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ABSTRACT

Title: Analysis of Peristaltic Eyring-Powell Fluid with an Inclined Magnetic Field in a Non-
Uniform Porous Channel

The main focus of this thesis is to investigate the peristaltic transport of an Eyring-Powell fluid in
a non-Uniform porous channel under an inclined magnetic field. The study also takes into
consideration wall properties. The governing equations for the conservation of mass and
momentum for Eyring-Powell fluid in a symmetric channel are introduced. Stream functions are
used to reduce the number of dependent variables of governing PDEs. Perturbation method is used
to solve these equations in order to obtain velocity and temperature profiles. The effects of diverse
parameter on streamlines, velocity, pressure and temperature are investigated. The software

Mathematica is used to create the graphs.
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1.1

1.2

CHAPTER 1

INTRODUCTION AND LITERATURE REVIEW

Introduction

The study of fluid motion and the forces acting on it is the focus of fluid mechanics. Like
all mathematical representations of the real world, fluid mechanics is predicated on a few basic
beliefs about the materials being studied. Interestingly, the concepts of fluid mechanics are not
limited to ordinary liquids and gases; they also apply to a wider variety of materials. If fluids can
be thought of as continuous media, then this field aims to characterize macroscopic fluid flow

and related phenomena. This presumption means that any fluid component with a tiny volume is

large enough to hold a significant number of molecules.

Peristalsis

In fluid mechanics, peristalsis can be defined as the self-propagation motion of fluids that
relies on the wave-like action of contraction and relaxation. Peristalsis is of utmost importance in
multiple domains of life prominently in the functioning of the human body and specific
technological applications. Peristaltic mechanism found in digestive systems, blood circulation,
artificial muscles, insect locomotion, environmental monitoring and pharmaceutical
manufacturing. The mechanism of peristalsis was mathematically presented by Latham [1] who
has investigated the theoretical and experimental results of the movement of urine through the
ureter by using Newtonian compressible fluids. Peristalsis is mostly studied in non-Newtonian

fluids because of its wave-like motion and gradual changes in viscosity and shear stress can



handle these fluids in a more delicate manner.

Later, Shapiro et al. [2] conducted research on the mechanism of peristalsis in situations
involving long wavelengths and low Reynolds numbers. Researchers use these conditions
because low Reynolds numbers represent that inertial effects in flow are negligible and long
wavelengths tell us pressure to be considered uniform. Rani and Sarojamma [3] investigated the
peristaltic Casson fluid transport in a two-dimensional asymmetric channel. It also looked at the
occurrences of reflux and entrapment in symmetric channels, with a particular emphasis on low
Reynolds number and long-wavelength situations. The work of Burns and Parkes [4] involved
peristaltic motion in two-dimensional and axisymmetric cases, adopting low Reynolds numbers
and linearized boundary conditions. Bhatti et al. [5] discussed how peristaltic blood circulation
of Ree-Eyring fluid and wall characteristics were affected by the incorporated effects of
hydrodynamic magnetization and partial sliding. Sucharita et al. [6] investigated the analytical
approaches for peristaltic movement and heat exchange of a Herschel-Bulkley fluid in a sloped

non-uniform duct with wall properties.

Rajashekar et al. [7] analyzed the behavior of blood flow in two layers employing the
Herschel-Bulkley fluid in an axisymmetric tube. They assessed the outcomes using long
wavelength measurements and low Reynold numbers assumptions. The study identifies
differences in flux, dynamics of frictional forces and increase in pressure. It was noticed that the
Herschel-Bulkley model exhibits dissimilar behavior as comparison to alternative Newtonian and
Power-Law models. Mansour and Abou-Zeid [8] investigated the impact of mass and heat
transmission on Williamson fluid's peristaltic flow in the irregular vertical tube. The temperature
rised as the Eckert number (Ec) and Weissenberg number (We) grew, while the concentration
follows an opposite trend. Additionally, axial velocity decreased with the rising Eckert number,
Gasthof number, and modified Grasthof number while it increases with increasing Schmidt
number (Sc) and Sherwood number (Sr). Baligha et al. [9] examined how Herschel-Bulkley fluid
flow in a tube was affected by temperature and velocity slip. They discovered that frictional forces
behave differently with temperature and that the pressure rise in a fluid under peristaltic forcing
higher than in a fluid. Puranik et al. [10] analyzed the effects of a Newtonian fluid in peristaltic



flow through impermeable eccentric cylinders by using perturbation technique. They found that
as the Grashof number rises, velocity, pressure gradient and temperature also rise in eccentric

cylinders relative to concentric ones.

1.3 Eyring-Powell Fluid Model

Eyring and Powell created the Eyring-Powell fluid model in 1944. The behavior of fluid
flows in the endoscope was studied by Akbar et al. [11] to understand the levels of shear stress
and interaction with heating mechanisms. Although the model of Eyring-Powell fluid is
mathematically an intricate model, however, it is favored above alternative non-Newtonian
models primarily for two reasons. Firstly, this model is created using the liquids kinetic theory
except from the power law model which is used in non-Newtonian fluids. Secondly, this model

illustrates the nature of both Newtonian and non-Newtonian fluids for low and high shear rates.

This model can be utilized in certain circumstances to explain the viscoelastic behavior of
polymer solutions, viscous suspension across a broad range of shear rates, molecular diffusion,
and lubrication technology. Modeling peristaltic transport in a variety of applications requires the
use of Eyring-Powell fluids, which exhibit shear-thinning behavior and are non-Newtonian fluids.
Their excellent representation of the rheological characteristics of fluids subjected to peristaltic
motion enhances biological and medical device predictions. This is crucial for the administration
of medications, gastrointestinal functions, and prosthetic organs. Eyring-Powell fluid models help
us better explained and conduct peristaltic transport overall. This model helps in understanding
the fluid dynamics included in food propulsion through the digestive system, contributing to
better insights into nutrient absorption and digestion. Qasim and Noreen [12] had examined the
peristaltic transport of incompressible magneto hydrodynamic Eyring-Powell fluid in the planar
channel. Khan et al. [13] looked at the way entropy formation influences a steady, non-Newtonian
Eyring-Powell fluid in two dimensions in a permeable channel by employing homotopy analysis
and shooting technique. It was noticed that the Bejan number had a minimum value at the top
plate and a maximum value at the middle of the channel, and that the Eyring-Powell fluid

characteristics limit the flow.



Ahmad et al. [14] created a mathematical model for the Peristaltic Powell-Eyring
nanomaterial and studied the transfer of mass and heat with a magnetic field. Applications of this
paradigm include enzymatics, thermal technology, medicinal research, and cancer therapy. Igbal
et al. [15] analyzed the effect of various factors on viscosity properties and peristaltic flow of
Powell-Eyring nanofluid. The outcome revealed that changes in fluid properties, heat sources,
and sinks increase heat transmission rates, concentration dispersion, and mass transfer rates.
Bhattacharyya et al. [16] examined mass transfer and heat characteristics of the Eyring-Powell
fluid's peristaltic transit in a uniform or non-uniform conduit while taking Joule heating and wall
flexibility into account. M.Gudekote et al. [17] investigated the peristaltic flow properties of an
Eyring Powell fluid through a non-uniform channel. Variable viscosity, variable heat
conductivity, and slip were all taken into account in the research. Akbar et al. [18] discussed the
thermodynamical analysis for dynamic Powell Eyring magneto nanofluid enhanced peristaltic
movement with mass transfer in electroosmosis. The electro-kinetic pumping phenomena when
combined with the peristaltic phenomenon enhances the efficiency of smart pumps for medical

and nanotechnology applications.

