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Preface

It is well recognized that the peristaltic motion is the basis of peristaltic pumps that

move fluids through tubes without direct contact with pump components. The

complicated relationship occurs in peristaltic when the effects of nanoparticles along

with heat and mass transfer are considered simultaneously. The courtesy in exploring

the interaction of different nanoparticles in peristaltic transport is a motivating factor

for this thesis. In fact we intend to strengthen our efforts to understand the problems

having more complicated nature, especially in the modeling of peristaltic flows of

viscous fluids contain different nanomaterial such as carbon tubes, metal oxides and

metal base nanoparticles with different sizes of particles under Brownian motion effects

in diverse geometries. The basic equations governing the flow are first modelled and

then reduced to a set of ordinary differential equation by using appropriate

transformation for variables under the well-established long wavelength and low

Reynolds number approximations. The solutions of non-dimensional liner equations

are presented exactly whereas the nonlinear partial differential equations are solved by

homotopy analysis method. The physical interpretations of sundry parameters such as

Hartmann number, Grashof number, local and magnetic Reynolds numbers, Stommer's

number, heat generation parameter, heat flux parameter, porosity parameter, Brickman

number, nanoparticle volume fraction, thermal and viscous slip parameters for pressure

rise, pressure gradient, velocity profile, temperature profile, axial induced magnetic

field and current density are illustrated in graphical and tabular forms. In addition,

irreversible process is graphical presented in term of entropy generation as well as

Bejan number. The effect of various physical parameters on important trapping

phenomenon is also shown in the form of streamlines. It is observed that different

nanoparticles play significant role in peristaltic. The results show that, in the presence

of small concentration, the effects of physical parameters such as MHD, porosity and

slip for pressure gradient, pressure rise, velocity and temperafure profiles are

qualitatively larger than that of zero concentration.

This thesis contain seven chapters. First chapter provides some essential definitions,

governing equations and methodology r"rsed in the subsequent chapters. The detailed

description of each chapter is given in motivation, the subsection of introduction.
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Chapter I

Introduction

1.1 Motivation

A mechanism of fluid flow by means of moving contraction on the tubes/channels walls

is called peristaltic. The mechanism of peristaltic phenomenon has been utilized for

industrial applications like sanitary fluid transport, chemical processing, mining, paint

and coating dairy processing. Also, peristaltic transport occurs in biomechanical

apparatus such as roller and finger pumps, Complete understanding of peristaltic flows

with various geometries demands the basic concepts of mechanics of fluid. Fluids we

deal within our daily life can be broadly known in literature as viscous fluid. Typically,

a gear, lobe, vane, screw, peristaltic or progressive cavity pump is ideal for viscotts

t)uid applications. Thus, it is widely exploited in industrial peristaltic pumping. This

mechanism is mainly used in the mechanical roller pumps using viscous fluids in the

printing industry and for transporting blood in heart lung machine. Probably, Latham

[1] was the first who investigated the mechanism of peristalsis in relation to mechanical

pumping. Initial studies of peristaltic transport for Newtonian fluids were conducted by

Shapiro et al. 12) in wave frame and then by Fung and Yih [3] in laboratory frame.

Radhakrishnamacharya [4] studied the peristaltic flow of a power-law fluid in a channel

under long wavelength approximation. Mishra and Ramachandra [5] reported the

peristaltic flow in asymmetric channels with asymmetry generated by different

amplitudes of the peristaltic waves in addition to different phases.

Recently, the concept of nanofluid has been expressed as a way for increasing the

concert of the heat transfer rates in the liquids. With the prompt development of modern

nanotechnology particles of nanometre-size (normally less than 100 nm) are used rather

than of micrometer-size for colloidal suspensions in base fluid such as water etc. The

term nanofluid was first introduced by Choi [6] in 1995 and since then it has gained

Iots of popularity among the researchers. The materials with nanometers sizes also

possess unique physical and chemical properties. Without clogging they can flow

smoothly through micro channels since they are very small, consequently they behave



like molecules of liquid [7]. As a matter of fact, it has grabbed more research into the

investigation of the heat transfer characteristics in nanofluids. lt was found that in the

presence of nanoparticles within the fluid can appreciably increase the effective thermal

conductivity of the fluid which ultimately increases the heat transfer characteristics.

