Yoty
Re § | ——r— —
dy dxdy dx dy?

kNd? (6_<p _ @)

=—-=+ 6 (Sxx) + (Sxy) dy oy

ox

—d—%(@+ 1), (3.18)

ki \0y
P T
Ox 0xdy 0y dx?
_ . , kNd? (61/) 6(p)
=3 7%% (Sxy)+6 (syy) 0 — =5 "%
d? oy
2
()

The equations of the solid particles after using Eq. (3.17) and dropping the star are

given as
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dp 0?2 dg 82 0 d
9909 59909 _ (l - _(p_) (3.20)
dy dxdy dx dy? dy Ody
dp 82 dp 8° k (0 d
AL S pa L (—‘—’L - —"b) (3.21)
Ty ax? | ox axay m\dx Ox

The compatibility equations for the fluid and solid particles become

pols (B0_0%0 _OWY\ _ (0 Y ayoy
e[ (ayaxay 6x6y) (axaxzay ayax3ﬂ

92 42 92
=5W(s"" yy)+(ay2 56 )Sxy+A(V¢ VZy)

d
(V Y), (3.22)

dpd_, 0 )
6(Ea—xV1(p - 525y ie) = B - Vip), (3.23)

di. - . .
where K = -k—l is the permeability coefficient of the porous medium.
1

The walls in dimensionless form are
hy(x) = 1 + asin(2mx), (3.24)
hy,(x) = —d — bsin(2nx + ¢). (3.25)

The time mean flow rate in the dimensionless form is denoted by F.

Q=F+1+4d, (3.26)
where
F fhlm %, (3.27)
= —— y‘ .
ho(x) OV

The time flow rate of the solid particles, in the non-dimensional form is
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hl(x)a
E= f % 4y, (3.28)

it can be associated with Q, the dimensionless time flow in the fixed frame as
Qs =E+1+d. (3.29)

The pressure rise is given by

Q)l"B

1
2
AP = f — dx. (3.30)
0

Dimensionless boundary conditions are

3 E

=3, % +BSy=-1, ¢== aty=h(),  (331)
F Y E

yv=-3 3y BSy=-1 ¢=-3 at y = hy(x), (3.32)

3.2 Method of Solution

The perturbation method has been adopted as a closed form solution is not possible

for the non-linear differential equations. We expand ¥, ¢, F, E and p as

Y =Yg + 6y + %Y, + 0(63), (3.33)
@ =@y + 8¢+ 8%, + 0(83), (3.34)
F = Fy + 6F, + 6%F, + 0(83), (3.35)
E = Ey+ 8E, + 6%E, + 0(83), (3.36)
p =po + 6p, + 6%p, + 0(63). (3.37)
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3.2.1 Zeroth-Order System

The system of equations for zeroth order is

0? %@, 0%y 0%ty

a—y—z(s()xy) +A (3)1_2 - 3y ) - K( 3y ) =0, (3.38)
%Py 9%,

° ( 9y 9y? ) =0 (339

dp, 0 d¢g al/JO) (01/)0 )

Fr aySOxy +A( 3y dy K 3y +1), (3.40)

With the component of stress tensor defined as follow

Soxy = ZZ—;DZO. (3.41)
with
Yo = %i %1/;_’2 +BSoxy = =1 @0 = % aty = hy(x), (3.42)
=2 TPy ==l po=- ay=hG). (49
3.2.2 First-Order System
Re (3% O Bt 63%)
dy 0xdy? dx dy?
= 52‘;7 (Soxx - SOyy) + '(%,12 (Slxy) +A (%Z% - 062}1]/121)
—K (aazﬁl), (3.44)

9%, 92 dpy 03 9, 03
B( Y1 %)_ Po 0°@o 09, 3°9g (3.45)

dy2  9y? )  dy axdy? ox 0y3'
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dx dy dxdy 0Ox 0y? ay 9y

where

S _ 0%, o 252% 0o 9o %y 3o %%,
Xy ™ gy? dxdy dy? Ay dxdy? dx dy3 )

The corresponding boundary conditions are

Fy Y, Ey
Yy = 5 731—+ﬁ51xy =0; P = 2 aty = hy(x),
Fy 61/)1 Ey
hi=-5i GBS =0 i=-g aty=h(o).

3.3 Solution of the Problem

¥

1 1
- (Aly + A, + Aq cosh [K7 y] + A, sinh [K7 y])

1
Asoy + Agg + (Agg — Azey + Ay1y?) cosh [KE }’]
+ &

’

1
+(Asg — A3y + Azsy?) sinh [K7 }’]

@ = (Yo + By + By) + 8(1 + B3y + Bay),

dp
dx

1 1
+ D¢ cosh [21(5 y] + Dy sinh [ZKE y]).
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%_Re(ad)oazlﬁo 0o @ ¢°>—:—y(51xy)+A(%—%)—K(

%)

(3.46)

(3.47)

(3.48)

(3.49)

(3.50)

(3.51)

1 1
— = —K(A4; +1) + 6(D; + (D, + D3y) cosh [Kf y] + (D4 + Dgy) sinh [Kf y]

(3.52)



3.4 Results and Discussion

This section includes the discussion on the contour graphs of both fluid and solid
particles and pressure rise. Figs. 3.2 — 3.6 represent the consequences of different
parameters on the fluid particles. Figs. 3.7 - 3.11 illustrate the behavior of parameters
on the solid particles suspended in the fluid. Figs. 3.12 — 3.16 are the graphical

representation of pressure rise for fluid particles.

Fig. 3.2 shows that with the increase in a;values, the bolus for the fluid particles
expands. As the values of & increases, we observe that the bolus expands too as shown
in Fig. 3.3. Fig. 3.4(a) shows the effect of no slip on the fluid particles while Fig.
3.4(b) and Fig. 3.4(c) clearly show that with the rise in slip parameter, the bolus
expands. The effect of porosity is demonstrated in Fig. 3.5. It can be observed in Fig.
3.5(a) that there is weak impact of porosity on fluid profile with minimum porosity
amount. With the increase of porosity, the bolus starts expanding. Fig. 3.6 illustrates

that rise in Reynolds number (Re) contracts the bolus of the fluid particles.

It can be perceived in Fig. 3.7 that increasing a; expands the bolus for the solid
particles. Fig. 3.8 depicts that the bolus expands for solid particles by increasing 4. In
Fig. 3.9(a) the no slip effects on the solid particles are illustrated while Fig. 3.9(b) and
Fig. 3.9(c) show that as the slip parameter increases bolus starts to expand. The
consequences of porosity parameter on solid particles can be studied in Fig. 3.10. We
see that less porosity has minor effects on the flow of solid particles. As the porosity
increases, Fig. 3.10(b) and Fig. 3.10(c) show effects increasing on the solid particles.

Fig. 3.11 demonstrates that by increasing Re, the bolus increases as well.

Fig. 3.12 is the graphical representation of effects of a;on the pressure rise. We notice

that with the increase in @, the pumping rate increases in the retrograde region (AP >
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0) while in the co-pumping region (AP < 0) there is decrease in the pumping rate.
Fig. 3.13 illustrates the effects of § on the pressure rise. We noticed that as the values
of & increases, the pumping rate decreases in the retrograde region while it has
opposite effect in the free pumping and co-pumping region. The consequences of slip
parameter 8 on the pressure rise can be studied in Fig. 3.14. There is slight growth in
pressure rise as the slip parameter is increased as more pressure would be required to
pump the fluid. The rise of porosity parameter K has significant influence on the
pressure rise. In Fig. 3.15 we observe that pressure has almost vanished as we take the
K very close to zero. As the porosity parameter is increased, there is notable increase
in the pressure rise as more pressure would be required to pump the fluid through
porous passage. Fig. 3.16 exhibit the deviation of pressure rise for distinct values of
Reynolds number (Re). With the increase in Re, the pressure is rising as well. Increase
in Re means that inertial forces are dominant while viscous forces become weak. The

retrograde region for pumping fluid will widen as Re is increased.
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3.5 Graphs

Graphs of Fluid

-10F

........................

(cya,;=6
Figure 3.2: Depicts the streamline patterns of fluid particles for various values of a;
withb =05 B=02,d=0.7¢ = g, A=03 Re=0156=001,8=02a=
0.8, K=0.1



@dé=0 (b)6=04

Figure 3.3: Depicts the streamline patterns of fluid particles for distinct values of §
withK=01,b=05d=07 ¢ = -163, A=02,B=03 Re=015a,=2,a=03,
g =02



@ B=0 (b) B =02

(©B8 =03
Figure 3.4: Depicts the streamline patterns of fluid particles for distinct values of 8

withb =0.6,d=08 ¢ = %, K=01,4A=01,B=0.1 Re=0.256=001 a,=
0.1, a=05.
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Figure 3.5: Depicts the streamline patterns of fluid particles for distinct values of K
withb =0.6,d=038, ¢ = -765, ,=01,A=01,B=0.1, Re=0.256=0.01 0=
0.1, a=0.35.
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Figure 3.6: Depicts the streamline patterns of fluid particles for distinct values of
Reynolds number (Re) with b = 0.5, d = 0.7, ¢ = g a;=01,4=01B=0.1,
K=01,8§=00,=01a=038

Graphs of Solid Particles
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of §
0.1,

Figure 3.9: Depicts the streamline patterns of solid particles for distinct values

0.25,6=06,d=08 ¢ = g, K=01,A=05B=1§=001 a,

with Re

a=0535.
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Figure 3.10: Depicts the streamline patterns of solid particles for distinct values of
Kwithb=06d=08¢ = %, a1=01,4=05B=1 Re=0256=00108=
0.1, a=0.5.
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Figure 3.12: Variation of Ap(P) with Q for distinct values of a;with b = 0.6, ¢ =
g,Re=0.25,A=0.5,B=1,K=0.1,5=0.01,x=1,y=0,ﬁ=0.1,a=0.5,d=
0.8.
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0.00}
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-0.15}

-0.20¢

Q

Figure 3.13: Variation of Ap(P) with Q for distinct values of & with b = 0.6, ¢ =
%, Re=025,4=05B=1K=01a,=01,8=01a=05d=08,
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Figure 3.14: Variation of Ap(P) with Q for distinct values of § with b = 0.6, ¢ =
= Re=0254=05B=1K=0108=00l,a=01a=05d=08
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Figure 3.15: Variation of Ap(P) with Q for distinct values of X with b= 0.6, ¢ =
%, Re=0254=05B=1a,=0186=001,8=01a=05d=08
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Figure 3.16: Variation of Ap(P) with Q for distinct values of Re with b = 0.6, ¢ =
1;-, K=01A=01B=01 a;=0186=001,8=01a=05d=08.

3.6 Conclusion

In this chapter, a non-linear analysis of a second-grade dusty fluid in asymmetric
channel filled with porous medium is discussed. We can draw the following

conclusions.

o The pressure rise surges with an rise in a;, 8, Re and K in the retrograde region
while the pumping rate declines in the co-pumping region.

e The bolus expands as a, and f increase for both fluid and dust particles.

e The size of the trapped bolus enhances in the lower half of the channel as Re
increases for dust particles.

e With an increase of K, the size of trapped bolus increases in the upper half of
the channel while it reduces in the lower half of the channel for both fluid and
dust particles. This effect can be linked with the phase difference between the

upper and lower walls.
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Chapter 4

Small Wave Number Approximation to
Peristaltic Motion of a Dusty Jeffrey Fluid

This chapter explains the consequence of the wall properties on the Jeffrey fluid
consisting of the solid dust particles flaunting the peristaltic motion. The equations
governing the solid particles and fluid are modeled by employing the small wave
number approximation. The effect of relaxation and retardation times are also
discussed. Relation of stream function is derived. Regular perturbation technique has
been implemented to obtain the solutions. Streamlines graphs are included to discuss

the trapping mechanism.

4.1 Problem Formulation

Considering the two-dimensional Jeffrey fluid containing fine dust particles flowing
in the passage of uniform thickness 2d. The passage walls are flexible. The velocity

components along the axial and transverse direction is denoted by u and v.

The wall can be geometrically given by

_ 2T
y=n(X,f)=d+asin-Tn(X—cf). 4.1

The passage is shown in Fig. 4.1.
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Figure 4.1: Depicts the geometry of the channel.