Nadeem et al. [19] included Al20s3 for the porosity (V) parameter and studied the non-
Newtonian viscoelastic Eyring Powell Nanofluid's mathematical behavior. M.Boujelbene et al.
[20] investigated the transport of Eyring-Powell fluid peristaltically over a uniform conduit. The
study was carried out with wall characteristics present and varied liquid properties. Akram et al.
[21] examined that in an asymmetric channel with magnetic flux, partial slip influnces Eyring-
Powell nanofluid double diffusion convection on peristaltic flow. Choudhari et al. [22] used a
non-Newtonian third-grade fluid to model the peristalsis process while taking into account the
fluid's properties, electroosmosis, slip, and chemical interactions. It looked at how variations
affect concentration, temperature, velocity, and trapping. Yasin et al. [23] investigated the strong
force fields while examining the effects of Slip and Hall current on MHD Eyring-Powell fluid

transfer.



1.4

Porous medium

Materials that are porous, such as rocks or sponges, are full of microscopic voids. Water,
air, and other materials can be contained in these areas. Filters and several other processes depend
on them, as does groundwater flow. The analysis of fluid mechanics by using porous media is of
significant importance in different technological fields including biological applications. Porous
mediums are used in fluid mechanics due to their ability to change the behavior of fluid flows in
different ways. It can enhance heat and mass transfer, reduce drag in fluid flow, used for filtration
and separation processes.

Darcy [24] defined the flow rate in the porous material. He looked at the resistance factor
caused by the porous medium’s permeability experimentally. Funmilay and Moses [25]
investigated heat exchange by naturally occurring convection on an unstable magneto
hydrodynamic stream of non-Newtonian fluids using a porous channel. Nazeer et al.[26] analyzed
the thermal transportation of the Jeffrey fluid in a porous media with pliable walls and discovered
that radiation modifies temperature profiles and lowers fluid velocity by adding thermal energy.
M. Eldesoky et al. [27] examined the viscous Maxwell fluid's peristaltic motion in a porous media
and found that reverse flow and net flow rate were highly influenced by physical characteristics.
Javed et al. [28] examined how biological fluid flow in curved channels was affected by porosity.
They discovered that sinusoidal waves boost porosity effects, increasing effectiveness and
opening up new bioengineering possibilities for chemical processes and medication delivery
systems. Noreen et al. [29] looked at how an inclined magnetic field affected the heat transfer
behavior of Carreau fluids in an inclined asymmetric channel. It approximates solutions to
complex problems by using perturbation techniques. The study reveals temperature properties
and velocity distribution control, which was useful in the design of peristaltic pumps for non-
Newtonian physiological liquids.

Ahmed et al. [30] analyzed the characteristics of heat and mass transport in an asymmetric
porous channel while a nanofluid is peristaltically flowing with the effect of magnetic and adding
temperature-dependent viscosity. Vijayaragawan et al. [31] examined the peristaltic motion of a

Jeffrey fluid in a permeable medium while taking into account the fluid's graphical
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representations, velocity slip parameters, and an external magnetic field. Jagadesh et al. [32]
studied free convective peristaltic pumping of a Casson fluid. This study reveals that increasing

Casson and magnetic parameters enhances heat transfer rate and streamlines.

Magnetic Hydrodynamics

In the domain of fluid mechanics, MHD investigates the dynamics of liquid metals, ionized
gases and electrically conducting fluids under the influence of magnetic fields. The interaction of
magnetic field with electrically conducting fluids create a vast domain for investigation and
inventive advancements. Researchers use MHD to examine the diverse array of phenomena with
applications extending from biomedical applications to space exploration. Applications for
magnetohydrodynamic flows are many and include cancer therapy, materials processing,
biomedical flow control, MHD energy generators, MHD drug targeting, magnetofluid rotary
blood pumping, and separation devices. Devakar et al. [33] analyzed the effects of magneto
hydrodynamics on peristaltic movement of couple stress fluid by using two concentric inclined
channels, one in endoscope and other has traveling down its wall. It was observed that the
magnetic push opposes the flow, and the peristaltic flow's pumping rate increases as the tube
moves from horizontal to vertical. Khan and Rafaqgat [34] explored the peristaltic flow caused by
surface acoustic waves and its implications in geophysics and the aircraft industry, using
magnetohydrodynamics (MHD) and heat transfer in compressible fluids.

Nabil T. M. El-Dabe et al. [35] examined the heat radiation and Ohmic dissipation effects
of the MHD cyclical flow of a stable, incompressible power-law nanofluid in a non-Darcy porous
medium.Rafiq et al. [36] discussed the activation energy’s impact, variable characteristics and
magneto hydrodynamics on the Jeffery fluid’s peristaltic flow using porous wall channel. The
study offered that the current analysis may be applied to investigate numerous human
physiological systems specifically, the blood flow. Abd-Alla et al. [37] examined the impact of

heat and mass transfer on the magneto hydrodynamic Jeffery nanofluid’s peristaltic flow through



inclined symmetric channels with porous media. Hayat et al. [38] looked at the MHD hybrid
nanomaterial’s peristaltic movement in an asymmetric porous channel. Convection, radiation,
dissipation, and Hall current were all taken into account when building the analysis. Hafez et al.
[39] explored how heat and mass transfer affect a Casson fluid's hydro-magnetic peristaltic flow
in a system that was inclined and rotated. Mathematica software was used in the study to examine
numerical findings and equations. The findings indicate that while the permeability parameter

increased the confined bolus size, velocity slip reduces it.

Tanveer et al. [40] examined the entropy generation phenomena that results from a
peristaltic process on a curved surface. In this study, the effects of changing viscosity, convective
circumstances, and MHD on the governing system of equations was used. Hussein and T.Eldabe
[41] investigated the peristaltic flow under the effect of variable electrical conductivity along a
vertical asymmetric channel equipped with a third order magnetic nanofluid model immersed in
a permiable material. J. Igbal and F. M. Abassi [42] investigated the features of
magnetohydrodynamics (MHD) peristaltic transport by taking into account the characteristics of
aluminum and zinc oxide nanoparticles floating in water via an asymmetrically bent conduit.
Magesh et al. [43] used asymmetric channels, magnetic fields, gravity, and graphical

representations to study the peristaltic transport of an Oldroyd-B fluid in an inclined channel.

Tanveer and Jarral [44] looked at the effects of inclined magnetohydrodynamics (MHD)
with slip boundary conditions in a tapered asymmetric porous channel with peristalsis. It
displayed physical properties and generates numerical solutions using Mathematica software. In
peristaltic flow for non-Newtonian Jeffrey fluid, the research emphasized the interaction of Joule
heating, Darcy resistance, and tilted magnetic field effects. Y.Elmhedy et al. [45] looked at the
impact of magnetic fields and heat transfer in peristaltic flow of a model of a Rabinowitsch fluid
in an inclined channel. It used an incompressible Rabinowitsch fluid to study peristalsis with heat
transmission when a magnetic field is present. Computational simulations were used in the study

to examine flow rates as well as the effects of magnetic field and heat transfer factors.



1.6

Non-Uniform Channel

In the context of fluid dynamics, a non-uniform channel defines a conduit through which
fluid flows, showcasing changes in shape, area and other features along its length. This variation
in geometry tells the difference between non-uniform and uniform channels, where cross
sectional properties remain unchanged. In Biological systems, Peristaltic motion is a common
way of fluid conveyance. The geometry of these systems is mostly non-uniform, providing
researchers better means to replicating fluid behavior within a biological framework. Akram et
al. [46] analyzed the impacts of warmth and concentrated fluctuation on the non-uniform inclined
channel peristaltic transport of nanofluids.R Shukla et al. [47] examined the influence of the
roughness parameter on a Newtonian fluid's peristaltic movement in an irregular channel with a
sinusoidal shape has been investigated. The flexible characteristics of the liquid, analytical
findings for the unstable motion of a Rabinowitsch fluid were derived by C Rajashekhar et al.
[48].