Some superb articles in this area are presented in [8].

Making the fluid slip along the wall, the fluid losses some adhesion at the wetted wall.

Tretheway and Meinhart [9] have experimentally shown slip-flows. The slip condition

plays an important role in shear skin, spurt, and hysteresis effects. The boundary

conditions relevant to flowing fluids are very important in predicting fluid flows in

many applications. The fluids that exhibit boundary slip have important technological

applications such as in polishing valves of artificial heart and internal cavities [10]. In

2003, Choi et al. [1] examined apparent slip flows in hydrophilic and hydrophobic

micro channels. Lauga and Cossu [2] have analyzed the stability of slip channel flow.

The slip effects on the peristaltic flow of a non-Newtonian Maxwellian fluid have been

investigated by Eldesoky [3].Moreover, flow through a porous medium has several

practical applications, especially in geophysical fluid dynamics. Examples of natural

porous media are beach sand, sandstone, limestone, the human lung, bile duct, gall

bladder with stones in small blood vessels. The influence of slip condition on peristaltic

transport of a compressible Maxwell fluid through porous medium in a tube has been

studied by Chu and Fang [4]. Comprehensive literature studies on porous media can

be seen in the latest books [1 5 I 8],

Furthermore the magnetohydrodynamic character of fluid has a significant role in

solidification processes of metal alloys and metal, study of nuclear fuel debris, control

of underground spreading of chemical wastes and pollution, design of MHD power

generators, blood pump machines and treatment of cancer tumor etc. Srinivas et al. [ 9]

studied the influence of both heat transfer and wall slip conditions on the peristaltic

flow of MHD Newtonian fluid in a porous channel with elastic wall properties.

Mekheimer and Al-Arabi [20] found the nonlinear peristaltic transport of MHD flow

through a porous medium in non-uniform channels. Further analysis could be seen

through l2l -23).

In view of all above, chapter two aims to examine the peristaltic flow with three

different nanoparticles having the base fluid water with slip boundary condition through



a vertical asymmetric porous channel in the presence of MHD. The selected

nanoparticles are titanium dioxide (TiOz), copper oxide (CuO) and silicon dioxide (

SiO,). We have also considered thermal conductivity modelwith Brownian motion for

nanofluids. This gains the effects of particle size, particle volume fraction and

temperature dependence. The analysis is performed under the well-established long

wavelength and low Reynolds number approximations. The exact solutions for the

stream function, temperafure and pressure gradient are given. AII the physical features

of the problems have been described with the help of graphs. The results of this

chapter (two) are published in the European Physical Journal Plus, 129 (2014)

185.

Many researchers have investigated the heat transfer performance and flow

characteristics of various nanofluids with different nanoparticles and base fluid

materials. The thermal and physical properties of nanofluids were calculated using the

Brinkman equation l24l tor viscosity, the Xuan and Roetzel equation [25] for specific

heat and the Hamilton and Crosser model 126l for thermal conductivity. The results

showed that the presence ofnanoparticles creates greater energy absorption than pure

water at a low flow rate and that there is no contribution from heat absorption when the

flow rate is high.

A change in the thermodynamic state of a system and all of its surroundings cannot be

precisely restored to its initial state by infinitesimal changes in some property of the

system without expenditure of energy. A system that undergoes an irreversible process

may still be capable of returning to its initial state. However, the impossibility occurs

in restoring the environment to its own initial conditions. The entropy generation is

associated with the thermodynamic irreversibility taking place in the system.

Consequently, thermodynamic irreversibility can be quantified through entropy

calculations. Some important irreversible processes are heat flow through a thermal

resistance, fluid flow through a flow resistance such as in the Joule expansion or the

Joule-Thomson effect, diffusion, chemical reactions, Joule heating, friction between

solid surfaces and fluid viscosity within a system. Many biological processes that were

once thought to be reversible have been found to actually be a pairing of two ineversible

processes whereas a single enzyme was once believed to catalyze both the forward and

reverse chemical changes. [t is found that two separate en4irnes of similar structure are



typically needed to perform what results in a pair of thermodynamically irreversible

processes. Bejan [27] presented the mechanisms involving with the entropy generation

in applied thermal engineering. Bejan [28] introduced the concept of entropy generation

and minimization in thermal systems. Very recently Ellahi et al.129) studied the shape

eff-ects of nano size particles in Cu- H20 nanofluid on entropy generation, they found

that increase percentage in friction of nanoparticles leads to increase in entropy

generation rate.