The continuity and the momentum equations for fluid and solid particles are

For Fluid

V.V=0, (4.2)
d _ _ _ _

%V =-Vp+V.S+ kN —V). 4.3)

For Solid particles

V.V.=0, (4.4)
dV—k(V Vs) 4.5
dt S_m S/ (')

For Jeffrey fluid, the extra stress tensor S is

= M - dy -
=l a(2)5)

where the relaxation time is A;, A is the retardation time. The number density N of the

dust particles is assumed to be non-varying.
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The components of extra stress tensor are

du 2u Jd (0u d 0)6u) 2ul
=— — (= —tv—]|— 4.7
xx 6x1+)11+(6t(6x)+(u6x+v6y o) T+ A, 4.7
o = U (6u+BV)
T 142, \0x  dy
uA (0 (au 617) ( d 6)(6u av)
— (=t —+v—)=—=+=]}] 4.8
+1+/11<0t 6x+6y * ”ax+”ay ax+6y (4.8)
2u O0v 2uA 6(617) ( d a)av)
=——— —(= —+v—]=—). 4.9
Syy 1+/116y+1+/11(6t ay) T\"ax " V3y) 8y (4.9)

No-slip boundary condition for the velocities are

u=0, us =0, aty = *n, (4.10)
aP 0 0Sxx  0Syy ou du du
— ==L = —pltustvo - = #n.
M= vy TP (at Tuge Ty ay) FhNQus—w), -y =31

4.11)

Here L is the operator expressing the motion of the extended wall along with damping

forces defined as

AL L. 412
T e T M e T (4.12)

For flexible wall, the ruling equation of motion is

L(n) = p — o, (4.13)

The stream functions and the dimensionless numbers to execute a dimensionless

analysis
ay oy do do _ vt
u=--, 5 s = F s — — ' t= »
dy 0x oy d0x dA
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2

-y _ @ _ _ d d
=2 =1 = =— =—26. 4.14
P S e=3 V= x=5, &=7 S vaS (4.14)

Q|‘<
>R

After using the transformations and dropping the bar, the compatibility equations for

both the solid dust granules and fluid are expressed as

( 2y oY oy Y 621/J) , 0 <621p aYory ayY Xy )]
+ 6% — —
ady 0x

dtay | 3y axdy  0x 0y? atox | 3y ox?  ox 9xdy

2

a 92 , 0°
=5axay(sxx—syy)+ a—yz—a Py Sxy

+A(Vip — Vi), (4.15)

) 3
6[55v§ +%V2¢——V ] B[ V2y — V2¢), (4.16)

The components of the extra stress tensor are transformed as

92
1,IJ (6 oy a Y 6) 26
, 417
See = g\ LT R\ Gy ey | T A (4.17)
1 2 61/;6 awa) )61[) 262111

= — — ], 4.1
Sxy 1+, (126 (at ax ay 3y dy dx +1 dy? J dx? (4.18)

_ 26 dopa oY a\\ oy
Sw =TTy (1 ”25(6 ?075_53?5;)) 9x9y’ (4.19)
where 1, = % is the retardation parameter.
The dimensionless moving boundary is
y = +n = +(1 + esin2n(x — t)). (4.20)

The non-dimensional form of the boundary conditions is

Y d¢
- =0 =0, =xn, .
3y 0 3y 0 at y n (4.21)
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o [d0Y AP oY
2_— — —
Vi dy J 6t6y+6y6x6x

3

9 oy

Ox 0y dy

3

dp dY

dy 0dy

aZ

B [El 50 T B2 e Y B o

4.2 Method of Solution

]77: aty = 1n.

(4.22)

Assuming the small wave number (§ <« 1), the perturbation technique is applied to

get the results through DSolver in Mathematica.

Y =1 + 6y + 6%, +}
@ =@o+ 801+ 820, +

4.2.1 Zeroth Order System

The zeroth order system is

az% 621[10) =0,

62
372 (Sow) +4 (a_yz =557

62 aZ
B Yo _ 070 _ 0
dy?  0y?

with

s = 1 (0%,
oy 142, \ dy? )

with

dy  dy 0,

aty = 1n,

3 aZ

93y + 4 [a‘l’o _ Y,
ay3

63
dy dy ] B {El o T2 dx

70

E
3z T %3 5zae| ™

(4.23)

(4.24)

(4.25)

(4.26)

(4.27)



at y = +n. (4.28)

4.2.2 First Order System

The system of first order equations for the fluid and solid particles is

d (62% 0Py 0%, _ 0 az’ﬁo)

dy\otdy = dy oxdy 0x 0y?
02 62 62<p1 621/)1
= 9%y (Soxx — Soyy) + a_yz(SIJty) + A4 (a_yz =52 ), (4.29)
Oy _T91)_ 000 000 0700 _ 0993’0y (4.30)
ayz ayz atayZ ay axayZ dx ayg ’ .
with
SOxx = 01 (4.31)
1 0%y,
Slxy =T >
d (9%, P, @ 0P, 8\ 04,
N N T R
¥ 2<at<ay2>+ dy dx 0x 9y ayz) (4.32)
Sozy =0 (4.33)
with
0Y; ¢,
3y oy O aty = tn, (4.34)

aS1xy " 0Soxx A (a‘l’1 _ 61,01) - 621/)0 _ a1 az'/)o Yy 621110
dy dx oy dy atdy dx dy? = dy oxay’

aty = +n. (4.35)

4.2.3 Second Order System
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Second order system of the coupled equations is

ENERD + Y, 8%Yo + 0Po 0%y 01 3% Bty 0y,
dy\dtdy 0y dxdy ady dxdy dx dy? Ox dy?

02 a? a2
= b;—,;(slxx - Slyy) + 55,_2(52:0/) - g'x_z(SOxy)

92 a° 9? a2
e al(E02, P00\ _ (32 0%0)]
dy? = 0x? dy? = 0x?
B 621/)2+621,b0 _ 62(02+62(p0
ay? = 0x? dy? = 0Ox?

_ 0%, 09y 3@y gy 3¢, _6901 D
otdy? = dy 0xdy? dy dxdy? adx dy3

_09:0%¢,
ax dy3’

with

¢ = 2 (0%,

XX T 4 4, \0xdy )’

6 2 (9%,

yy = 1+A.1 axay ’

o 1 (3% 8%,

2y T 142\ dy2  ax?
9 (9%, 0P, 0 9P, 0\ 9%P,

+ 2= +(—————) ,

ot \ dy? dy dx 0dx dy/ dy?

with boundary conditions

ﬂb_z_o a‘Pz=

3y E 0, aty = *n,
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(4.37)

(4.38)

(4.39)

(4.40)

(4.41)



aSlxx + aSny +A (afpz _ a¢z)
dx dy dy 0dy

_ 0%y 0% 0P, 0%y, + 0%y 0 0%1 9o
T 9y? 9x ' 9tdx 9y oxdy 0xdy dy  0y? Ox’

aty = 1n. (4.42)

Solutions of the above-mentioned equations are obtained through DSolver and

demonstrated through graphs.

4.3 Results and Discussions

This section compromises a detailed discussion on the graphs of the both solid
particles and the fluid. Three main parameters of the wall i.e., E;, E2 and E;3 represent
the wall rigidity, the mass identifying parameter and elasticity of the wall respectively.
A, is the relaxation time while A, is retardation time and wave number is denoted by
5. Figs. 4.2 — 4.7 show the impacts of different attributes on the flow rate of the fluid.
Figs. 4.8 — 4.11 render the consequences of parameters on the fluid’s velocity profile.
Figs. 4.12 — 4.14 are the streamline compositions of the fluid with variation in different
parameters. The effect of the parameters on the amount of the flow rate of the solid
granules are shown in Figs. 4.15 — 4.20. The effects of the various attributes on the
velocity of the dust particles are given in Figs. 4.21 — 4.24. Figs. 4.25 — 4.27 exhibit

the influence of parameters on the streamline patterns of the dust particles.

Fig. 4.2 displays that the flow rate of the fluid grows as E; is increased. Increase in E;
increases the rigidity of the wall thus fluid can flow more efficiently through the
passage. Fig. 4.3 displays the effect of Ez on the flow rate. It has the same effect on
the fluid flow rate as E; has i.e., the flow rate enhances as the values for E; is increased.

The rate of flow grows as the elasticity of the wall is increased as observed in Fig. 4.4.
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The growth in the wave number §, increases the fluid’s rate of flow and it can be
witnessed in Fig. 4.5. Increase in the wave number causes decrease in the amplitude
of the wave thus resulting growth in the fluid flow. Fig. 4.6 shows that by increasing
A4, the fluid’s flow rate increases. The retardation parameter is denoted by A, and the
rate of the fluid’s flow enhances with the increase in 1, and it is illustrated in Fig. 4.7.
The impact of the relaxation time (4;) on the fluid’s velocity is shown in Fig. 4.8. The
velocity of the fluid decays as the values of the relaxation time (4,) is increased. This
indicates more time is required by the particles to come back to the equilibrium system
from perturbated system. Fig. 4.9 shows the fluid velocity being affected by the
retardation time (4,). The rise in the retardation time intensifies elasticity and since
elasticity and viscosity are inversely corelated to each other so the decline in viscosity
boosts the fluid velocity. Fig. 4.10 shows the impact of wave number (&) on the fluid
velocity profile. The fluid velocity rises as § increases. Fig. 4.11 is detailed illustration
of effects of three parameters E», E; and E;3 on the fluid’s velocity. The velocity of the
fluid rises as the values of the three parameters is enlarged. Fig. 4.12 exhibits that the
contraction in bolus on the left part of the channel as A, is increased while it expands
on the right side. Fig. 4.13 shows that the left and right bolus pushed each other with
the growth in A,. Fig. 4.14 demonstrates that with the increase in 6 (wave number),

the trapped bolus compresses each other.

Figs. 4.15 — 4.16 show that as the values of Ez and E; are increased the rate of flow of
the solid grains is increased. Fig. 4.17 depicts that E3 has reverse impact on the flow
rate of the dust particles i.e., as E;3 increases, the rate of the flow decreases. Fig. 4.18
shows that as the values of 1, is increased, the flow rate decays for the solid particles.
A similar impact can be noticed in Fig. 4.19. The rate of flow is decreased as the value

of the retardation time (4,) is increased. It can be spotted in Fig. 4.20 that as § is
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enhanced, the flow rate is also increased for the solid particles.
velocity of the solid particles intensifies near the walls of the channe

Fig. 4.21. Fig. 4.22 indicates that for solid grains, the velocity is decre

relaxation time (A,) is increased. It can be seen in Fig. 4.23 that as the v of 1,
are increased, the solid dust particles velocity is increased. Fig. is a
comprehensive illustration of the influence of three parameters EiL,E>a on the

velocity of the solid particles. The velocity rises by increasing £3, E2 and
depicts that the bolus expands at left while it contracts at right part of the
we increase the values of 1,. The bolus can be observed shrinking in the
while it expands in the right portion of the passage in Fig. 4.26 as 4, ar|
The consequences of wave numbe he contour outlines of the solid

given in Fig. 4.27. It can be observed t

wave number is increased.
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4.4 Graphs

Graphs of Fluid
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Figure 4.2: Depicts the significance of E; on the fluid flow rate with 6 = 0.01, E>=

035,4=1,A=1,B=1E;3=0354=1.
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Figure 4.3: Depicts the significance of E> on the fluid flow rate with 6 = 0.01, E; =

0.25,A4=1,4=3,B=1,E3=0.354;=1.
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Figure 4.4: Depicts the significance of E;3 on the fluid flow rate with = 0.01, £; =
0.25,4=1,22=3,B=1,E,=0.35,A1=1.
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Figure 4.5: Depicts the significance of & on the fluid flow rate with £3=0.35, E; =

025,4=1,2=3,B=1,E;=0354=1.
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Figure 4.6: Depicts the significance of 4; on the fluid flow rate with E3=0.35, E; =

025,4=1,42=3,B=1, E>=0.35,6§ =0.01.
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Figure 4.7: Depicts the significance of 22 on the fluid flow rate with E3 = 0.35, E; =

025,4=1,A4=1,B=1, E;=0.35,6§ =0.01.
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Figure 4.8: Depicts the significance of 4; on the fluid velocity with E; = 0.35, Ez =

0.25,4=1,A=15,B=1,¢=0.1, E3=0.35,6 = 0.01.

-10 -05 0o 05 10

Figure 4.9: Depicts the significance of 1, on the fluid velocity with E; = 0.35, E> =

025,4=1,1=3,B=1,¢=0.1,E3=0.35,6 = 0.01.