It is believed that the Rabinowitsch fluid flows via an inclined, non-uniform channel and
originates in both homogeneous and heterogeneous chemical processes.Khan et al. [49]
investigated how Double diffusive convection and an angled magnetic field in nanofluids
influence the peristaltic pumping of fourth-grade fluid in non-uniform channels. It was observed
that increased thermophoresis effects decreased fluid viscosity, lowering the percentage of less
dense nanoparticles, but elevated Brownian motion increased nanoparticle density and therefore

the nanoparticle fraction.

Ibrahim and Abou-zeid [50] examined the mixed convection magnet Nano's flow
mechanism in Prandtl fluid, offering information for the use of drug-carrying systems in hypoxic
tumor environments. Manjunatha et al. [51] analyzed how the Jeffery fluid’s flow in a non-
uniform conduit was affected by mass and heat transfer. Concentration profiles enhanced the
confined bolus volume, but variable viscosity raised the temperature, velocity, and Nusselt

number fields.



1.7 Contribution to thesis

A thorough analysis of Hina's work is included in this thesis. It investigates the effects of
the partial slip, wall characteristics, and magnetic field on the Eyring-Powell fluid's peristaltic
flow. Important influences of viscous dissipation are investigated in the formulation in
mathematics. With the long wavelength and low Reynolds number conditions met, a perturbation
solution is obtained. The computational study was performed using Mathematica software, and

the findings will be shown graphically.

1.8  Thesis Organization

The material below provides a clear overview of the thesis' contents.

Chapter 2 presents basic concepts and dimensionless parameters that are utilized to obtain

numerical results for the flow problem.

Chapter 3 provides the review of work done by Hina [55] which gives thorough analysis of

the heat transmission, slip conditions, and wall properties associated with MHD peristaltic flow
of Eyring-Powell fluid.

Chapter 4 extends the review work by considering the impact of inclined magnetic field on the

Eyring-Powell fluid peristaltic motion in a non-uniform permeable medium.

Chapter 5 concludes by discussing the overall study project and the potential applications of

the findings for future work.

In the end, all the references utilized in this research are listed.
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CHAPTER 2

Basic Definitions and Concepts

Basic definitions and instructions are provided in this chapter to aid readers in understanding the

analysis.

2.1 Fluid mechanics

The study of mechanics is concerned with the influence of forces on bodies which we
experience in both nature and technology. It has been divided into statics and dynamics.
Stationary bodies fall under the category of statics whereas bodies in motion are concerned with
dynamics. The study of the effects of forces on fluids (at rest as well as in motion) is known as
Fluid Mechanics. In multiple domains of life, fluid mechanics plays a significant role in fostering

progress and maximizing efficiency.

It has been applied in such areas as designing vehicles, predicting weather patterns,
developing flow measurement devices, the aerodynamics of large buildings, and understanding
the behavior of biological fluids such as blood, air or synovial fluid. There are two methods to

study fluid mechanics: Macroscopic and microscopic methods.
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In the microscopic approach, we study the behavior of fluids on the molecular level while
in the macroscopic approach, we study the average behavior of fluids. Mostly, Fluid mechanics

IS supposed to describe at the macroscopic level, [52].

2.2  Fluid

In simple words, Fluid can be defined as “any substance which can flow”. A precise
definition of a fluid is that it is a substance that undergoes continuous deformation irrespective of
how negligible shear stress may be. Two categories of fluids exist. Liquids have a constant
volume and are made up of molecules that are packed relatively closely together with strong
cohesive forces. In contrast, the molecules in gases are widely separated, have no defined volume,
and very little cohesive force, [52].

2.3 Properties of fluids

A system's features are referred to as its properties. A system is characterized as a group of
objects having an established identity that interact with their environment. Here, fluid is taken to

be a uniform, continuous substance devoid of small pores, [52].

2.3.1 Dimensions and Units

Dimensions are defined as the degree to which the physical quantity is expressed by
raising the fundamental quantities. Mass, length, and time dimensions are denoted by the symbols
[M], [L], and [T], respectively. Units are the indeterminate magnitudes that are attributed to

dimensions.
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2.3.2 Density

Density is a term used to express the relationship between the volume (or amount of space)
occupied by an item or substance and its mass (or quantity of stuff it contains). Density can be

expressed as p,

mass m

p= volume V'

Sl unit for density is % and dimension is [ML3], [53].

2.3.3 Pressure

Pressure is the force that a thing applies to another. The force exerted on the item is per unit
Area and perpendicular to its surface, [53]. P is the one who represents it.

Force F

"~ Area A

Sl unit of pressure is iz and dimension is[ML™1T1].
m

2.3.4 Specific Heat

Specific heat is the amount of heat energy required to increase the temperature of a substance
by one degree for a unit mass. Constant pressure (C,) and constant volume (C,,) are the two forms

of specific temperatures, [53].

2.3.5 Thermal Conductivity

The capacity of a substance to transfer heat, or how well it permits heat flow under

temperature gradients, is measured by its thermal conductivity, [53]. It is represented by k.
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Greater values correspond to improved heat conduction.
QL
=T
here Q denotes flow of heat per unit time, Cross-sectional area is represented by A and

AT represents difference in temperature. Thermal conductivity’s SI unit is ksg;:.

2.3.6 Heat Flux

Heat flux is a measure of how much heat moves over a surface in a specific amount of

time. It is the rate of heat transfer across a surface per unit area. It is represented by g. Watts per

w, - .
square meter (ﬁ) is the unit of measurement.

2.3.7 Thermal Diffusivity

A fundamental feature that characterizes a fluid's capacity to transfer heat in relation to
its capacity to store thermal energy is called thermal diffusivity. It is defined as the thermal
conductivity (k) is divided by the the product of the specific heat capacity and fluid's density (p)

at constant pressure (C,), represented by a.

2.3.8 Viscous Dissipation

In fluid mechanics, [54] the term "viscous dissipation™ describes the process by which
internal friction in a moving fluid transforms mechanical energy into heat. It results from the
dissipation of kinetic energy caused by viscous strains brought on by fluid velocity gradients. The
terms that indicate the rate of energy dissipation per unit volume in various directions inside the

fluid are used to mathematically characterize this process.



14

2.3.9 Viscosity

Fluid resistance to flow is measured by a property called viscosity. There are two types of
viscosity. Dynamic and Kinematic Viscosity. The reluctance of one fluid layer to slide on top of
another is known as dynamic viscosity. The fluid's dynamic viscosity is divided to its density is
known as kinematic viscosity, [54].

2

u represents dynamic viscosity. SI unit of dynamic viscosity is % and its dimension is
[ML~1T~1].

2
Kinematic viscosity is represented by v. Sl unit of kinematic viscosity is mT and its dimension is

[L2T~1].

2.4 Newton Law of Viscosity

It asserts that the rate of shear strain and the shear stress on a fluid elementary layer are
exactly proportionate [53]. The viscosity coefficient is the same as the proportionality constant.

Mathematically, it is expressed as

du
T= M@,

where T represent shear stress, dynamic viscosity is represented by u and Z—; is the gradient of

velocity perpendicular to flow direction.

2.5 Newtonian fluids

Newtonian fluids can have constant viscosity, and there is a linear and direct relationship
between shear stress and deformation rate. Newtonian behavior is observed in fluids where

particle interaction does not influence flow behavior. Examples are water and air [53].
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2.6 Non-Newtonian Fluids

Non-Newtonian fluids have variable viscosity according to their situation and stress-
deformation rate nonlinear connection, [53]. These fluids are also known as second-grade fluids.
These fluids change their flow behavior under different conditions. Examples are toothpaste and

ketchup.