With the above discussion in mind, chapter three investigated the effect of peristaltic

flow with entropy generation and heat conducting nanofluids in the presence of porous

medium in an asymmetric vertical channel. Suitable transformation is employed to

achieve the system of ordinary differential equation. Arising nonlinear problems are

solved analytically fbr the stream function, temperature and pressure gradient by mean

of HAM base Bvph2 package. Characteristics of various pertinent parameters on the

velocity, temperature, pressure rise, pressure gradient, entropy generation and Bejan

number are examined and have been described with the help of graphs. This study

(chapter three) is accepted for publication in Journal of Porous Media (2016).

The study of MHD flow of electrically conducting fluids on peristaltic motion has

become a subject of growing interest for researchers and clinicians. This is due to the

fact that such studies are useful panicularly for pumping of blood and magnetic

resonance imaging (MRI). Theoretical work of Agarwal and Anwaruddin [30] explored

the effect of magnetic field on the flow of blood in atherosclerotic vessels of blood

pump during cardiac operations. Li et al. [31] observed that an impulsive magnetic field

can be used for a therapeutic treatment of patients who have stone fragments in their

urinary tract. Elshahed and Harun [32] made an observation on the peristaltic transport

of Johnson -Segalman fluid by means of an infinite train of sinusoidal waves in a

flexible channel under the effect of a magnetic field. However, all of these three studies

have neglected the effect of induced magnetic field. Vishnyakov and Pavlov [33] are

the first who considered the effect of induced magnetic field on peristaltic flow of an

electrically conducting Newtonian fluid. Lately, Makheimer 134,35] carried out the

study of peristaltic transport of an incompressible conducting micropolar fluid in a

symmetric channel and another for a couple stress fluid by considering the effect of

induced magnetic field.

ln view ofall the aforesaid observations, the present analytical study has been designed

4



in such a manner that it can explore variation of information to study the effect of

induced magnetic field on peristaltic flow of a viscous fluid in an asymmetric channel.

The peristaltic wave train on the channel wall has been considered to have different

amplitudes and phase difference. The theme of chapter four is to describe the effect of

induced magnetic field and heat generation on peristaltic flow of water and Cu-water

nanofluid in an asymmetric channel. At the same time, an exact solution of

dimensionless governing equations for water and Cu-water nanofluid will be suggested.

The effect on different parameters on both fluids is presented in form of graphs. Thus,

the results presented here will find an important clinical application such as in magnetic

resonance imaging (MRI) as well as in the gastrointestinal tract and small blood vessels'

This analysis (chapter four) is published in European Physical Journal Plus, 129

(2014) 1ss.

Fluid movements in a channel of varying gap with permeable walls covered by a layer

of porous material is discussed in next chapter. The motivation of this investigation

comes from the study of abnormal flow in the arterial system caused by the presence of

occlusion or stenosis. At various locations in the arterial system, stenosis may develop

due to abnomal intravascular growth [36]. It may also be due to the abnormal

accumulation of fluid in the tissue bounding the artery. Arteries may also be narrowed

by the development of atherosclerotic plaques which are closely connected with the

blood flow through the artery bounded by a thin layer of tissue, idealized into a porous

medium, which separates the blood flow from the flow of other physiological fluids (is

called PF). The stenosis developed in the artery causing the abnormal flow is an

important factor in the development and progression of arterial diseases. Thus, the

subject area of movement and accumulation of PF in the tissue and their result on blood

flow in the artery is an important problem because the flow features in the locality of

the resulting protuberance may significantly be altered. The results of the present study

throw light on the understanding of the important flow characteristics in the arterial

system, namely, the pressure, shear stress and possible changes in them. These in turn

arc related, respcctively, to the physiologically important problems involving (i)

increase in resistance to the blood flow, (ii) possible damages to the red and endothelial

cells due to the existence of high shear zones, and (iii) possible transition from a laminar

to turbulent flow inside the blood vessel creating high intensity shear zones unfavorable

to the blood flow and arterial wall. The flow in a channel of varying gap bounded by



rigid walls has been investigated by many authors 137 - 4Ol' The results obtained from

these analyses using rigid boundaries are not of much use in understanding the

characteristics of flow in arteries, because they are bounded by tissues which are

idealized into a porous medium where one has to use a slip condition at the bounding

surface similar to the one postulated by Beavers and Joseph [41] (hereafter called BJ

condition). Hence, it requires to investigate flow in two dimensionalchannel of varying

gap bounded on both sides by a porous layer.