79



Figure 4.10: Depicts the significance of § on the fluid velocity with E; = 0.75, E> =

07,A=5,22=15,B=1,€=0.1,E3=04, 4 =2.5.
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Figure 4.11: Depicts the significance of different values of E;, E; and E3 on the
fluid velocity with4=2,4,=1.5,B=3,e=0.1,4,=2.5,6=0.01.
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Figure 4.12: Depicts the significance of 4; on the fluid streamline structures with £,

=0.5,E;=025,4=1,42=125,B=2,F;=0.35,§ = 0.01.
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Figure 4.13: Depicts the significance of A, on the fluid streamline structures with E;

=0.5,E,=0258 =0.01,4=1,4,=0.5,B=2, E3=0.35.
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Figure 4.14: Depicts the significance of § on the fluid streamline structures with E;
=05,E:=025,4=1,4=0.5,B=2, F3=0.35,1, = 1.25.
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Graphs of Solid Particles
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Figure 4.15: Depicts the significance of E; on the dust particles flow rate with £3 =
025,4=02,4,=0.1,B=1,E2=1,6=0.01,4:=0.5.
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Figure 4.16: Depicts the significance of E2 on the dust particles flow rate with E; =
0.25,4=02,4=0.1,B=1,E;=0.5,6=0.01,42=0.5.
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Figure 4.17: Depicts the significance of E3 on the dust particles flow rate with E; =
02,4=02,4,=0.1,B=1,E,=0.35,5=0.01,42=0.5.
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Figure 4.18: Depicts the significance of 4; on the dust particles flow rate with E>=
025,4=1,E3=0.5,B=0.25,E;=0.35,6=0.01,A2=0.5.
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Figure 4.19: Depicts the significance of A2 on the dust particles flow rate with E> =
0.25,4=0.2,E3=05,B=1,E;=0.35,0=0.01, 4, =0.2.
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Figure 4.20: Depicts the significance of § on the dust particles flow rate with E; =

0.25,4=02,E3=0.5,B=1,E;=0.35,1,=0.1,4,=0.2.
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Figure 4.21: Depicts the significance of § on solid particles velocity with E; = 1, E>
=1,4=1,412=05,B=1,6=0.02, E3=1, 41 = 1.

U,

Figure 4.22: Depicts the significance of 1; on solid particles velocity with E;=0.5,
E;=1,4=3,1,=2.5,B=25,6=0.03,E3=0.5,0=0.01.
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Figure 4.23: Depicts the significance of 1, on solid particles velocity with E; = 1.5,
E>=1,A=0.5,2,=05,6=0.02,FE;=1,0=0.01, B=0.1.
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Figure 4.24: Depicts the significance of E;, E2 and Ej on solid particles velocity

with4=2,4>=15,B=3,4,=2.5,¢=0.02.
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Figure 4.25: Depicts the significance of A2 on the solid particles streamline

structures with E2=0.15, E3=0.1, E;=0.25,4=1,6=0.01,B=2,¢= 0.01, 4;=1.
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Figure 4.26: Depicts the significance of A; on the solid particles streamline
structures with E2=0.15,B=2,E3=0.1,¢=0.01,4=1,6=0.01,4,=0.25, E; =
0.25.
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Figure 4.27: Depicts the significance of & on the solid particles streamline structures
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with £2=0.15,E;=0.15,4=1,B=2,¢=0.01,4,=2,4,= 1.5, E3=0.15.

4.5 Conclusion

In this chapter, Jeffrey fluid with the solid dust granules suspended in it have been

studied under the impact of wall properties. The analytic solutions are calculated by
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3

taking the wave number to be small. The outcomes are examined for distinct

parameters. The key attributes of this study are

e As E;, E; and E; are increasing, the solid particles velocity rises.

o The fluid flow rate increases while it decays for dust particles as the values of
E3, A;and A, are increased.

e The fluid’s velocity enhances as the values of A, and § are increased but in
case of solid granules, velocity reduces for §.

o The volume of the trapped bolus enhances on the left part for both solid and
fluid as A, is increased while it shrinks on the right part of the channel.

¢ In case of A,, the bolus expands at the right part of the passage while we
observe that it contracts on the left side for both solid and fluid.

¢ For solid particles, the bolus is observed to be moving towards right part of the

channel as the wave number is increased.
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Chapter 5

Peristaltically Wavy Motion on Dusty
Walter’s B Fluid with Inclined Magnetic
Field and Heat Transfer

This chapter includes the dynamics of Walter’s B fluid conveying dust granules
through an inclined asymmetric passage. An inclined magnetic field is imposed on the
flowing fluid in order to investigate its consequences on the temperature, pressure rise
and velocity. Stream functions transformation is applied to the derived equations of
the dust granules and the fluid. Regular perturbation method has been carried out to
interpret the non-linear equations. Graphical demonstration of various parameters is

included to analyze the results.

5.1 Problem Formulation

Presuming that Walter’s B fluid is incompressible and contains fine dust particles,
whose number density is taken as a constant. A two-dimensional inclined asymmetric
passage under the impact of constant magnetic field has been considered through
which the solid particles are flowing. Both channel and magnetic field are inclined at
angles y and 6 respectively. The temperature of the lower and upper walls is Ty and
T,. The width of the channel is d; + d,. The fluid is considered to be flowing along
X-axis. Figure.5.1 depicts the geometry of the problem. The walls are described as

below

Hy(R,B) = dy + aysin [ (X - cB), (5.1)
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[}

Hy(R,8) = —d; — asin |2 (X — cD) + 8| (5.2)

Figure. 5.1: Geometry of the channel.

The equations explaining the fluid flow are given

0P asxx+asxy
Tox ok o

kN(U; — U) + pgsiny
— 0B3cos8(Ucos6 — Vsind), (5.3)

017 _aV _617 613 a§W aSyy
AR, SAANE A IR KN(T, — 7
PlaetVartVar|= a7 T ax T o7 TN = V) —pgcosy

+0BZsin8(Ucosf — Vsing), (5.4)
i 6T _dT °T 9T\
+V—= N=+—=]+ . 55
pé [6t ay <6X2 ayz) (5.5)
The governing equations for the solid particles are described as
au, oV,
o% tar " (6)
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_ o0, _.a8U, k _ _
s g% _X g 5.7
v o k _
-_— _—= - . 5'8

The laboratory frame co-ordinates (X,Y) and the wave frame co-ordinates (¥, ) are

related by the transformations

px)=PX 0, y=Y, i=X—-ct, v=V, u=U~-c, u,=U;—c, 7=V,

(5.9
Initiating the following dimensionless quantities and stream functions
y c? X vg u dq
==, E=—I == =, =-, 6=_:
y d1 r f(Tl - To) X l vs c U c A
H d?p d,S cd
h=—, p=—it, s=22, pe=22
d, cloyg cag 0o
oBd c? ct « u
=Bt ot p $% %
Go gdy 1 k* c
T-T, v i _ oy dp
U ’ vV=-, = y u=—-—, S ]
T, -T, c ayc? dy dy
oY de
= e -, = —0Q —, -1
v 66x s 66x (5.10)

The ruling equations thus become after using these quantities as:

For fluid flow

0%y oy 6@0_61/)_

0xdy dy Ox dy?

dx dy ox

0p , Sy, OSu A(aq) azp)
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d ad
—M?cos@ ((—1 + 1) cosé + 6—¢sin0)
dy dx
Re
+— siny, (5.11)
E.

—Re§3 |—m L L
Red d0x? dy 0x 0xdy

2y Y AP 621/)]

08, . _8S, z(aw aqo)
——a—y+6 r +6—ay +48% (= -

) d
+8M?sind ((_1/) + 1) cosf + 6—¢—sin0)
dy dx

Re
——14 cosy, (5.12)
F.

duad U d 1 %0 0%0
SRe __lp___lll]:_ 2 4
P dy?

) 5.13
dx dy 0y dy } +E® (5.13)

dg 92 dp d*? oy 0
WPy _dedty _k@y ooy (5.14)
dy dxdy =~ ox dy? dy dy
d¢ 2 dp 02 k (0 d
L9909 509099 (_‘p__l_‘b.) (5.15)
dy 0x? ax 6x6y m\dx Ox

The compatibility equations for the fluid and solid particles is

oY a

5 Re [———(v V-55

(v2y)]

92 9? 9?2
=<W_526 )Sxy+6<a 5 {Sxx—syy})

2

0xdy

2
— M?cos 6( ¢>—26M25m66036
ay?
azl,b
— 2 cinl 2
M*sin“ 06 <_6x ) (5.16)
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do 0

dp 0 )
6(ayaxV1"’_axayV ) B(ViY — Vig).

(5.17)

The components of the extra stress tensor for the Walter’s B fluid and ® become

02y
xx 466x6y
Y\ (3%\ 00 %Y 0%y \*
- 2 2
K[“ (ay )(axz t480 5 5y 8 \Gax
— 484 az_l'b 2_ 2 aw (518)
dx? dy2dx )
0%y 0%y
Sxy=2[a—yz— Z-b-x—z
2661/) 0%y ;09 %Y 6631/131/) 5 0%y 0%y
“1°° 3y ay2ax axox2dy  Caysox  oxdy dy?
62 2
— 443 IPM
dxady dx?
0%y ayP
- 3T _*
3y (5.19)
Syy
62
0x0y
i IOk Lk RO A AT i AN
K170 3% ay2ox 9x% 0y? 3y ax20y - ° \dydx
a2y\°
—4 (57‘/21) ] (5.20)
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5.3 Method of Solution

Perturbation technique has been adopted to get the solution of the problem. Assuming

the series given as

Y =1 + 6Py +8%Y, +0(8%), (5.26)
9 = o+ 6¢; + 820, + 0(6%), (5.27)
F = Fy + 6F; + 62F, + 0(83), (5.28)
E = Ey + 6E;, + §%E, + 0(5%), (5.29)
U = U, + 86U, + 0(82), (5.30)
P = po + 8py + 0(8%). (5.31)

5.3.1 Zeroth-Order System

0° 020y 0%, 9%,
a—yzso,cy + A [a—yz — 377 — M? cos? Ga—y-z— = 0. (5.32)
0%y 0%,

—— = 5.33
B ( dy?  dy? ) 0 (5.33)
1 820,
Fa_yz_ +E,®5 =0, (5.34)
)
dPo d a¢’o ¢o 2, ( 0, ) Re

- —_—+ 1)+ — , 5.35

e aySO"y 3y 6y -M 3y +1)+ F siny (5.35)
where

6%, 8%, \*
Soxy = Za—yz—, b, =2 52 ) (5.36)

along with the boundary conditions
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FO alpO — EO

¢0 — 7' a_y_ _1’ Qo = 7' UO =0 at y= hl(x): (537)
F, d E
Yo =2, aly"=-1, Po==-=2, Tpy=1 aty=hn). (538)

5.3.2 First-Order System

0Py @ (0% Oy 0 (0%,
¢ [6y 5(6y2>_ dx @(0%)

62 aZ az(p 62111
= b—}ﬁslx}, + m (SOxx - Soyy) +A [—'—1 —1]

3y 9y?
0%, 0%,
— M? cos? — 2M? i : :
cos< @ 3y? 2M cos@smeaxay (5.39)
0%y, _ 0%¢, - dpo 0%, _ 09, 0>, (5.40)
oy?  9y? dy dxdy? dx dy3’ '
00,0y, 09U, 0y, 1 9%,
¢ %ox dy  dy ox _Fra_}lz+Er¢1' (5.41)
ar, 0 d o, 0y,
dx axSOxx +Eslxy + W—W
0 0
— M? cos? Bﬁ - Mzsinf)cosﬁﬂ
dy dx
Y, 02 P, 02
— Re Yo 0%, _ Yo 07, ‘ (5.42)
dy dydx 0Ox 0dy?
where
Soxx = 0, (5.43)
%o\
Soyy = 4K< 6y2> , (5.44)
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azwl)_ ( L0000, 0% 0% s 9y

— - , 5.45
S1ixy Z(ayz Kk dy3 ox Oxdy dy? dy axayz) ( )

o, = 4%(62%)2 49 [621/)0 030 0o _ 0%o 00 35, ]

dy? \ dy? dy? 0y3 dx  dy? 0dy dy?2ox
8%y, (0%Y,\° 32, 02
PO LY i A W i | (546)
dxdy \ dy? dydx dy

along with the boundary conditions

F, oy E

Yy = ?1’ ay1 =0, ¢ = -2—1' Ur=0 at y=h() (547)
F oy E

he-g Poop=-B B0 w y-he 69

The solution of these system of equations are calculated by using DSolver in

Mathematica. The results are demonstrated through graphs.

5.4 Results and Discussion

The graphical demonstration of many constraints on the velocity profile of the fluid,
pressure rise and temperature are deliberated in this section. Figs. 5.2 — 5.7 are the
graphical presentation of the velocity of the dust particles and the fluid under the
consequences of different parameters. Figs. 5.8 — 5.13 are graphs plotted to study the
impact of miscellaneous attributes on the pressure rise. Figs. 5.14 — 5.17 are the

temperature profile of the fluid under the effect of different parameters.