2.7  Navior Stocks Equation

The Navier-Stokes equations determine how fluid materials move.The flow of
compressible and incompressible fluids is governed by a system of nonlinear partial differential
equations. The equations have the names of the two individuals who independently created them
during the 1800s: George Gabriel Stokes and Claude-Louis Navier.

Mathematically,

ov 5
p(a+v.Vv)= —-Vp + uV<v + f,

where, p denotes density, v represents velocity vector, p be the pressure and f represents external

force acting on a fluid, [54].

2.8 Law of Conservation of mass

The law of mass conservation in fluid mechanics explains that the total mass of a fluid
passing through a closed system does not change over time. According to this theory, mass can
only change in form or be redistributed within the system—it cannot be generated or lost. When
examining fluid flow processes, it acts as a fundamental guideline that guarantees mass continuity

throughout the system, [52].

2.9 Law of Conservation of energy

According to fluid mechanics, the total energy in a closed system of moving fluid stays
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constant throughout time. This is known as the law of conservation of energy. Although energy
can take on several forms, such as kinetic, potential, or internal energy, its overall value never
changes. This idea directs fluid flow investigations, making sure that energy transformations are
taken into consideration in computations and models, [54].

2.10 Velocity Field

In a given space, the distribution of particle or fluid element velocities is described by a
velocity field. Every point in the field is represented by a vector that shows the motion's direction
and speed. Fields are crucial to several branches of physics, including as general relativity,
qguantum physics, and electromagnetic. In many branches of research and engineering, these
mathematical domains may be utilized to represent and examine physical phenomena. There are

three types of fields. Scalar, vector and tensor fields.

2.10.1 Scalar Field

A scalar field describes the distribution of a scalar quantity by giving each point in a space
a single numerical value. Scalar quantity is one which have only magnitude. Scalar fields are
essential to the representation of scalar characteristics in fluid mechanics, such as temperature

and pressure.

Since they provide a thorough understanding of the distribution of these variables within a fluid.
They support forecasts and optimizations in a variety of engineering applications by assisting in

the analysis of fluid flow.

2.10.2 Vector Field

A vector field shows the variation in space as well as the direction of an intrinsic property,
such force or velocity, by assigning a vector to each point in a given region. Vector field have
both magnitude and direction. Vector fields are important for the study of fluid mechanics

because they allow the representation and analysis of fluid forces, velocities, and flow patterns.



17

They make it easier to comprehend fluid behavior, which helps with the design and improvement

of technical applications like fluid flow in pipes and aerodynamics.

2.10.3 Tensor Field

A mathematical concept called a tensor field, which gives a tensor to every point in a space,
Is frequently used to simulate and examine the distribution of physical variables in several
dimensions. Tensor fields are used in fluid mechanics to characterize and examine intricate
physical phenomena including fluid flow, stress, and strain. They offer a thorough depiction of

the spatial variation and interplay of various variables inside a fluid.

2.11 Stress

The force per unit area that fluid particles apply to a surface inside the fluid is referred to
as stress. External pressures applied to an object within the material itself might result in stress.
It is made up of normal stress, which operates perpendicular to the surface, and shear stress, which
acts parallel to the surface, giving information on the distribution and influence of forces in the

fluid. Stress is represented by o.

Force

Stress = o0 = .
Area

The Sl unit of stress is —;, [54].

N
m

2.11.1 Cauchy Stress Tensor

The stress within a material at a particular position is described by the Cauchy stress
tensor. It is essential for assessing and forecasting the mechanical behavior of materials under
diverse circumstances and pertains to the force per unit area operating on numerous planes at that

moment. The components of Cauchy stress tensor represents normal and shear stresses, [54].
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2.11.2 Extra Stress Tensor

In fluid mechanics, the extra stress tensor is especially employed to account for
additional stress contributions caused by fluid motion, [54]. The constitutive equations that
control the connection between stress and strain in a fluid frequently include the extra strain

tensor.

2.12 Flow

"Flow" in fluid mechanics describes the movement of a fluid, which can be either a liquid
or a gas, [54]. Understanding fluid flow is essential to comprehending how fluids behave and
interact with their environment. Analysis of the fluid's temperature, pressure, density, and
velocity distributions as well as the forces and energy involved in the fluid's motion are all part
of the study of fluid flow.

2.12.1 Stream line

Imaginary lines called streamlines show the routes taken by fluid particles as they pass
through a fluid. The direction of the fluid velocity at any given position is indicated by the tangent

to the streamline [54].

2.12.2 Steady Flow

Fluid flow that exhibits constant velocity, pressure, and other flow rates over time is
referred to as steady flow. Every area of the flow experiences homogeneous fluid properties and
a steady flow rate, and the parameters of the flow are stable throughout time. An accurate estimate

for fluid systems in equilibrium is steady flow, [54].
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2.12.3 Unsteady flow

Unsteady flow is the one in which properties like velocity, pressure are vary with time. It
involves periodic fluctuations, happening throughout dynamic processes, temporary situations,
or exogenous disruptions, comparing with steady flow when fluid characteristics stay constant
over time, [54].

2.12.4 Laminar Flow

Laminar flow is a kind of fluid flow where the fluid moves smoothly or along predictable
patterns. It usually occurs in small, very viscous pipelines with low fluid velocity. It is
characterized by a constant, regular flow that is usually seen at low speeds and in circumstances
when the fluid's viscosity outweighs the effects of inertial forces, [54].

2.12.5 Turbulent flow

According to fluid mechanics, turbulent flow is the chaotic, erratic movement of fluid
particles characterized by variations in density, pressure, and velocity. When inertial forces
outweigh viscosity, it often occurs at greater velocities and involves intricate vortices, eddies, and

mixing between neighboring layers, [54].

2.12.6 Uniform Flow

In fluid mechanics, a fluid motion that is steady and constant with a velocity that doesn't
change over time or across a cross-section is referred to as uniform flow. For conceptual ease,
this condition—which assumes a constant density—is frequently employed in fluid mechanics
investigations as a simplifying assumption. Uniform flow is appropriate for long straight lengths

in open-channel flows with little acceleration or deceleration effects, [54].
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2.12.7 Non-Uniform flow

Non-uniform flow describes a situation in which the fluid's velocity changes at various
points within the flow, either throughout the cross-sectional area or along the channel's length.
Non-uniform flow involves variations in pressure, density, and/or velocity over time and space.
This kind of flow is typical in natural water courses, pipes that have varying diameters, and other

scenarios where fluid velocity is affected by friction, obstructions, or geometric changes, [54].

2.12.8 Compressible flow

Compressible flow refers to major variations in temperature, pressure, and density which
impact the fluid's volume. For high-speed situations such as aerodynamics, compressibility effects
become significant, whereas incompressible flow implies small density fluctuations. This is why this
kind of flow is important. Understanding compressible flow is very important when examining how

gases behave while traveling at high speeds, [52].

2.12.9 Incompressible flow

Incompressible flow describes the flow of a fluid in which small variations in density
occur. The fluid's density keeps almost constant in these flows, and changes in temperature and
pressure rarely affect the fluid's volume. Incompressible flow is frequently used to analyze low-
speed gas flows or liquid flows, which makes mathematical computations easier to understand

and offers a helpful approximation in a variety of fluid dynamics and engineering settings, [52].

2.13 Heat Transfer

In fluid mechanics, the act of transferring thermal energy between two fluid regions a liquid
or a gas or between a fluid and its solid boundaries is referred to as heat transfer. Numerous
technical applications, including as the design and analysis of heat exchangers, boilers, cooling

systems, and many other thermal systems, depend heavily on this phenomena, [53].