Carbon nanotubes (CNTs) were discovered by Iijima and Baughmanl42,43l' They

showed exceptional strength and distinguished electrical propertles, and are efficient

conductors of heat. Their figure is deduced from their size, as the diameter of a nanotube

is on the orderliness of a few nanometers (about 50,000 times smaller than the breadth

of a human hair), whereas they may be higher to several millimeters in length'

Nanotubes are of two principal kinds: single-walled nanotubes (SWNTs) and multi-

walled nanotubes (MWNTs). The single CNT, which is one or multiple layers of

graphene sheets which roll up. SWCNTs' diameter is close to I nm with a varied length

fiom nanometer to centimeters whereas the interlayer of distance for MWCNTs is

approximately 0.34 nm [44]. Owing to CNTs' extraordinary thermo conductivity'

electro conductivity and mechanical property, CNTs find their applications in the form

of additives in structural materials such like golf stub, boat, aircraft, bicycles etc. By

mixing it in the solid [45 - 48] or fluid [49 - 52], the mixture can effectively enhance

the thermal performance and mechanical properties of the base materials. So, the CNTs

employed in the field are examined with great potential for the heat transfer

applications. Choi and co-workers conducted initial observation of thermal

conductivity increase using cylindrical structures, namely multi-walled nanotubes

(MWCNT) [53]. The outstanding properties of carbon nanotubes (CNTs) help in

biological engineering applications. CNTs can be used to tune cellular fate through both

extracellular pathway and intracellular pathway. CNT based biomaterials are applied

into bone, nerves, and cardiovascular system. There has also been improvement in the

use of CNTs in controlling cellular alignment, to increase tissue regeneration, growth

factor delivery and gene delivery.

Motivated by above discussion, chapter five addresses the peristaltic flow in a

symmetric channel with pcrmeable wall. The effect of induced magnetic field, heat

generation and heat flux on peristaltic flow of water and CNTs nanoflutd is also



analyzed. An exact solution of dimensionless governing equations for water and CNTs

nanofluid is obtained and role of physical parameters is discussed through graphs.

Content of this chapter (chapter five) is published in the Journal of Magnetism and

Magnetic Materials, 381 (2015) 405 - 415.

It is well recognized that the peristaltic motion is now an important research subject

due to its vast applications in physiology. This type of rhythmic contraction is the basis

of peristaltic pumps that move fluids through tubes without direct contact with pump

components. A peristaltic pump is a type of positive displacement pump used for

pumping a variation of fluids. The fluid is contained within a flexible tube fitted inside

a circular pump caSing. A rotor with a number of "rollers", "Shoes", "wipers", or "lobes"

attached to the external circumference of the rotor compresses the flexible tube. As the

rotor furns, the part of the tube under compression is pinched closed (or "occludes")

thus forcing the fluid to be pumped to move through the tube. Additionally, as the tube

opens to its natural state after the passing of the cam ("restitution" or "resilience") fluid

flow is induced to the pump. Peristaltic pumps are typically used to pump clean/sterile

or aggressive fluids because cross contamination with exposed pump components

cannot occur. Some common applications include pumping IV fluids through an

infusion device, aggressive chemicals, high solids slurries and other materials where

isolation of the product from the environment and the environment from the product, is

critical. It is also used in heart-lung machines to circulate blood during a bypass surgery

as the pump does not cause significant hemolysis. Their unique design makes them

especially suitable to pumping abrasives and viscous fluids.

Heat transfer in cooling processes is quite popular area of industrial research.