Fig. 5.2 shows the velocity of the dusty Walter’s B fluid for various values of the
magnetic field (M). Magnetic force is a resistive force and causes resistance in the
flow of the fluid. It can be concluded that M is affecting the fluid’s velocity and the

velocity is declining as the values of M are increased. The increase in Reynolds
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number (Re) is rising effect on the velocity of the dusty Walter’s B fluid. Fig. 5.3
shows that as the Re is increased, slight growth in the velocity of the fluid can be
spotted. As rise in the Reynolds number can be associated with lessening of viscosity
thus resulting growth in the velocity. The viscosity (k) reduces the fluid’s velocity.
Fig. 5.4 clearly illustrates the property of viscosity on the velocity of the fluid. As the
viscosity k is increased, the velocity of the fluid starts decaying. The wave number is
given by (8). As the wave number is enhanced, we observe decrease in the velocity
of the fluid as shown in Fig.5.5. Fig. 5.6 reveals that the rise in the viscosity parameter
K, slower down the velocity of the dust grains. Due to the drag co-efficient and the
size of the particles as the magnetic field grows, a significant decreasing effect in the

solid particle’s velocity can be spotted in Fig. 5.7.

The effect of the magnetic field (M) on the pressure rise is illustrated in Fig. 5.8. This
figure reveals that pressure rise increases in the retrograde region (AP > 0) as increase
in the magnetic effect slower downs the velocity of the fluid thus more pressure would
be required to pump the fluid while in the co-pumping region (AP < 0) we can
observe a reverse situation. Fig. 5.9 displays the impact of the viscoelastic parameter
k on the pressure rise. It can be concluded from the figure that more pressure would
be required to pump the fluid as its viscosity is increased. It can be perceived from
Fig. 5.10, that with the rise in Froude number F., the pressure rate decreases
throughout the region. Increase in Froude number is directly proportional to the speed
of the fluid thus less pressure would be required to pump the fluid as it speeds up. The
impact of the inclination of the passage on the pressure rise is illustrated in F ig. 5.11.
As the inclination of the passage i.e. y is increased, the rate of pumping rises

throughout the region. The increase in wave number & rises the pressure rate in the
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retrograde region as demonstrated in Fig. 5.12. The pressure rises thoroughly in the

region as displayed in Fig. 5.13, as the Reynolds number (Re) is increased.

Fig. 5.14 shows that as the Prandtl number B, is increased, the fluid’s temperature
declines. With rise in Prandtl number the process of heat diffusion slower down thus
the temperature declines. The influence of the inclination of the magnetic field 6 on
the temperature of the fluid is shown in Fig. 5.15. We observe that as the inclination
of the magnetic field rises, the temperature of the fluid rises too. Fig. 5.16 exhibits
that enhance in the values of M increases the temperature of the dusty Walter’s B fluid.
As the impact of magnetic field enhances, the velocity of the fluid weakens thus
resulting in the rise in temperature. With the increase in Eckert number E,., the

temperature rise can be observed in Fig. 5.17.
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5.5 Graphs

~1.0 05 0.0 0.5
¥y
Figure 5.2: Impact of M on velocity of the fluid with 0=2,0=2¢=03b=
02,4=01,Re=5d=136=02k=010=n/6a=01 B=1.

Figure 5.3: Impact of Re on velocity of the fluid with 0=1,0=1,¢=03b=
0.2,4=01,d=13B=1,M=156=2x=0.1 0=n/10,a=0.1.
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Figure 5.4: Impact of x on velocity of the fluid with 0=20=2¢=03b=02
A =0.1,d=1‘3,B=1,Re=5,5=0.2,M=1.5,H=7r/6,a=0.1.

Figure §.5: Impact of  on velocity of the fluid with 0=20=2¢=03b=0.2
A=01d=13B=1Re=5k=1,M=1580=n/6a=01
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Figure 5.6: Impact of k on velocity of the solid particles with O =2, Os= 2, ¢ = 0.3,
b=02 A=01,B=1,Re=5d=130=02M=1560=n/6,a=0.1

Figure 5.7: Impact of M on velocity of the solid particles with Q =2, O;=2, ¢ =
03,6=02,4A=01,d=13B=1Re=506=02,M=150=n/6a=0.1.
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Figure 5.8: Impact of M on AP with¢ = 0.3, b=02,4=01,B=1,Re=5 5=
0.01k=020=n6a=01y=5F=1d=13

Figure 5.9: Impact of k on AP with¢ = 0.3, 6 =02, 4=01,B=1, M=156 =
0.0, k=01, Re=560=n/10a=01y= g E=1,d=13.

107



Figure 5.10: Impact of §, on AP with ¢ = 0.3, 6=02,4=0.1,B=1, Re =356 =
0.05, M=15x=050=n/6a=0.17y= g,d = 1.3.

Figure 5.11: Impact of 6 on AP with¢ = 0.3, =02, 4A=01,B=1,Re=35a =
0.1, k=020=m6M=15y=2F=I,d=13
4
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Figure 5.12: Impact of y on AP with ¢ = 0.3, =02, 4=0.1, B = 1, Re=35 0=
001, k=020=n/6,a=0.1 M=0.5, E=1,d=13

Figure 5.13: Impact of Re on AP with ¢ = 0.3, 6 = 0.2, 4 =0.] B = LM=01546
=001, x=020=x/6,a=01y="2F,=1d=13.
4
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Figure 5.14: Impact of P, onUwithd =1, 0=2,0,=29=034=01,B=1
Re=5k=050=01,M=050=n6a=01E.=25b=04.

’

Figure 5.15: Impact of 6 on U withd =1, 0 =2, O, = 2, $=034=01B=1,
Re=5k=0506=01,M=05P =15a=01E,=15b=04
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1.0 —05 0.0 0.5 1.0

Figure 5.16: Impact of M on U withQ =2, Os=2,¢=03,0=04,d=1,4A=0.1,
B=1Re=5x=0546=01 B=12560=n6,a=0.1 E. =05

Figure 5.17: Impactof E,onUwithQ =2, Q;=2,d=1,b=04,4=01,B=1,
Re=5x=050=05PB=10=a6a=01M=25¢=03.
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5.6 Conclusion

This chapter is about Walter’s B dusty fluid revealing the peristaltic motion in an
inclined asymmetric passage. An inclined magnetic field is imposed to the fluid flow

to examine the impact of various attributes. We concluded the following major results.

e The fluid velocity decays due to rise in the magnetic field while a reverse
situation was observed as we increased the values of Reynolds number.

e By raising the viscoelastic parameter and the wave number, the fluid velocity
decreases.

¢ The velocity of the solid granules declines with the rise in magnetic field and
viscoelastic parameter.

o The pumping rate increases as M, Re, k and § are increased, while it decreases
through all the region as Froude number E,. is increased.

e The temperature U lowers down as P, are increased while it enhances with the

increase in M, E. and 6.
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Chapter 6

Peristaltic Transport of a Second-Grade
Dusty Fluid in a Tube

This chapter intents to analyze the behavior of second-grade dusty fluid flowing
through a flexible tube whose walls are induced by the peristaltic movement. Coupled
equations for the fluid and solid particles have been modelled by considering small
wave number approximation. Regular perturbation technique has been implemented
to get the solutions and the outcomes are demonstrated through graphs. The impact of
diverse parameters on the contour presentations and on the velocity of the solid grains

and fluid have been illustrated.

6.1 Problem Formulation

Taking the axisymmetric flow of a second-grade fluid which contain small spherical
particles in a tube of radius a. These particles are even in size. Therefore, the number
density N of the solid granules are presumed to be constant. The walls of the tube are
propagating with constant speed ¢. We select the cylindrical coordinate structure
(R,Z). In the radial and axial directions, the velocity components are taken as U, W

for fluid and U; and W for dust particles.

The wall of the tube is given as

_ o
RZD =a+bsin7"(2—ca. (6.1)
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Fig. 6.1: Geometry of the tube.

In the fixed frame (R, Z), the equations expressing the movement of the fluid and the

solid grains are

10(R0)  a(W)

R orR taz = (62)
d o 18 _ . a8 _ _

PE'E(U) = —5_—+Eﬁ(RTrr) + ﬁ(Trz) + kN(U; — U), (6.3)
d _ 5 19 _ . a _ o

P'd—t-(W) =-3z + FET (RT,z) + ﬁ(Tzz) + kN(W, - W), (6.4)
19(RU,)  o(Ws) _

R ok T oz (6:5)
d _ k . _

=M =—T-10y, (66)
LW =~w-w 6.7
dE _m( S)l ( . )

a_ (2,19, 0
where = = (af trer T az)‘

Using the transformations mentioned below to associate the moving (7, Z)and fixed

frames (R, Z)

Z=7-ct,FT=RwW=W-cu=U W,=W,—c, U, = (6.8)
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and taking into account the dimensionless quantities

W T _z _a’p il W_E t_c_t_
e T PR PEeBTee WsT T Pk
7] a pca aT 10¢ kNa?
= — = - = — T:—' = —— = :
Y= J A Re U uc Us r 0z U
ka 161/) 10d¢ co; 10y
B=—, ==, = —-—, === 6.9
mc et Ty @ ua u r 0z (6.9)

The compatibility equations for fluid and dust particles after removing the pressure

gradient are

r0z2 0z 0z3ror  dzr

2
Rea[az( 202 ay a3¢1a¢+a¢1)

(61/) 3 62¢ 631,11 161/} 61/) 3 61/) 6w 1 0%y 1631/)01/1)]

9zr29r?  oridzr r 0rridz Orriordz rord oz

92 af10 92T, 92T,
_ _ 2 rz\ zz
= 5——6 py (rT,,) ra ( (rTrz)) +7ré ( 352 ) ré (0261‘)

+ A(Vip — V3y), (6.10)
o[ (122 et _serer
rdz 08z3ror 0z 022
(6_(pi(32_(p 9¢ 1 9% _ 993039 63<p16g0 3¢ avl)]
0zr29r2  Orr29rdz 0zr3dr 0rdroz  ortdzorr

= B(Vi¢ — Viy), (6.11)
where V2= (62 aazz + air; - %:—r).
Walls geometry in dimensionless configuration is

(6.12)

h =1+ ¢ sinz,
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where the occlusion is ¢ = S (the amplitude proportion).

The non-dimension boundary conditions are

a (1ay
_ _ 9 (1owy _ - 6.13
=0 ¢=0 Br(r 6r) 0 at v=0, (6.13)
161/)
= = —_ t —_—h,. 6.14
Yv=F, ¢=E, -5 =L at r (6.14)

The dimensionless time flow of the fluid and the solid granules are given as

¢2
Q =F+0.5<1 +7), (6.15)
¢2
Qs =E+05 <1 + 7), (6.16)
where

Q’|e

Y(h) —(0), (6.17)

[
[

The expression for the pressure rise is

s

dr = ¢(h) — ¢(0). (6.18)

ZTtdp
AP = f —dr. (6.19)

6.2 Method of Solution

The equations obtained for the dust and the fluid particles are non-linear in nature.

To obtain the solution, perturbation technique has been adopted.
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Y =1+ 8Y1 + 8%, + 0(53),
F = Fy 4+ 6F, + 6%F, + 0(83),

@ = @o+ 091 +8%p;, + 0(5?),
Fs = Fgo + 6F5; + 8%F,;, + 0(53),
p =po+8p, +8%p, + 0(63).

6.2.1 Zeroth-Order system
92 19
%2 7o [("Torz = Al@o — ¥0))] = 0,

> 14
(m - ;E) (B(@o — o)) = 0,

dpy 1 d Ao
E = ;<T0rz + ra(TOrz)) + 7(5 (l/)O - <P0))’

where

with

Yo=0, ¢o=0, %(%%)') =0,

Yo =Fo, @o = Ey, ‘:'a_ali—o = -1, at

Solution of Zeroth-Order
1 1

_ 1 2 4
I/JO—ET ai, +Zr ay,
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(6.21)

(6.22)

(6.23)

(6.24)

(6.25)

(6.26)

(6.27)

(6.28)

(6.29)

(6.30)



alzr 1

$o = + 57‘2313r
4F0 —Z(ZFO + hZ) 312h2 2FSO
e i I

This solution is same as obtained by Siddiqui and Schwarz [25].