There are three modes of heat transfer.
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2.13.1 Conduction

Thermal energy can move through a material or between two materials that are in direct
contact when using this type of heat transfer, [53]. Conduction happens in fluids but is typically
less important than in solids. For instance, heat conduction can occur across solid-fluid

boundaries or within a fluid.

2.13.2 Convection

Convection is the movement of fluid particles carrying heat, and can be forced by external
sources like fans or pumps, or it can happen naturally as a result of floatability brought on by
temperature changes.

2.13.3 Radiation

Heat is transferred by electromagnetic waves and is known as radiation. Despite not
needing a solid medium to propagate, fluid systems can nonetheless experience it. Thermal
radiation is both absorbed and emitted by fluids. Radiation may become an important heat

transmission method in some situations, such as hot regions.

2.14 Dimensionless numbers

2.14.1 Prandtl number

The Prandtl number Pr, which is dimensionless in fluid mechanics, indicates how
important thermal diffusivity is in relation to momentum diffusivity (viscosity) in a fluid. It bears

Ludwig Prandtl's name, a German scientist and engineer.
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kinematic viscosity
Thermal diffusitivity’
v
pr— 1/p

Prandtl number =

ar  k/pCy
HGyp

Pr=-2"

Tk

2.14.2 Reynolds number

In fluid mechanics, the Reynolds number, or Re, is a dimensionless variable that is used
to forecast flow patterns in various fluid flow scenarios. It bears the name of Osborne Reynolds,
an Irish physicist who first proposed the idea. The Reynolds number, which is a measure of the
ratio of viscous to inertial forces, aids in identifying the laminar, transitional, or turbulent flow
type inside a fluid. Viscous forces

Inertial forces
Reynolds number =

Viscous forces’
_pv?/L vl

Re = = —
¢ uv/L v

2.14.3 Eckert number

The Eckert number (Ec) represents the ratio of kinetic energy to enthalpy change in a
fluid flow, a dimensionless metric. It can be defined as the relationship between the fluid's kinetic
energy and the convective heat transfer rate. The Eckert number is helpful in examining how
kinetic energy affects heat transfer and is frequently used in research involving high-speed flows.

CZ

2.14.4 Brinkman number

In the processing of polymers, the Brinkman number (Br) is a dimensionless quantity

that is associated with heat transfer through a wall to a viscous fluid in motion, [54]. It bears the
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name Henri Brinkman in honor of the Dutch mathematician and scientist.

pu®

a k(Tw - TO)
where u, k, T,,, T, are dynamic viscosity, thermal conductivity, wall temperature and bulk fluid

Br = PrEc,

temperature.

2.15 Basic Equations:

2.15.1 Equation of Continuity:

According to the continuity equation, the rate of mass flow into and out of a particular
region, plus any buildup within the zone, must equal one another.
Mathematically,

dp
V.(pV) + - =0.

For incompressible fluids, when density remains constant.
V.V =0.

2.15.2 Momentum Equation

This equation is derived from Newton 2" law of motion. According to this equation, an

object's net force is equal to the product of its mass and acceleration, [53].

The momentum equation for an incompressible fluid can be expressed as

W _ v + pb
p=; = divt + pb.

da . . .
p d—’: represents local rate of change of momentum with time. divt represents surface force and



24

pb represents body force.

2.15.3 Energy Equation

It is derived from first law of thermodynamics. This law states that “The quantity of heat
energy introduced to a thermodynamic system less the work the system does on its surroundings

is the increase in internal energy of the system”, [53].

dT

d—tz—dwq+‘r.l.

PGy
pcp% represents total internal energy, —div q represents heat flux, .l denotes viscous

dissipation.

2.16 Perturbation Method

Perturbation method is used to estimate solutions to problems that are hard to solve
directly. These techniques have two main applications. First, simulating real-world applications
like high Reynolds number flow that inherently provide such a small parameter. One of the main
reasons perturbation methods are a mainstay of applied mathematics is that this type of

application is rather widespread.

In addition with numerical techniques, perturbation methods are used in a second
way. There are two main disadvantages to numerical calculation, despite the fact that computed
solutions to a problem can be quite accurate and available for very complicated systems;
perturbation methods can assist with both of them.

When performing numerical computations, there is always a chance that the code is
incorrect. One useful check is to drive one or more of the problem's physical parameters to
extreme values and contrast the numerical outcomes with a perturbation solution calculated when

that parameter is small (or large).
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CHAPTER 3

MHD Peristaltic Transport of Eyring-Powell Fluid with Heat/Mass
Transfer, Wall Properties and Slip Conditions

3.1 Introduction

This chapter provides a detailed review of the research work done by S.Hina [55]. The
objective of this work was to investigate the influence of mass and heat transfer occurring
simultaneously on the peristaltic transport of Eyring-Powell fluid while taking slip effects and
wall features into account. The problem formulation also takes into account viscous dissipation
effects. A regular perturbation strategy is used to derive the series solutions of the generated
differential systems. The heat transfer coefficient, stream function, temperature, axial velocity,

and concentration are obtained, and the findings are described graphically.

3.2 Mathematical Formulation

This paper showed how heat and mass transfer affect Eyring-Powell fluid peristaltic flow
in a 2d, wide channel. The study takes into account the concentration slip, temperature jump
condition, and velocity slip. The velocity is made up of two components: v is the transverse
element in the y-direction and u is the axial element in the x-direction. The wave's shape develops

alongside the walls:

y*=4nx*t) =+ [dl + asin%n(x* — ct*)], (3.1
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where, d, stands for the mean half of the channel's width, A for the wavelength, ¢ for the velocity

of peristaltic wave, and t for the time.
Shear in non-Newtonian flow is studied using the Eyring-Powell fluid model.

The fluid model of Eyring-Powell has a stress tensor that is

T= [,u + %sinh_1 (éy) Al],

Y= /%tr(Al)Z , Ay =(gradV)+ (grad V)T,

where sinh™! can be expanded upto second order.

i _ 1 3 5
smhl(—y)zl—y—3, Y <<1
c c3

1

here, B and c; are the Eyring-Powell fluid parameters, while p is the dynamic viscosity.

__|ox* oy T _ |9x* 9y*
gradV=/[. .. and (grad V)" =, 5,
ax* oy* ax* oy*

ou* u*  ov*

A ax* ay* ax*
= jaw e f
aox* = 0y* ay*

r= 2@ + (2 2) 42 ()

The components of stress tensor are

* N\ 3 * * %\ 2 * N\ 2
1 \ou 2 ou ou* (ou v ou* (dv
Tarxt = (‘Ll + E) axt 6Bcf [2 (%) + ox* (ay* + ax*) +2 ox* (6y*) ]'
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3.3)

(3.4)

(3.5)

(3.6)

(3.7)

(3.8)
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(3.9)

=2 (1) 2 2+ ) 2 )] a0

The governing equations to describe the flow problem for the fluid model Eyring-Powell is

provided as
Equation of continuity is given as :

ou* av*
=0, (3.11)

The x-component of momentum equation is given as

(6u* o ou* N E)u*) _ op’ N ( N 1 > 0%u* N 0%u*
P\lac ™% ax T Vay) T "o T BT e N\ax? T a2
2

1 0 2<6u*>2+2<6v*) +(6u*+6v*>2 ou*
3Bc3 ox* ox* oy~ oy  0x*) )ox*

e 2 +2 () + G i) G 52| - ossu 3.12)

The y-component of momentum equation is as under
(av* o ov* o 017*) _ 0p° N ( N 1 ) 0%v N 9%v*
P o T o TV 9y ) T "oy T \H T B )\ a2 dy*?
1 0 ) (au*)z 42 (av*)z N (au* N 617*)2 av*
3Bc3 ay* ox* y* dy*  dx*/) ) ox*

o O RECoRC o O B
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T+ =To Cps5 =Co  at y =4,
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The energy equation is given as below
c (6T+ oT OT)_k 62T+62T +( N 1 > 4(6u*>2+<6u*
Prr\ac T “ox T Yoy ) T "\oxZ Ty 2) T\ T ge ) [T oxe Iy
2 (au*)z ) (au*)z +2 (av*)z N (c')u* 617*)2
3Bc3 \ox* ox* oy* oy*  0Ox*

1 ou* v\ 2 our\? av*\2 aur . av\?
" 6pct (ay* + ax*) {2 (ax*) +2 (ay*) + (By* + ax*) }'
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+

And the concentration equation is described as

oc GEI GEI
=D (57 +5,7)
at* dx*? + ay*? +

. 9c
ax*

<« 0C
ay*

+u

DKy [ 02T 2T
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+

av*>2
dx*

(3.14)

(3.15)

Here p is the density, Electrical conductivity of fluid is represented by o , 8, represents applied

magnetic field, C, is specific heat, D is the coefficient of mass diffusivity, T, is the mean

temperature, K thermal diffusion ratio, C is concentration of fluid.