6.2.2 First Order System

Rel(— 0o 0%y 0o 3 Gty | 0%y By _0%030%Y, 9%, 09 1)

r\ 0r dr29z 9z r? dr ' 9r3 8z 9z r 0rZ ' 9zdr or r

19 92 0 (10 82
= A ((—;5 + -07'_2) (91 - 1/’1)) —Tres (;E (TTm)) + 557 (Torr)
azTOzz
B (rm) (631

(l(_ a‘Poiazfﬂo afpoia‘/’o 62cp0 109, 1 63(00 9o

0z r2 gr2 0z r3 dr ' 9rdzr? Or rozor? or
+6<p0 3¢, 1 _p % 19 ) 6.32
9z ar3r)) arz ror (@1 =¥ |, (6.32)
@ — (6Tozz) 1 (rT ) (% _%)
dz ~\ oz 1rz or or

_ Re (0%16% 0o 0%y 1 9Py 02, 1)

9z r3 ar 0z or2 r2 dr ordzr?

(6.33)

where

Tyypr = %( zwl +—— 42 )

or? or r

+ 2 0% 0%y 18P, 33y 1 3y 33, Py 0y, 1
%1 r29rdz 0r2  r2 9r 0r2dz r? 9z 9r3 0z or r*

2 2
L 1 0%o 9y 0% 3}, (6.34)

r3 9z 9r2  Or 9rdzr3
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= 2 ()

r or
0zz = T B\ T  r /] '
with
d /10y,
= O' = ! _(—_) = ’ = ’ .
Yy 0, =0 7 \F 5 0 at r=0 (6.37)
19y,
= F, = , -——=, = h. .
Y4 1 ¢, =E, e 0 atr=nh (6.38)

Solution of First Order

[ 1 [ 1 [ 1 [
llJl = —%Aalzal:;rﬁ - %Aalzalzrg + %allalzrsRe + 5_,76a12312T8Re
1 2 1 4
+ Er b]_ + Zr bz,
o1 = (—aypa,3 + Bby)r*
4B
14 1 12 1 ]
+ (—a12312 + 123 (_9—6'Aa12313) + 123 (%allalzRe))r6
12B
4 1 ’ 8 1 2
+ (—ﬁAalzalz + 5—76-a12312Re)r + 57 bs,
b _ 576F1 + aith(—?)Aal:; - Aalzhz + 3311Re + alzthe)
tT 144h2 '
b _ _192F1 + a,12h6(4A313 + Aalzhz - 4311Re - alzthe)
2 48h* ’
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by = a1, (3a;3h* + aph®)

6B h?

- BB b1h4

1 1 6
(96 Aa12313) h® + (96 Rea12a13) h

1 1
(576Aa12312) h® + (576Aa12312) h® — Fg,

In the absence of solid particles, this solution is same as obtained by Siddiqui and
Schwarz [25].

6.2.3 Second Order System

+ 4

0z or2r 9r3 o9z 9z r2 or 0z0r? or or 0rdzr

0° azTOrz alezz
= azor (i) r( 0z2 ) B r( oroz )
9%z ¢ 19
+ A ((F) (9o —¥o) + (57,_2 - ;E) (@2 — 1/J2)>

0
5;(;5( ZTZ)) (6'39)

Re-—
r

1(_ 09 0%n3 O3 0%: i3 s 0% By 0%: 0%y 1)

1(_0%0:10913 091 0°1  09:10°¢1 09:19°¢11 0910013
r or2 9z r Or 0rioz 09z oar3 or 0zorr 9z Or r?

92 02 10
=B ((a—rj) (9o — o) + (-2 - ;5> (92— lpz)), (6.40)
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dp, 6Tm) 190 (% N ?ﬁ)
dz ( az ) t\For (Tara) | + ar  or

e (@ 10%: _ 10%: 9y, 109, wl)' 641

9z 3 ar rZ rz dz  r2 or drdz

where

a2 r 12 r | r 922

( %P1 1 9P, 132%)
Ty =

[2 0% 0%y 10y, 0y, | 0y 10%, 3 Ay, 4%y,
+a, + —

r2 9r2 9rdz r* 9z or 8z r3 ar2  r3 or oroz

10y,0%, oy, 1 33y,
T 129z 913 ar r2or2oz|’ (6.42)
_ (%02 | 20%) 1a¢1) 2
T = ( oz 72 Tazar [ar (_?W ] ’ (6.43)
0%, 2 a / 10yY;\1?
fazz = (- 5zor :) rafz (25 (6.44)
with
=0 =0 (1 a¢2) 0 t r=0 6.45
lpZ - Y, (PZ - VY, ar r ar ’ a r= ’ ( . )
_ _ 19y, _
Y, =F, ¢@,=E, = =0, atr =h. (6.46)

These systems of equations are solved by using DSolver methodology in

Mathematica software.

6.3 Results and Discussion

This section is dedicated to discuss the impact of diverse parameters on the velocity,

streamline, pressure rise. Velocity of the fluid under the influence of Reynolds number
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(Re), (a,) i.e. the second-grade attribute and (&) the wave number is presented in
Figs. 6.2 — 6.4. The graphical demonstration of the pressure gradient is shown in Figs.
6.5 — 6.7. Figs. 6.8 — 6.10 are plotted to examine the pressure rise. Impact of
parameters on shear stress are presented in Fig. 6.11 — 6.13. Streamline graphs hold
an important role while studying the flow of the fluids. The pattern of the flow of the
fluid is presented through the contour graphs. Figs. 6.14 — 6.16 show the streamline
patterns of fluid under the impact of different attributes. The consequences of these
parameters on the velocity of the solid grains is illustrated in Figs. 6.17 — 6.19. As the
fluid contains the solid grains in it so the contour graphs for the solid grains are
included as well. The contour graphs for different parameters for the solid grains are

exemplified in Figs. 6.20 — 6.22.

As shown in Fig. 6.2, with the increase in wave number, the fluid flows more smoothly
and efficiently in the desired direction. With the rise in the Reynolds number (Re), we
see an increasing manner in the velocity at the center of the tube. As increase in Re
reduces the friction force thus causing rise in the fluid velocity. Growth in aj,

enhances the velocity of the fluid as demonstrated in Fig. 6.4. The pressure gradient

Z—Z versus z is given in Figs. 6.5 — 6.7 for the impact of Re, a; and § respectively. It

is noted that small pressure gradient has been occurred in z € [1,3]. It means that the
flow can smoothly go through without imposition of large pressure gradient and large
pressure gradient occurs for z € [3,7]. It means greater pressure gradient is required to
attain same flux to pass it. Fig. 6.8 shows the influence of ¢ on pressure rise. As the
amplitude is increased, we conclude that more pressure is needed to pump the fluid
throughout the region. The pumping rate falls in the retrograde region (AP > 0) as
the wave number increases. While a reverse situation can be observed in co-pumping

region (AP < 0). The retrograde region broadens with the increase in a,. Pumping
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rate grows with the increase in second grade parameter. Impression of different
parameters on wall shear stress T, at r = h, are demonstrated in Figs. 6.11 — 6.13.
With the increase in the parameters, it can be seen that the walls of the tube are
exhibiting to and fro movement thus the peristaltic motion of the wall can be seen

clearly.

Fig. 6.14 shows that as the values of the wave number (8) is raised, the bolus in the
channel get enhanced. As wave number is increased, the movement of bolus can be
seen stretching towards the upward direction. The impact of Reynolds number (Re)
on the streamline pattern is shown in Fig. 6.15. As the Reynolds number is increased,
viscous force weakens thus we observe that the motion of the fluid gets smoother and
bolus expands and move towards upward direction. The streamline patterns for the
amplitude ratio (¢) is illustrated in Fig. 6.16. For ¢ = 0, no bolus is formed as shown
in Fig. 6.16(a). As the values of ¢ are increased, we see a clear change in the formation
and volume of the bolus. The motion of the fluid particles is towards the direction of

the amplitude of the tube.

The impact of parameters like (8), Re and () on the velocity of the solid grains is
given in Figs. 6.17 — 6.19. We observe increase in the velocity for (§) and for Re,
growth in the velocity of the solid grains. Increase in Reynolds number refers that
viscous forces are weakening thus particles may flow more smoothly but for the
second-grade parameter (a;), we observe no change in the velocity of the solid grains
at least to 0(82). Fig. 6.20 shows the impact of (&) on the contour patterns of the solid
grains. As the wave number grow, we see an expansion in the volume of the bolus.
This indicates that the movement of particles is expanding. The enlargement in the
Reynolds number (Re), enhances the bolus as illustrated in Fig. 6.21. With lower

viscous force, the bolus formed shows that the movement of particles get smoother.
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With the rise in the amplitude of the wave, we observe that the bolus is stretched
upward as illustrated in Fig. 6.22. With the increase in amplitude, the flow of the
particles also moves up along the upward direction. Fig. 6.23 shows a comparison
between the velocity profile obtained by perturbation technique and numerical
technique. The velocity of the fluid seems to be following same pattern and ranges

through both techniques.

6.4 Graphs

Fig. 6.2: Velocity presentation of fluid for ¢ = 0.15, Q = 0.75, a,=15A=

1,B =1,Re = 5,Q, = 0.5.

124



Fig. 6.3: Velocity presentation of fluid for ¢ = 0.15, Q = 0.75, a, =154 =

1,B=1,6 =050, = 0.5.

-1.0 -0.5 0.0 0.5 1.0

r

Fig. 6.4: Velocity presentation of fluid for ¢ = 0.15, Q =075 Re=5A=

1,B=1,6 =050, = 0.5.
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Fig. 6.5: The pressure gradient dp/dz versus z with @ = 0.9,a; =15, A=2,B =

2,6 =0.02,Q, = 0.8,¢ = 0.2,
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Fig. 6.6: The pressure gradient dp/dz versus z with Q = 0.6,Re =5 A= 1,B = 2,
6 =0.02,Q0, =0.5,¢ = 0.15.
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Fig. 6.7: The pressure gradient dp/dz versus z with Q = 0.9,Re =5 A=2,B = 2,
a; =1.5,Q; = 0.8,¢ = 0.35.
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Fig. 6.8: The pressure rise AP versus Q with § = 0.01,Re =5 A=2,B = 2, a; =

1.5.
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Fig. 6.9: The pressure rise AP versus Q with ¢ = 0.15,Re=5A=1,B=2,a; =

1.5.

Fig. 6.10: The pressure rise AP versus Q with ¢ = 0.15,Re = 2.5,A=1,B =2,

6 = 0.01.
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Fig. 6.11: The shear stress at wall with ¢ = 0.15,Re =5,A=1,B=2,§ =

0.01,Q0 =0.8,Q0; = 0.7.

-1 0 1 2 3 4

Fig. 6.12: The shear stress at wall with ¢ = 0.15,a, =5,A=1,B=2,6 =

0.01,0 =0.8,Q0; = 0.7.
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Fig. 6.13: The shear stress at wall with ¢ = 0.15,Re =5,A=1,B=2,a=2,Q0 =

0.8,Q, = 0.7.
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Fig. 6.16: Streamline presentation of fluid for (a) ¢ = 0 (b) ¢ = 0.05 (¢) ¢ =
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Fig. 6.17: Velocity presentation of solid grains for ¢ = 0.15, @ = 0.9, Re =

5,A=1,B=1a, =15,Q, = 0.7.
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Fig. 6.18: Velocity presentation of solid grains for ¢ = 0.15, ¢ = 0.9, § =

05,A=1,B=1,a, = 15,0, =0.7.
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Fig. 6.19: Velocity presentation of solid grains for ¢ = 0.15, ¢ = 0.9, § =

05A=1,B=1, Re=10,Q; = 0.7.
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Fig. 6.23: Comparison between perturbation method and numerical method with

@ =0.15Q, = 0.6,a; = 0.5,A=1,B =2, = 0.02,0 = 0.6, Re = 5.

139



6.5 Conclusions

In this article, we studied the second-grade fluid containing fine dust grains in a tube.
Perturbation technique up to 0(82) has been imposed to get the solutions. The results

are shown through graphs. Following results are worth mentioning:

® The bolus expands for solid grains and fluid as the wave number enhances.

* The trapped bolus expands for dust grains and the fluid as Reynolds number
(Re) is increased.

* The bolus is stretched to the upward direction of the channel as the amplitude
ratio is increased.

* Growth in the velocity of the solid grains and the fluid for the parameter & and
Re.

* In retrograde region, pumping rate increases with the increase in @, and it

decreases for increased values of §.
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Chapter 7

Theoretical Analysis of Peristaltic
Viscous Fluid with Inhomogeneous Dust
Particles

This chapter deals with the inhomogeneous behavior of the solid grains suspended in
the fluid. The number density of the dust grains is taken as variable. The coupled
equations for solid granules and the fluid under long wavelength have been modelled.
Streamline transformations have been invoked and results are discussed through

graphs.

7.1 Problem Formulation

Assuming the incompressible viscous dusty fluid flowing through an asymmetric
passage. The dust particles are solid spherical particles which are not uniformly
distributed in the channel and their number density N () is dependent on y. The walls
of the channel are presumed to be tempted by peristaltic wave. The amplitudes of the
waves are denoted by a, and b;. The width of the passage is given by d; + d,. A is

the wave length and the phase difference is given by ¢. The walls are defined as
7 ., |2, &

Hy(X,B) = dy + aysin [2 (X - cf)], (7.1)
G , 2n o

Hy(R, D) = —dy — asin [Z (X - cb) + #|. (7.2)

The ruling equations for the fluid are
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au ov

%t )
d _ _ 19P 1 — - —

E(U) =v V(1) —;a+;kN(Y)(US -U), (7.2)
d _ — 1P 1 = -

E(V) =vV3(V) - 03y + EkN(Y)(Vs -V). (7.3)

For the dust particles, governing equations are

ONIIT) AN _

= = 7.4
X oY ' 74
oU, _ o, _olU, k. _
at—'+ sa)?'l'[/:?a)—, —;(U_ s): (75)
o, _ oV, _aV, k _ _
Uz thigg =V -1 (7.6)

Using the following transformations given below to convert the fixed frame into wave

frame

pX)=PX,0,5=Vx=X-ct, 1=V, i=U-ci;=U;~c, v,=V,
(7.7

By introducing the non-dimensional variables and parameters

_pd} _x Yy _u v N()_N(}")
_ml x—ﬂ' y—dl, u_cl U_C; y)= NOI
. Sdy oy _ap _dy _ pcdy _d
S _#C' a—d—l, b—d—l, d—dl, Re = u , 6_).
oy P dg do
_9% — 5% s A Y 7.
u 3y’ v 6ax: Us ay' Vs 6ax (7.8)
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The continuity equation of the fluid is satisfied identically and momentum equations

become

oY %Y %Yoy
6Re| —— — ——
0y 0xdy 0y? 0x

3y, %Y dp Y\ dp
_(Ey—gw — ay)+AN(y) (E—E)fa, (7.9)
oY 92 0%y a
siRe (22 0¥ OV
Ox dydx 0x? dy
%y >y oY d¢\ dp
— _&2 2 X o it 4 Dt 4
=0 (6x6y2+6 ax3)+AN(y)6 (ax ax) ay’ (7.10)

For further investigation, we consider the density of the solid particles in the non-

dimensional form as
Ny)=eY=1-¢y. (7.11)
The compatibility equation for fluid and solid particles is

o o a
6Re (@a (Viy) - %3y (Vﬁ[’))

0 d
=W+ A0 -T -ca(2-TE). o
op 0 o¢ 9
(G Vi~ e 2 Vo) = BT~ Vi), (713)

The geometry of the channel in non-dimensional form is
h, =1+ acos2nx, (7.14)

h, = —d — b cos(2nx + ¢). (7.15)
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7.2 Method of Solution

After adopting long wavelength and low Reynolds number assumptions, Eq. (7.12)

and (7.13) reduces to

%ﬁ-’Mu—cy) (‘:T‘f—%)—m (g—‘;—%) =0, (7.16)
with

1/):5, %;—/j+ﬂ(;27f=—1, goz-g-, at y = hy(x), (7.18)
l/’=—§. Z—lﬁ— g—;}%=—1, <p=—§, at y =hy(x). (7.19)

NDSolver command in Mathematica has been taken in account to get the solutions
and graphs of these equations. The impact of parameters is represented through

graphs,

7.3 Results and Discussion

This section is the description of the results presented in the form of graphs. The
influence of the variable density co-efficient and the slip parameter on the fluid
velocity is shown in Figs. 7.1 and 7.2 respectively, while on the solid particles is
presented in Figs. 7.3 and 7.4. The streamline patterns of fluid and dust particles are

shown in Figs. 7.5 to 7.8.

The impact of the variable density coefficient ¢ is depicted in Fig. 7.1. The density of

the particle in the fluid can be defined as the proportion between the mass of the
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particle to the amount of space it takes up. Increase in the density means that more
dust particles are concentrated in the fluid. We can observe in 'fhe Fig. 7.1 that as the
particles are increased in the fluid, the velocity increases in the region [0, 1.5] and the
fluid velocity is maximum at the center of the channel. As more dust particles are
concentrated in the fluid, the channel is pushed in the direction of the fluid. The slip
parameter is given by . When the flow of the molecules at the boundaries of the
channel have no stationary motion then this phenomenon is referred as slip condition.
It can be deduced from Fig. 7.2 that as the slip parameter is increased, the velocity
decays in the center of the passage while at the boundaries of the passage it increases.
Fig. 7.3 demonstrates the velocity of the dust particles. It can be perceived in the figure
that as the density of the dust granules is growing, the speed of the flow is gained in
the region near the lower wall. The variation of the slip parameter on the velocity of
the dust granules. It can be learned from the figure that the dust particles are behaving
in the similar manner as the fluid i.e. the velocity reduces at the middle of the channel

while increases at the boundaries.

Fig. 7.5 is the graphical representation of streamline patterns for different values of ¢.
With the increase in the density parameter, the bolus in the upper part of channel
compresses and the bolus in the lower part of the channel expands thus squeezing the
bolus in the upper portion. The impact of slip parameter on the streamline patterns of
the fluid is shown in Fig. 7.6. The bolus enlarges as the slip is increased. For the dust
particles, the trapped bolus can be seen flourishing in the lower portion of the passage
as the density is growing as displayed in Fig. 7.7. The impact of slip on the dust
particles streamline patterns is shown in Fig. 7.8. The bolus expands in the lower part

of the channel.
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7.4 Graphs
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Figure 7.1: Displays the effect of { on velocity of the fluid with B = 0.75,4 = 1.5,
d=Lb=a&a=aa¢=go=a&@=0&5=01
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Figure 7.2: Displays the effect of 8 on velocity of the fluid with B = 0.75,4 =
1&d=Lb=&&a=&&¢=£Q=Q%@=O&{=QZ
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Figure 7.3: Displays the effect of { on velocity of the solid particles with B =
0.75,A=15d=1,b=08a=06,¢ = %,Q =090, =08, =0.1.

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5
y

Figure 7.4: Displays the effect of # on velocity of the solid particles with B =
0.75,A=15d=1,b=08,a=0.6,¢ = g,Q =09,0, =08, =0.2.
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Figure 7.5: Depicts the streamline graphs of fluid for different values of ¢ with A =
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Figure 7.6: Depicts the streamline pattern of fluid for different values of 8 with A =
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Figure 7.7: Depicts the streamline pattern of solid for different values of ¢ with A =

15B=075Q;=3,d=1¢==,a=048=01b=040 =3
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Figure 7.8: Depicts the streamline pattern of solid for diverse values of 8 with A =

15,B=0750Q,=3d=1¢=2,a=04=01b=04,0 = 3.
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7.5 Conclusion

Incompressible viscous fluid consisting dust particles is supposed to be flowing
through an asymmetric channel. The number density of the dust grains is taken as

variable. Following key results are obtained in this study:

As the number density variable is increased, the velocity increases in the

region near lower wall while it decreases in upper wall region.

e The velocity rises at the boundaries of the channel while it decreases at the
center of the passage as the slip constraint is increased for the fluid as well as
solid granules.

¢ Bolus enlarges in the lower part of the passage, with the increase in number

density of dust particles.

* As the slip parameter increase, the trapped bolus broadens.
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Chapter 8

Peristaltic Flow of a Dusty Electrically
Conducting Fluid Through a Porous
Medium in an Endoscope

The impact of MHD on peristaltic flow of a dusty fluid in an endoscope has been
discussed in this chapter. The porous space inside the concentric tube is filled with an
incompressible fluid. The outer tube wall is flexible while the inner tube is rigid.
Coupled equations for both the solid granules and the fluid have been modelled by
supposing long wavelength and low Reynolds number assumptions. The results are
attained analytically and presented through graphs. The impact of different parameters

on velocity, pressure rise and streamlines have been included.

8.1 Problem Formulation

Considering that viscous dusty incompressible fluid is flowing past a co-axial tube.
The space between the inner and outer tube is filled up with the dusty fluid. The inner
tube is rigid while the outer tube exhibits the peristaltic behavior. An even applied
magnetic field B, makes the fluid to be electrically conducting. The induced magnetic
field can be ignored for smaller magnetic Reynolds number. Cylindrical polar
coordinates (R, Z) represent the radial and the centerline of the tubes. Mathematically

two walls can be described as

rn=a, (8.1)
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27
r=a,+ bsmT(z— ct),

(8.2)

a, is the radius of the inner tube and outer tube’s radius is a,. To avoid unsteady flow

the transformation given below has been taken into account.

V=v+c, U=u, R=r, Z =2z + ct.

(8.3)

The ruling equations of the dusty MHD fluid and the dust granules flowing past a

porous tube are given as

6v+u+6u_0
oz r? or

—.+__
ar2 " 0z2 r2 ror

©
—
<
| &
+
<
| &
~—
!

(02u %u u 16u) ap  u¢
=u

(6v+ av)_ 62v+62v+16v ap NE
P M arTV%z) =H orZz  0z% ror _5;+ (s = v)

- (083 + %) (w+o),

9z " re " ar 0,
dus Ooug k dp
p(us a +vS az)_;(u us) a ’
dvg v, k dp
p(usa Vs az)"_(v_vs)_a_z'-
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(8.4)

——r——u+Nk(u5 -u),

(8.5)

(8.6)

(8.7)

(8.8)

(8.9)

(8.10)



s
v=-c at r=r2=a2+bsin72. (8.11)

The non-dimensional quantities that have been employed are

_ r T a —_z __ad» _ v 1 _ ¢a? - u

= e— = —_—=—_= = - = —— = - === Uu=— 6=
r ay’ 176, " a, £€<1, z A’ p Auc’ v ¢’ K ki’ 8¢’
a b _ r . oBZa3
=, 0=—, f,==2=1+0sin2nz, M2 = 2% (8.12)
a a a, U

Under the long wavelength and low Reynolds number assumption, the system of

equations after dropping the bar is given as

dv u du

E+T_2+E= 0, (8.13)

@ _9 8.14
dr ' (8.14)
dp 1ov 0%v
E—A(us—u)+;a+ﬁ—l v+ 1), (8.15)
dp
2 = Bl —uy), (8.16)
with
v=-1, u=290 at r=rn, (8.17)
v=-1 at r=r,=1+8sin2nz, (8.18)

where 12 = %+ M2,

For the laboratory frame, the rate of flow is specified by
T2
0= 27rf V R dR. (8.19)
1

By inducing Eq. (8.3) and after integration, the above equation becomes
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@=gq+mnc(ri-rd), (8.20)

where the flow rate is g in wave frame and it is described by
T2
q = 27rf vrdr. (8.21)
L4
The time-averaged flow rate is
1T
Q= —f 0 dt. (8.22)
T Jy

By inserting Eq. (8.20) into Eq. (8.22) and integration yields

b2

Q =q+7rc(a§—a% +7). (8.23)

The above equation becomes

1 62
Q=F+-{1-€2+—=}, ' (8.24)
2 2
where Q = 62 F = qz are the non-dimensional mean flows in laboratory and
2masc 2naszc

wave frames respectively.

The dimensionless volume flow rate is

2
F= f 7 vdr. (8.25)

8.2 Method of Solution

Exact solution of the Eq. (8.15) w.r.t boundary conditions Eq. (8.17) and Eq. (8.18) is

v(r,z) = Cly(lr) + C,Ky(lr) _llz((g - I)E + 12), (8.24)
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where modified Bessel functions of the first and second kinds are I, and Kj,. Also,

(Ko = ko) (5 - 1) 2

G= 12(I,(Iry) Ko (le) = 1,(le) Ko (I7y))’ (8.25)
A d
(loUr) - L(e)) (5 - 1) -

T 2o (r)Ko(le) = Io(e)Ko(irz))'
The expression for Z—: is

d A -1
d_'z’ = (E - 1) 42 + 2F — 2)(Io(Iry) Ko (l€)

- lo(ls)Ko(lrz)))(—lzrzzlz (erz)Ko(el)

- 821212(81)K0(1T2)+12T2210(81)K2(Tzl) + 821210(1'21)1{2(18) - 4)-1.
(8.27)

If we consider A = 4 and B = 2 then similar results can be obtained as given by Afsar

et al. [102].