The boundary conditions are of the form

+d6 _( N 1) E)Zu*+62u* -
ot )T\ Becy /\ax*?  ay*? ohou

)

(3.16)

2
+22) }zo] at y*=+n, (3.17)

(3.18)
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where 1 is elastic tension, d is wall damping coefficient, m is plate mass per unit area, T,, C, are
temperature and concentration at walls, §;, B,, B; are temperature, concentration and velocity

slips.

Let us now provide the stream function 1" as

w= oy*’ VT T
and the dimensionless quantities are:
x* * ct* *d? 1 d
X =—,Yy lp_lp __)p:p 1FB: F6:_1’
A d, A cAu uBcy A
BCZ pCdl T - TO o ,LLCP
A=_1R = 19= 1M2= - dIP =,
2dic? T To /Jﬁo L=
c? a3 mcdf dd3 ﬁl
Ec = JEL = = JE — (i=1-3
c CpTO 1 13,[16' 2 13# ﬁl (l )
_ K _a __ PDKTTy
Sc = Dp,E— @ S, = Tl (3.19)

The Eyring-Powell fluid model's material parameters are B and A, Wave number is
represented by o, wall elastance measure E;, parameter of mass per unit area is E,, and wall
damping value is E;. Prandtl number (Pr), Eckert number (Ec), Schmidt (Sc), Soret (Sr),
Reynolds (Re) are all dimensionless numbers and temperature distribution and mass

concentration are given by 8 and ¢ respectively.

Once the stream function is introduced, the continuity equation is immediately met. First,
we non-dimensionalize the system and then apply the lubrication approach. The rulling equations

are reduced in following factors.

o _ 0% 40 (%) p00
=+BTE-L2(2E) -m2 2, (3.20)
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R 226
377 + ScSr 37 = 0,

and the boundary conditions are:

? g P g0, _ Py _40
(Bvgm + Bogz+ Esge)n = (1+B)5; 3ay(

0

ANl _
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dy? ay’

oy 2%y _a(0*9\’] _ 2 _ o9 _ _
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Combing equations (3.20) and (3.21), we get the compatibility equation

ot _ 407 (92N} a0t
(1+B) (55) -m23¥=0.

3.3  Solution Methodology
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(3.21)

(3.22)

(3.23)

(3.24)

(3.25)

(3.26)

To identify the system's solution involving the small Eyring-Powell fluid perimeter A,

use the perturbation approach.

Y =1+ AP, +0(A)? + -,

(3.27)
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3.3.1 Zeroth Order System
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3.3.3 First Order System

s 107 (0%o)° ) p 0% _
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(3.28)
(3.29)

(3.30)

(3.31)

(3.32)

(3.33)

(3.34)

(3.35)

(3.36)

(3.37)
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and the corresponding boundary conditions:

93 10 (92> a2
BRI Dm0 wy -ty oo

691_0
- Y

21 Py 1 mj_ 26,
bp|a+mil-1(2L) ] =0,6,45,% 550

dy? 3\ dy?

a
911352 =0 aty = +n.
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3.4 Results and Discussion:

The physical interpretation of parameter behavior as it relates to the velocity u,
concentration distribution ¢ temperature distribution 8 and stream function ¢ is the focus of this
section. An intriguing phenomena known as "trapping" occurs when streamlines split and enclose
to create a bolus that moves with the wave. The streamlines for a range of effective parameter
values are shown in Figure 3.1-3.5. The conduct of various factors on the velocity profile u is
plotted in Figure 3.6-3.10. To analyze the impacts of different parameters on the temperature
distribution 8, Figure 3.11-3.17 are presented. To investigate the impact of factors on the

concentration distribution¢, Figure 3.18-3.25has been created.

The effect of the fluid parameter A on the streamlines is seen in Figures 3.1a and 3.1b. It has
been shown that increasing A causes a rise in the quantity of circulations and the size of the
trapped bolus. Additionally, it is discovered that the boluses in the top and bottom sides of the
channel are comparable in size and shape. The effect of Eyring-Powell fluid parameter B on
streamlines is shown in Figures 3.2a and 3.2b. The quantity and count of boluses seem to go up
as B goes up for some fixed A. We can infer from Figs. 3.3a and 3.3b that the amplitude ratio
increases the quantity and count of boluses. When M is increased, the size of the bolus and the
quantity of circulations decrease as shown in figures 3.4a and 3.4b. Additionally, it is discovered
that bolus vanishes for a big enough Hartman number M. Figures 3.5a-3.5d demonstrate the
influene of wall characteristics on stream functionality. It is noted that as wall flexibility E; and
mass per unit area of wall E, are raised, the frequency of circulations increases and the bolus size

increases.

The non-linear portion of the governing momentum equation appears when the Eyring-
Powell fluid parameter A rises, the axial velocity increases, grows, as shown in Figure 3.6-3.10.

The impact of Eyring-Powell fluid parameter B is shown in Figure 3.7. When B is increased, axial
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velocity seems to decrease. The impacts of M on velocity profile are seen in Figure 3.8. The axial
path of velocity is the diminishing function of M. A Resistive force applied to the magnetic field
resists the flow in a transverse direction, resulting in a decrease in velocity. Figure 3.9 shows the
influence of the velocity slip parameter 8; on the axial velocity. The velocity slip parameter and
the axial velocity profile are shown to be directly correlated. The slip effect's intensification
reduces the channel walls' resistance, which finally causes the flow to accelerate. The impacts of
wall characteristics on the axial velocity are seen in Figure 3.10. E;, E, and E5. The flow in the
axial direction is found to decrease with increase in either wall mass per unit area E,, wall

elasticity E; ,wall damping valueE;.

Figure 3.11-3.17 shows that the temperature in the channel's center is higher than that of
the walls. In actuality, this is because the energy equation takes viscous dissipation effects into
account. Figure 3.11 illustrates how temperature 0 rises when Eyring-Powell fluid parameter A
grows, while Figure 3.12 displays the same trend for parameter B. It is seen that as the velocity
slip parameter 5; and Hartman number M are increased, temperature rises (see Figures 3.13 and
3.14. Figures 3.15 and 3.16 show that when higher values of the Brinkman number Br and thermal
slip parameter 3, are taken into consideration, the temperature 0 increases. The temperature
profile shows the same behavior like velocity profile. Figure 3.17 represents that the temperature
profile increases with an increase in both wall elasticity and wall mass per unit area whereas it

has inverse relationship with the wall damping coefficient.