8.3 Results and Discussion

To analyze the impact of parameters like magnetic field (M), porosity (K) and the
concentration parameter (B) on the dusty fluid, graphs for pressure, velocity and
streamline patterns are drawn. Figs. 8.1 and 8.2 exhibit the velocity profile of the fluid
for the porous parameter a and magnetic field parameter (M). Increase in porosity
results in increase of soaking in capacity of the medium thus resulting in decay of the
velocity. Fig. 8.1 demonstrates that as the parameter K is enlarged, a notable decrease
in the velocity can be observed. Decrease in the velocity can be observed in Fig. 8.2
by enhancing the Hartman number (M). Increase in electromagnetic force causes
friction thus resulting drop in the velocity of the fluid.
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Fig. 8.3 shows influence of @ on the pressure rise. It can be observed the augmented
pumping occurs for 0.1 < Q < 2, no pumping occurs at Q = 0.1. Pressure rise of the
fluid under the effect of Hartman number (M) can be seen in Fig. 8.4. The pressure
rises in the pumping region with increase in (M). It can be deduced that as Hartman
number is raised an additional pressure will be necessary to pump fluid. Fig. 8.5 shows
the influence of concentration parameter (B) on the pressure rise of the fluid. At Q =
0.1, no pumping occurs, while peristaltic pumping occurs at Q < 0.1. As the
concentration of the solid particles rises, increased pressure will be essential to pump
the fluid. The radius ratio of the tube is denoted by €. As the radius ratio is enlarged,
lesser pressure is exerted by the fluid. Fig. 8.6 shows that impact of increase in € as a

reverse influence on the pressure rise.

Figs. 8.7 and 8.8 exhibit the trapping mechanism which is plotted as a result of
contour. The streamlines in Fig. 8.7 show that influence of porous parameter. It can
be concluded that with the rise in porosity the trapped bolus expands and is pushed

outward. While for the magnetic parameter (M), the trapped bolus contracts.
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8.4 Graphs
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Figure 8.1: Velocity profile of the fluid for distinct values of K with M = 0.4,0 =
08,A=2,B=0.2,6=05,Q =09.

Figure 8.2: The velocity profile of the fluid for distinct values of M with K =
04,0 =04,A=2,B=15¢=10.2,Q=0.9.
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Figure 8.3: The pressure rise for distinct of K withe = 0.4,0 = 0.8,A =2,B =

0.2,M = 0.4.
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Figure 8.4: The pressure rise for distinct values of M with K = 0.4,0 = 0.8,4 =
2,B=0.2, £=0.5.
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Figure 8.5: The pressure rise for distinct values of B with K = 0.4,60 = 0.8,A =
2,M =05, =0.2.
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Figure 8.6: The pressure rise for distinct values of € with K = 0.4,0 = 0.8,4 =
2,B=02,M = 0.5.
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Figure 8.7: Contour graphs of the fluid for distinct values of K with M = 0.5,8 =
0.15,A=2,B=3,6=05,Q0 =1.5.
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Figure 8.8: Contour graphs of the fluid for distinct values of M with K = 0.2,6 =
0.15,A=2,B=3,6=0.5,Q = 1.5.
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8.5 Conclusion
The chapter describes the peristaltic flow of dusty fluid through a porous annulus. The
exact solution for pressure gradient and axial velocity are found. The conclusions that

are worth mentioning are

o The velocity of the fluid decays for K i.e. the porous parameter.

¢ Increase in pressure rise can be spotted for M and B. They stimulate the motor
activity of the wall.

o The trapped bolus inflated by increasing porous parameter.

o The trapped bolus compresses by increasing in M.
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Chapter 9

Peristaltic Flow of a Second-Grade Dusty

Fluid in a Curved Channel

The chapter addresses the peristaltic flow of dusty second-grade fluid flowing through
a curved configuration. Coupled equations for dust granules and fluid have been
derived by using small wave number approximation. The solutions are attained

analytically and the concluded results are explained through graphs.

9.1 Problem Formulation

A two-dimensional curved channel whose thickness 2a is taken. A second-grade dusty
fluid is flowing in a curved channel with the radial (r) and axial (a) velocities of the
fluid and dust granules are given by u, v, us, v;. Mathematically, the channel upper

and lower walls are described as

Hy(R,B) = dy + aysin [2(X = cB)], (9.1)

H,(X, ) = —d, — a,sin [27" (X -cD) +¢). (9.2)

The continuity equation for the fluid and dust particles is

Ra 9 R+M|V=0
) ay
<ﬁ(R +7)+ R%) 7. =0 (9.4)

The governing equations of momentum are given as
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p (%—lt/ + (V. V)V) = —-VP+ VT + kN, - V), (9.5)

_ _ k _
(— + (T V)vs) -L@-m, 96)

For second-grade fluid, extra stress tensor is specified by T.

T = uf; + oy &, + ay4; (9.7)
A, = (grad V) + (grad V)¢, (9.8)
— dA;, __ _ o

Az = W + Al(grad V) + (grad V)tAl. (9.9)

To consider the flow to be steady, the reference frame (R,X) is converted into

laboratory frame (7, X) by using the conversions expressed as

Us=Us—c¢c, x=X-ct, v=V, TFT=R u=U-¢ o=V,
(9.10)

The dimensionless quantities and the streamline functions that have been utilized are

as follow:
X7 g _E R _% o _a

XEY TTew T uED Ta' T ¢’ A’

7 7 pca aT ca@ C ay

V=—, r=—,Re = —, T=—, a=—, = s

éc a U uc ua r+C 0x

A P C d¢ a® _

=—— u=——, = =, pP=—0~"P 9.11
s ar Y or S T r+Cox uc 611

The resulting compatibility equations of the fluid and solid granules after removing

the pressure terms are
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Re § 1 9%y Zzpazp 1 aw(l 61,0) 1 _(1_@) 1 9%y
¢ Cardx o0r2oxr+C ' ox or/ (r + C)? or/) (C +r)odxor

() grme - () (1- Y= ()
+ C /oxor? 9x or3 C or/or2\oxC +r
C a3¢+ , 202 oyary L ay €2 9%y
C+raxd (C +1)3 dx 0x? dx (r + C)?dx2o0r

() -P)

+ 62

~ Y x3 (r +0)2 ar) ~ axar ar/C +r
(50 .8 6\,
- axar+6xC+r xx
+16{ 1 (C+)} C 62T
corl(C+r)or r r+Cax2| ™
1 92
C +rdxor (c+ ")Trr)
18 C+r 92 , 02 !
+A[(EE+ C a—r—2+5 W)(w_‘p)]’ (9.12)
10% d¢ 1 62<p+6<p< aqo) 1 % (1 a<p) 1
Cordx 0xC+radr? odx or/(C+ k)2 orox or/(C+k)

(r+C) e d%pag 2( 6<p) 9%¢
C /Joxdrz or3ox C dr/ dxor

a C 6<p %p C (C+r)(1 6¢)+6263<p
or (C+1r)?ax 6r6x C+r C ar dx3

% ., 3 _6263<p(1_6_qo) C )

27 _
+4 O0x? J dx2or dx3 or/r+C
_3 r+Cad®> 14 62 9.13
= C —ar2+5a s | (@ =) |. (9.13)

The elements of extra stress tensor are
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.ﬂ

6(C?£)

§C+rax
%2 oY 1
-— 2 —_
@ |=2C6 6r0x(6xC+r)
oYy 2 8% oy 1
2,021 _ 9% “Y
+o%C (1 6r)C+r0x6r(6xC+r)

2
9% ;ay C \oy 1 0 C Y
2 N _—
+266 6r2(6x6+r)6xr+6+46 <6r(r+66x)

, C? %oy (1 61,[1) 2 9%y
(C+1r)?2ar? gx2 ar/C+raor?

. ) 2
+o (CZ+C ) (ZTlf) - (c4f OF (1- th) 0x (af)
(-2 ]
2
@ ’452 (ar (Zi c i r))

0 (_0y %Y (2 apy 1\
+(§( ar)+626_ﬂ(r+0)2—(1‘a)r+c)J' (9-14)
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_— %y 52 c? azw_(l_gz/i) 1
nE T Y T O ox ar)Ctr

By % C? Lg 0w 1
dxarz  °~ 9x3 (C+1r)2 oxorr +C

+a; [6

6(1 aw) c %
B T 9r)r + C oxor?

+63(1 azp) C? 62( C 61/))
or/(C+1r)2 9x2\C +r dx

L5 C ( a¢)62¢ S _C 9y
(C+r)? ar/ oxor dxr+Cors

- 3_63_@_6_(@) L3 oy o
(C+1r)* 9x oax\ox (C +1)2 0x 9rox

c 61/)( aw) s € %y

(r+C¥ax\"  or a(r+C)2F
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or\oxC+r
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+a; [26 3ron

2
— 2682 ¢ 9 (ﬂb_ ¢ )%_2 _
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Boundary conditions in dimensionless form are

_F o _ _E
1.[)— 2’ E" ’ 9= 2’

F ) E
e T

9.3 Method of Solution

The series solution for 1 and ¢ are expand as

Y=o+ 8y + 8%, + 0(83),
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-

oy 1 \°
_F)r+6> '

-
aC+r)_ C+rdrdx\C +rox or

a%p)z

2 9%y
r+ C dr?

(9.16)

at r=h=1+¢sin(x),

(9.17)

r=-—h=—(1+ ¢sin(x)).

(9.18)

(9.19)



@ =@y + 8¢, + 8%, + 0(63), (9.20)
F = Fy+ 6F, + 6%F, + 0(8%), (9.21)
E = Eo + 6E1 + 62E2 + 0(63). (9.22)

9.3.1 Zeroth Order System

14 1 9 C+rad? 190
—_—— —_— 2 — s —— - =
cor {(C +71)0r (+r) }Torx tA [( ¢ ozt C@r) Wo (pO)] 0. (9:23)
C+rd?> 10
B K C W-FEE) (@0 - 1/)0)] =0, (9.24)
where
0%, 1 (3
Torx = =32 ¥ 73 ( ar 1)' (9:25)
with
K 0y _ K L .
Yo = X W—l' Qo= == at r=h=1+ ¢sin(x),
(9.26)
_F 0y _Ey o .
Yo = > =5 = 1, Qo= at r=-h=-(1+¢sin(x)).
(9.27)

9.3.2 First Order System
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R 1621/’0 azlpo 1 90y, Yy 1 (_a¢o)
€\Torax orz C+r dx & 9x (C+1)? ar

1 9%, (1 al\bo) + 33y, (C+r) 03Py 0,
(r + C) 0xor or dxdr2\ C or3 odx

ED) () (- S - e 2 (- 2))

9 r+0) 1o

(1 a+ a2 T {
“\C+raox  axor Car (C+r)or

1 92 0 190
(( + C)Torr) +A [(C ! T'_ ) (Y — 091)]

" C +rorox c C dar
(9.28)
182, 0¢od%p, 1 Lt ( a¢o) Lo (1 a‘Po) 0%p, 1
Cordx dx or:r+C (C+r)? or /) ox or / dxor (C + 1)

N 3¢, (C+r) 0@, 030,
dxor2\ C dx or3

(C +r) 0 ([L99_C . C 9% (s 0<Po)
C Jor\( 9x (C+r)? r+Cordx ar
_20%pg (. 990 C+ra® 10

cordx (1_-6_7*) =8 ( C oz’ Car) (o1 - l/h)l

(9.29)

where
0%\ Ao\ 0%y 2
T, = -
Oxx “1[2(ar2) +(1 6r)6r2C+r

GRVN ey 1\
(‘ 572 ‘(“W)ur)

+ a, , (9.30)
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I —al [ 2 (1 61/)0) N (1 B awo)z 2

r+C\" " ar or / (r+0)?
92y, 1 avo\\
0 0
- - — 9.31
+a2( or? r+C(1 67‘)) ’ ©:31)
p [, 1 oo
= orz "r+cC or
+ Yy %Y, 1 (1 awo) C
% \oxorz T oroxC + 1 ar)C+r
+ 0%y C (1 6¢o) 0y C
ar? ax (C+r)? dar / axor (r + C)?
_ C 3P, 0y, C 0y, (1 _ awo)
C+r ar3 ax (C+71r)3 ox or
L B € C ot
or? Ox (C+1r)2 C+rordx
2 C Yy C %Y, ( awo)
- -—1], 9.32
+C+r< (C +1r)? 6x+r+C6r6x 1 or (9:32)
with
F d E
¢1=—El-, %=O, <p1=—71, at r=h=1+ ¢sinlx),
(9.33)
F. a E _
Y1 = ?1: % =0, 1= 71 at r=-h=~(1+ ¢sin(x)).
(9.34)

Solutions are obtained by using DSolver command in Mathematica software.
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9.4 Results and Discussion

This portion aims to define the impact of parameters like wave number &, second-
grade parameter a;, Reynolds number Re and C i.e., the curvature of the passage.
Figs. 9.1 — 9.7 show the streamline patterns and velocity of the fluid while Figs. 9.8 —

9.13 display the streamline patterns of the dust elements.

The streamline pattern in Fig. 9.1 displays the impact of wave number on the fluid.
With the increase in the wave number, it can be seen that the trapped bolus in the
upper portion of the passage increases in size while the bolus in the lower portion start
moving towards the direction of the fluid flow. Reynolds number impact on the
trapped bolus can be observed in Fig. 9.2. The trapped bolus in the upper part of the
passage contracts with the increase in Re while the bolus in the lower part contracts
and eventually vanishes. The consequence of curvature parameter C on the contour
plots can be seen in Fig. 9.3. As C is increasing, it can be seen the bolus present in the
upper part of the passage contracts while a bolus forms in the lower part of the passage.
The trapped bolus in the upper part of the passage enhances as the second-grade
parameter a, increases as displayed in Fig. 9.4. In Fig. 9.5, it can be seen that the
velocity of the fluid decays at the center of the passage as the wavenumber increases.
Wave number is inversely related to wavelength so as wave number increases,
wavelength decreases thus causing more turbulence in fluid resulting in reduction of
velocity. The second-grade parameter indicates the viscous nature of the fluid. As this
parameter increases, the velocity decreases as demonstrated in Fig. 9.6. The increase

in curvature, rises fluid velocity in the direction of the flow as indicated in Fig. 9.7.

The streamline patterns for dust granules for distant values of wave number are given

in Fig. 9.8. As the wave number is increased the trapped in the upper portion of the
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passage expands while the bolus in the lower part moves away in the direction of the
flow. As Fig. 9.9 indicates, the bolus trapped in the lower part of the passage enhances
in size as Reynolds number is increased. Impact of increase in curvature parameter C
on the streamline patterns is given in Fig. 9.10. As the curvature enhances, bolus in
the lower section of the passage forms and it continues increasing as C increases. In
Fig. 9.11, the impact of second-grade parameter on contour patterns are presented.
With the increase in a;, the trapped bolus starts contracting. The impression of
velocity under the influence of wave number is demonstrated in Fig. 9.12. Decay in
the velocity can be seen in the center of the passage as the wave number increases.
The impact of second-grade parameter on dust granules velocity is demonstrated in

Fig. 9.13. Increase in the viscous nature of the fluid decreases the velocity.
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9.5 Graphs

For Fluid
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Figure 9.1: The streamline patterns for the fluid for distinct values of § with Q =
1.5,¢ =02, =15,Q;,=18Re=5A=08,B=0.7,a;, =1,C =5,
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Figure 9.5: The velocity profile for the fluid for distinct values of § with ¢ = 0.4,

Q=150,=18Re=5A=08B=07C=35a, =1

Figure 9.6: The velocity profile for the fluid for distinct values of @; with ¢ = 0.4,

Q=150;,=18Re=5A4A=08B=07C=354=1.
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Figure 9.7: The velocity profile for the fluid for distinct values of C with ¢ = 1.5,

¢=04,Q;,=18Re=5A=08B=07,6§=001a, =1.

181



Graphs of Solid Particles
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Figure 9.8: The streamline patterns for the dust granules for distinct values of §

with Q = 1.5,¢ = 0.4,Q, = 1.8,Re = 5,4 = 0.8,B = 0.7,C = 5,a, = 2.
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Figure 9.12: The velocity profile for the dust granules for distinct values of § with

Q=15¢=030;,=18a,=1,4A=08B=0.7,Re=5,C = 4.

Figure 9.13: The velocity profile for the dust granules for distinct values of ar; with

Q=15¢=03Q,=186=0.01,A=0.8B =0.7,Re =5,C = 4.
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9.6 Conclusion

The peristaltic movement of second-grade dusty fluid in a curved configuration is
discussed. Perturbation technique has been employed to get the results. Below are

points that are notable.

The bolus trapped in the lower portion of the passage moves in the direction

of the flow as the wave number increases for both fluid and dust particles.

e Bolus forms in the lower portion of the passage as C is increased for both dust
particles and fluid.

* Increase in the second-grade parameter contracts the trapped bolus for both

solid and fluid particles.

* The velocity decays for both & and a; for both dust granules and fluid.
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Chapter 10

Concluding Remarks

This study is performed to examine the peristaltic effect of dusty fluid model flowing
past different geometries, with various body forces and boundary conditions. Second-
grade dusty fluid model has been studied for asymmetric channel, tube and curved
channel. It has been observed that the amplitude of maximum velocity is attained for
second-grade parameter and wavenumber in tube as compared to the curved channel.
Furthermore, the trapped bolus expands more in an asymmetric channel than the

curved channel for the second-grade parameter.

Walter’s B fluid model has been studied with the wall properties and for magnetic
field in an asymmetric channel. With wall properties effect, there is surge in velocity
for the viscoelastic parameter k while for the asymmetric channel velocity amplitude
declines due to magnetic field applied. The porous medium parameter K has been
studied for the asymmetric channel and endoscope and it has been concluded that the

trapped bolus enhances in both cases.
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Appendix

1 S 1 1
C; = cosh [Kz hl] — cosh [Kz hz], C, = sinh [Kz hl] — sinh [Kz hZ],

1 1 1 1
C; = cosh [Kz hl] + cosh [KZ hz], C, = sinh [KZ hl] + sinh [KZ hZ],

CS=CZ+2KBC3' C6= Cl+2KBC4,
1
C6(:1 - C2C5 C6(1(7 SlTlhKhl + KﬁCOShKhl) l l
= - + K2 coshKZ h
77 (hp = hy)Cs Cs '

1
+ KfsinhK2 h,,

1
C6COShK2_ h1 . 1 hl(C6C1 - CzCs)
=———————5sinhK2 hy — y
’ Cs b (h— ho)CGs
1
C6COShK2_ hz i 1 hl(C6C1 - CzCS)
=——————5sinhK2 h, — )
’ Cs P (e —h)Cs
4 = Fo  (Fo+hy = hy)(CeCy — C,C5)
YT hy—h (hy — h3)Cs '

FoChy + hy)  (Fo+hy —hy)C

A, =— - ’
27 2 —hy) (hy — h2)C,

_ (Fo + hy — hy)Cs

3 CS ’

=_(Fo+h1—h2)

4 (hl - hZ)C7 '
B. = (No_BFo) =(h1+h2)(N0—BF0)
VT oh—hy 2 2(h; —hy)

1 , , 1 , ,

An =5 (A3A5 + AAY), Ay = 5 (A34y + Au43),

1 1
A1z = KZ A1A4; Ay = K2 Al A,
5
A15 = (al (AlAng - A2A4K§)
3 3
"y (—BgA4K7 +B (AlA’3K - A4A’2K7) + BlAgK)

3
— Re (AlA’3K - A’2A4K7)).
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5
A16 = (al (AIA’4K2 ot A3A,2K7>
3 3
.y (—A3B’2K7 +B (AlA’4K - A3A’2K7) + KBlA’,,)

3
3 3
A17 = (llKA13 had A (B;A4K2 + BA,1A4K2) - Re(A13) B
3 3
A18 = alKA14 —A(B1A3K2 +BA11A3K2) _Re(A14) )

1 1 1
A19 = _5(17A18 + 10KA15), AZO = _5(4KA16 + 10K2 A17),

8KZ 8K2
1 1 1
A21 = _S'(ZKA18)ﬁ AZZ = _5(17A17 + 10K2 Alé)’
8K2 8K2
1 1 1
A23 = _5(4KA15 + 10K2 A18)’ A24 = 5 (ZKA17)r
8K2 8K2

Azs = (A19 — Agohy + Az (hy)?)cosh [Kzl h1]
+ (hg = Agshy + Aga(hy)sinh K% hy ]
Aze = (A19 — Agohy + Az (hy)?)cosh [Kzl hz]
+ (Az; — Axzh, + Ay, (hy)?)sinh [Kzl hz].
3
Ay; = K2(A34, — A4A'3).
Ayg = [(AlAgK — AYALK? + 24, ALK — A13h1) cosh [1(2l hl]
+ (AlAi,,K _ AALKY + 2A,ALK — A14h1) sinh [Kzl hl]
+24,,cosh [21(2l hl] + (2A;;)sinh [21(2l hl] .
Ago = [(AlAgK — ALALKZ + 20LA,K — A13h2) cosh [Kzl hz]
+ (AIAZ,K _ ASALKE + 28, ALK — A14h2) sinh [K"Zl' hz]

1 1
+ 2A,,cosh [21(2_ hz] + (2A,,)sinh [21(2_ hz] — Ay,
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1
A30 = (_Azo + 2h1A21 + K(AZZ - A23h1 + A24(h1)2 )) COSh (KT h’l)

1
+ (_A23 + 2h1A24 + K(A19 - AZOh'l + A21(h1)2 )) Sinh (KZ— hl)'

1
A31 - (—Azo + 2h.2A21 + K(A22 - A23h2 + A24(h.2)2 )) COSh (KZ_ hz)

1
+ (_A23 + 2h2A24 + K(Alg - Azohz + A21(h2)2 )) sinh (KZ_ hz),

Azy = (2451 + 2K (—Ay3 + 2h,A5,)
+ K2(Ags — Agohy + Azy(h)D)) cosh (1(2l h)
+ (2434 + 2K(—A0 + 2h,A5;)
+ K2(Az; — Agshy + Ay4(Ry)?))sinh (Kzl hl),

Asz = (24,5, + 2K (A3 + 2hy4,,)
+ K2(Asg — Agohy + Ayy (h)?)) cosh (K'Zl' hz)
+ (24,4 + 2K(=Az + 2h345,)
+ K%(Azz — Agshy + Az4(hy)?)) sinh (Kzl hz),

Azy = BAz; + a1 Az, Ass = BAs3 + a1 Ay,

1 1
A36=K2_C2+K,BC1, A37 =K2_C1+Kﬁ62,
Azg = Az — Az — Asyq — Ass,

Apg = — 2 (F Ay + A ClA“)
39— 27 L~ - - »
(hy —hy) 't T2 TR A
C2A3 - C A 7
Ay = 6 143

C Aze(h—hy)’
1 1 1
A41 = K72 sinh [KZ hl] + Kﬂ COSh [KZ hl]’

1 1 1
A4, = K2 cosh [Kz_hl] + Kf sinh [KZ_ hl],

A, A
Ayz = Ay — ( 23637)'

36

Ass = Aso
Aus = Ao = Ag (72=22),
43 40
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F 1 1
A48 = ?1 —_ A45h1 - A25 — A46 cosh [KZ_ hl] - A47 sinh [KZ_ hl],
Ago = Aye + A19; Asg = Agp + Ay,
3 3
By, = (BB’2A4K7 ~B (BAIA’3K - A4A’2K7) - BBlA'sK),
3
Byy = (BA3B'2K7 -B (BAIA’ K — A3A, Kz) BK BlA’4),
3 §
Bl3 = B (B1A4K2 + BA,1A4 2)

3
By, =B (B ASK? + BA,AsKZ),

_ By 2By, _ By, 2By
Bis == ——= 6= "3
K? K2
_ Bi3 By4

1 1
=2, By= (h1 cosh [KT hl] — h, cosh [Kz_ hz]),
1 1
By = (h1 sinh [Kz hl] — h, sinh [KZ hz]),321
1 1
= (h1 cosh [Kz— h1] + h, cosh [KZ_ hz]),
1 1
B,, = (hl sinh [KZ hl] + hy sinh [Kz hz]),

(N1 — BF;) + By5sCy + B16C; + By7B1g + BIBBZO
h — Iy
B15Cs3 + B1¢Cs + By7B31 + B1gBy; + Byg(hy + hy)
2 ’

By =

By =

A
D, = —Re(A; A1) +§Bz3 — KA,

3 3
D, = —~Re(AA4VK + A{AVK — A3 A3K) + ay (AlAﬁ,,Kf — AYA3K% + A’1A4K7),
D3 = Re(AllA:;K) - alA;_A:;KZ,

3 3
D, = —Re(A;A3VK + AL A3VK — AL ALK) + ay (AIA’3K5 — AYALK? + A;A31<E),
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Ds = Re(AllA4K) - alA'lA4K2,
D6 = 4a1K2A11, D7 = 4a1K2 A12'
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