In contrast to the temperature 0, the concentration is lower in the center than it is at the
walls. Figure 3.18 shows how concentration ¢ decreases when Eyring-Powell fluid parameter A
grows, while Figure 3.19 displays the same trend for parameter B. As demonstrated in Figures
3.20 and 3.21, there is a modest drop in ¢ when the velocity slip parameter 8, and with Hartman

number M are increased.

In figure 3.22, As the concentration slip parameter 5 increases, the concentration of
species decrease. As seen in Figure 3.23, the behavior is viscous dissipation if the concentration
is small. Figure 3.24 show that when we increase Sc number, concentration profile decreases. In

a qualitative sense, wall attributes have the same influence on ¢ as they do on 6.
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Figure 3.6 Variation of A on velocity field at A= 0, 0.2, 0.04

Figure 3.7 Variation of B on velocity field at B=0, 0.5,1
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Figure 3.8 Variation of M on velocity field at M= 1, 2, 3

Figure 3.9 Variation of 8, on velocity field at 8,= 0, 0.02, 0.04
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Figure 3.14 Fluctuations of 5; on temperature field at 8,= 0, 0.05, 0.10

Figure 3.15 Variation of 8, on temperature field at 8,= 0, 0.03, 0.06
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Figure 3.18 Variation of A on concentration field at A= 0, 0.1, 0.2

Figure 3.19 Variation of B on concentration profile at B=0, 2, 3
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Figure 3.21 Variation of 8; on concentration field at ;= 0, 0.1, 0.2
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Figure 3.22 Variation of 853 on concentration field at ;= 0, 0.02, 0.03
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Figure 3.23 Variation of Br on concentration field at Br=1, 1.2, 1.4
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3.5 Conclusion

By taking into account wall characteristics and heat/mass transfer, the slip effects on the
magnetohydrodynamic (MHD) peristaltic flow of an Eyring-Powell fluid are examined. Viscous
dissipation effects of considerable magnitude are taken into account in the mathematical
formulation. The lubrication assumptions are used to generate a perturbation solution.Variations
in embedded parameters, in particular those of the Eyring-Powell fluid, have a considerable
impact on the flow fields. Comparing hydrodynamic flow to magnetohydrodynamic flow, it is
found that the axial velocity in the former is higher. The flow is also accelerated in the axial
direction when velocity slip is present. In order to improve heat transfer from the channel walls,

viscous dissipation is quite important.



49

CHAPTER 4

Analysis of Peristaltic Eyring-Powell Fluid with an Inclined

Magnetic Field in a Non-Uniform Porous Channel

4.1 Introduction

This system investigates the properties of the Eyring-Powell fluid's stable, laminer
rheology from a peristaltic non-uniform inclined channel. A body force term of the momentum
equation is used to simulate the magneto hydrodynamics (MHD) and porosity effects, while the
rheological equations are stated in the Cartesian system. The form of the system of partial
differential equations represents the projected model. Temperature and velocity profiles are used
to visually represent the data. A comparative analysis with the published literature validates the

current findings.

Figure 4.1 Geometry of Problem
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4.2 Mathematical Formulation

This study examines how heat and mass transfer affect an Eyring-Powell fluid peristaltic
flow in a two-dimensional, axisymmetric channel. The fluid is thought to drive electrically when
a porous material and an angled magnetic field exist. Through the channel walls, the flow
produces sinusoidal waves that propagate at a constant speed c. The wave shapes along the wall

are given as
h(x,t) =b sin%ﬂ (x —ct) +d(x), 4.2)
where
d(x) =mx +a, m <« 1.
A is the wavelength, wave amplitude is represented by b, t is the time, n is the dimensional

parameter and a is the width.

The velocity pattern of peristaltic flow is
V= [u(x,y),v(xy)] (4.2)

The equations of continuity, momentum and energy are as follows

V.V =0, (4.3)
p=r = divt + pb, (4.4)
pCy o = —divg +T.L, (4.5)
where
q = —kgradT,

and the body forces under consideration are:

pb = —aﬁgV—%V,

with same tensor as given in chapter 3 from equations (3.2) to (3.10).
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The Eyring-Powell fluid model's governing equations are provided as:

ou v
st =0 (4.6)

The x-component of the momentum equation is as under:

(6u+ 6u+ Ou) B 0p+( 1 > 62u+62u
ot T Yox " Vay) T M TACTZAN
1 0 (6u N av) +2 (617) +2 <6u)2 Ju
dy O0x ady dx/ ) ox

" 3Bc30x
1 0 ) <0u)2 4 (au 4 av)z 42 (617)2 (6u N 6v>
6Bc3 oy dx dy 0x oy oy 0x

+pg sina — of§ cos f(ucos B — vsinp) —%u, (4.7)

The y-component of the momentum equation is given as:

(617 N ov iy (')v) (')p ( 1 ) 0%v N 0%v
P \at T4 ax T Vay) T Be, ) \oxz " ay2
1 0 ((’)u N (’)v) ( > (617)

3Bc3ay|[|\dy ox oy

1 0 2<6u) ((’)u av >
6Bc3 oy dx oy ax ay ax

+pg cosa — o sinfB(ucosf —vsinp) — Ev, (4.8)

The energy equation is given as below:
oGy Gt usi+vay) =k (Gt 5) + () G + (G4 50) 1
a2 () + (G5 )

(B 2) (2 (2 (242 +2() ), (4.9)
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Here p be the pressure, applied magnetic field is represented by £, o is the electrical conductivity
of fluid.

The following are the Boundary Conditions:
a( o 22 2 1) (% o ou ou ou 1 8 ou\?
a_(a tmoat d;) h= (# + a) (ax*z + a_) p (a tugt ”ay*) T el oy [{2 (ax*) +

v \? ou  v\3) [ ou . ov 1 8 ou\? v \? ou  av\?) au
2 (6y*) + (6y* + 6x*) }(ay* + ax*)] "~ 3pc3 ax* [{2 (Bx*) +2 (By*) + (ay* + ax*) }ax*] B

pgsina — ofE cos f(ucos B — vsinﬁ)%u, at y=h, (4.10)
u=0, T=T, at y =h, (4.11)
du aT
5 =0, O_y =T, at y =0, (412)

where the variables T, and T, represent the temperature at the lower and higher walls, d
represents the wall damping coefficient, m be the mass of the plate per unit area, and t stands for

elastic strain.

The stream function y is now introduced as:

_ L
U= v=-——. (4.13)

The dimensionless quantities are:
!

X,y o, Y

x o, " ct , pdf 1 Bc?
x—ﬂ':y—dl; - ) _A)p_

) B = 'A = )
cAp upcy 2d3ct

d T—T, cd o C c?

K cv a3 mcd3 dd3
k== ,F=-—7FE =1, E=—2 E;=—*
1 A3uc’ 2 ABu’ 3 A%u

(4.14)
In previously indicated values A and B are the material variables for the Eyring-Powell
fluid model, Pr the Prandtl number, ¢ the wave number, Re the Reynolds number, Ec the Eckert

number, 0 the temperature distribution, mass per unit area parameter E,, wall elastance
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parameter E;and wall damping value E;.
After applying the lubrication assumptions, creating the stream function, which

automatically solves the continuity equation, and non-dimensionalization, problem is reduced as:

A G A 209" 10y’ | sina
_(1+B)a =S (ay,z) (M cos )? 55 — 5% + 225, (4.15)
ap’ _
%, (4.16)
1 92 0. "2
L2 4 re |+ B -2 (2%) ] =0 (4.17)

and the boundary conditions become:

Y A L VRSO Py il A o 3
ax\ tox? " Par? Por')” ay"  30y'\ay"

—M cosﬁ)za"’, 100 gty =h (4.18)
k oy
oY’ _ r_
57 =0 6=1, aty =h (4.19)
r_ %y’ _ 26 _ r_
Y =0, % 0, a3 = O aty' =0 (4.20)
Combining (4.15) and (4.16), compatibility equation takes the form
W a0 (%N 2%
(1+B) T -3 (2h) - M2 k=0, (4.21)
where

N; = M?%cos?p + %

4.3 Method of Solution

Due to the involvement of small parameter ‘A’ in the governing equations, To solve the system

concerning the small Eyring-Powell fluid perimeter A, we can use the perturbation technique.
Y =y + AP+ 0(4)?, (4.22)

0’ =0y + A0', + 0(A)2. (4.23)



4.3.1 Zeroth —Order System

The form of the zeroth order system is

2029’y
ay'?

4 I
(1+B>"’—l’if—N1 =0,
oy

° 4 Br (1+B)("’;1”,2) =0,

and the boundary conditions are

F) a2 a2 ) _ %Y’ 20¢', "
(B tm+ Baam + Esgr) k= A+ YT = N2 522, at ¥ =h
. 2y, a0y .
1/)0—0, P =0, ay'_O' at y' =0,
o 61/}’0 _ r_
0o=1, —ay,—O, at y' = h.

4.3.2 First order system:

The first order system is of the form

oy, 1 92 (3%} a2y’
(1 + B) l/},41 352 ( 1ljzo) - Nl2 1/),21
dy 30y ady dy

=0,

691

+2ra+B) (T2) (52) -5 (57) =0

and the boundary conditions are

%'y 10 (awo\} L aa%, _ -
(1+B) 57 35y ( PV ) N,y 5 0 aty' =h,
a2y’ a6’
o 1 1 — ! —
l)b 1 - O; ay,z - 0; ay, 0, aty 0,
oy’ ,
¢,1=0, 0,=0 aty' = h.
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(4.24)

(4.25)

(4.26)
(4.27)

(4.28)

(4.29)

(4.30)

(4.31)

(4.32)

(4.33)
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4.4 Results and Discussion

The behavior of the parameters used in the axial velocity (u), temperature (8) , pressure
and streamlines expressions is explained in this section. In particular, inclination of magnetic
field (B), Brinkman number (Br), and Magnetic parameter (M), non-uniform term (m), porosity
parameter (k) are examined. To examine the effects of these settings, graphs were made using the
MATHEMATICA programming language.

Trapping is one of the most significant phenomena in peristaltic movement. The
formation of a circulating bolus caused by streamlines splitting under specific circumstances is
referred to as trapping. The trapped bolus travels at the same speed as the wave because it is
completely encircled by the peristaltic waves. In Figure 4.2(a) and (b) the influence of Eyring-
Powell fluid parameter A is portrayed. The size of the confined bolus and the number of
streamlines both decrease as A rises. The impact of Eyring-Powell fluid parameter B on the
streamline patterns can be seen in Figures 4.3(a) and 4.3(b). It can be seen that increasing B both

the number of circulations and the size of the trapped bolus decreases.

Figure 4.4(a) and (b) show that by increasing the value of magnetic parameter, bolus size
and number of circulations decreases. Figure 4.5(a) and (b) shows the same behavior when the
value of porosity parameter increases. From figures 4.6(a) and (b) we conclude that by increasing
the value of 8, the volume of the trapped bolus increases. The impact of wall properties is given
in figure 4.7(a)-(b), by enhancing the values of the wall properties, there is a decrease in the size

of trapped bolus.
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Velocity field is the most noticeable feature of fluids flow. Firstly analytical solution for
velocity is calculated, and then other flow variables are determined. It is shown in figure 4.8 that
by increasing the value of A the velocity profile decreases. Figure 4.9 demonstrates how the fluid's
velocity decreases when the Eyring-Powell fluid parameter B value rises. Figure 4.10 depicts that
rise in the value of M shows reduction in the velocity because with the increase in the value of M
resistive force increases. Figure 4.11 show that there is a decrease in flow resistance and an
increase in fluid velocity within the channel as the porosity of the walls increases. It is seen from
figure 4.12 that velocity profile increases with rise in inclination angle 8 because magnetic field's
inclination can change the Lorentz force, lessen magnetic drag, and produce secondary flow
patterns, all of which increase fluid velocity. Figure 4.13 show that as m increases, velocity
increases because when we increase non-uniformity, then the regions experiences lower viscosity
leading to an increase in overall velocity. Effects of wall properties on axial velocity is sketched
in figure 4.14. It reveals that the flow in the axial direction is accelerated by increases in wall

elasticityE;, wall damping parameter E; ,wall mass per unit area E,.

Figure 4.15 to 4.22 show the significance of different emerging flow characteristics on the
fluid’s temperature 6. Figure 4.15 shows that as the value of parameter A increase, temperature
decreases. Figure 4.16 display the trend of temperature profile when the fluid parameter B is
increased. Figure 4.17 demonstrates that reduction in temperature profile as increase in value of
magnetic parameter. Figure 4.18 depicts that the rise in inclination angle g also gives an increase
in temperature profile. It is seen in figure 4.19 that as porosity of walls increases temperature
increases because thermal conductivity reduces and surface area for heat exchange increases.
Figure 4.20 depicts that as m increase, there is an increase in temperature distribution. As the
value of Brinkman number increases temperature increases because when viscous dissipation
enhances, there is a larger energy conversion from kinetic to thermal energy, which raises fluid
temperature as shown in figure 4.21. Figure 4.22 shows that the fluid's temperature decreases as
a result of a steady increase in wall mass per unit area E,, wall elasticity E;, or wall damping

parameter E;.
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Figure 4.9 Effect of Eyring-Powell fluid parameter on velocity field.
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Figure 4.13 Effect of non-uniform parameter on velocity field.
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Figure 4.14 Effect of wall properties on velocity field.
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Effect of Eyring-Powell fluid parameter A on temperature profile.
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Figure 4.17 Effect of magnetic parameter on temperature field.
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Figure 4.18 Effect of inclined parameter on temperature field
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Figure 4.19 Effect of porosity parameter on temperature field.
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Figure 4.21 Effect of Brinkman Number on temperature field.
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CHAPTERS

CONCLUSION AND FUTURE WORK

5.1 Conclusion

The purpose of this thesis is to investigate how porosity and an angled magnetic field affect the
peristaltic flow of Eyring-Powell fluid. The complexity of problem can be addressed by using
perturbation techniques, by using the lubrication approach. Graphical representation of velocity,
stream function and temperature distribution are generated by using Mathematica software,
providing visual insights into the behavior of peristaltic flow under different conditions. The

overall conclusion drawn from the current work is summarized as following:

It is observed that by enhancing the value of parameters A, B and magnetic parameter M,
the velocity of fluids decreases. While an increase in value of inclination angle g, porosity of
wall, value of m, wall properties such as elasticity, damping parameter, accelerate the flow in an
axial direction based on mass per unit area. As the magnetic parameter and Eyring-Powell fluid
parameter A increase, the temperature profile falls. However, as the temperature rises, so do the
larger values of the Brinkman number (Br), inclination angle 8, porosity parameter k, and Eyring-

Powell fluid parameter B.



69

The Eyring-Powell fluid parameter A and magnetic parameter influences the trapping
effect, with higher values leading to a large bolus, while increasing B and value of inclination

angle, size of bolus and number of streamlines decreases.

5.2 Future Work

The model could be expanded by adding additional factors such as energy activation and
viscous dissipation. This could involve exploring different fluid models like Williamson and
Walter’s B fluid models as well as other non-Newtonian fluid models, to analyze the influence
of inclined magnetic field and boundary slip. As our current study focused on non-uniform
inclined channel, furture research could explore alternative geometries such as curved or planar
channels. Additionally, incorporating boundary conditions such as slip and convective boundary

conditions could provide furture insights into the behavior of peristaltic flow in practical
scenarios.
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