Conventional methods for increasing cooling rates include the extended surfaces such

as fins and enhancing flow rates. These conventional methods have their own

limitations such as undesirable increase in the thermal management system's size and

increasing pumping power respectively. The thermal conductivity characteristics of

ordinary heat transfer fluids like oil, water and ethylene glycol mixture are not adequate

to meet today's requirements. The thermal conductivityof these fluids has keyrole in

heat transfer coefficient belween the heat transfer medium and heat transfer surface.

Many techniques have been proposed for improvement in thermal conductivity of

ordinary fluids, one of them is suspending nanoparticles in liquids.



By motivation of said applications of peristaltic flow in tube chapter six looks at the

peristaltic transport of SWCNT and MWCNT containing nanofluid in permeable tube.

The related partial differential system is reduced first into ordinary differential equation

and then the exact solutions for the stream function, temperature and pressure gradient

are successfully obtained. lnfluence of various physical parameters on velocity,

temperature, pressure gradient and pressure rise is scrutinized graphically. The

investigation of this chapter (chapter six) is accepted for publication in the Journal of

Mechanics in Medicine and Biology 16 (2016) I - 14,

The flow of bio-fluids such as urine through ureters, passage of chyme in intestines,

swallowing of food bolus in esophagus, blood flow through blood vessels takes place

due to the propagation of electrochemically generated waves along the vessels

containing fluids. Biomechanical pumps have been fabricated deriving ideas from this

peristaltic mechanism that preserves the purity of the contents from machinery parts

such as piston during operation. Recently, several mechanical pumps are prepared on

the basis of peristalsis to save energy. These types of pumps play an important role in

engineering. An endoscopic effect on peristaltic motion of a fluid is very important for

medical diagnosis and it has many clinical applications. Now the endoscope is a very

important tool used for determining real reasons responsible for many problems in the

human organs in which the fluid is transported by peristaltic pumping such as, stomach

and small intestine, etc.

Biomagnetic fluid dynamics is a relatively new area that deals with the fluid dynamics

of MHD biological fluids. During the last few decades, extensive literature is available

on the MHD flows of biological fluids. Such flows have numerous applications in

bioengineering and medical sciences, specifically, magnetic wound or cancer tumor

treatment causing magnetic hyperthermia, bleeding reduction during surgeries and

targeted transport of drugs using magnetic particles as drug carriers are few such

examples. ln fact, a biomegnetic fluid exists in a living creature and its flow is affected

through a magnetic field. Blood is a biomagnetic fluid. It behaves as a magnetic fluid

due to the complex interaction of the intercellular protein, cell membrane and the

hemoglobin. It is also known that blood possesses the property of diamagnetic material

when oxygenated and paramagnetic when deoxygenated.



With the importance of above discussion in mind, the fluid mechanics effects of

peristaltic transport in a gap between two coaxial tubes, filled with nanofluid are

proposed in this chapter seven. The inner tube is rigid and the outer one has wave trains

moving independently under the effect of MHD. The exact solutions for the stream

frrnction, temperature and pressure gradient are given. All physical features of the

problerns have been described with the help of graphs. The outcomes of this chapter

(chapter seven) are published in Journal of Applied Fluid Mechanics 9 (2016) l72l

- 1730.

1.2 Analytical models for physical properties of nanofluids

1.2.1 Density of nanofluid

The density of nanofluid is based on the physical principle of the mixture rule. As such

it can be represented as

(u.\ M., +Mi
t-n/ lv' ),, vi +v,'

P,vi + P,v,
(1.1)

r) +r, '

o, =(, ;n),,.({7)0",
p,, = (1- 0) p, +(0) p,,

(1.2)

(1.3)

here M. is mass and V'is volume respectively.The / and s in subscripts respectively

refer to the fluid and nanoparticle while / is the volume fraction of the nanoparticles.

To examine the validity of Eq. (1.3), Pak and Cho [54] and Ho et al. [55] conducted

experimental studies to measure the density of AlrOr-water nanofluids at room

temperafure as shows an excellent agreement between the experimental results and the

predictions using Eq. (l.3).

1.2.2 Heat capacify of nanofluid

The specific heat of nanofluid can be determined by assuming thermal equilibrium

between the nanoparticles and the base fluid phase as follows:



(pCo),, = p,
(*. r,,) , o, +(tw. c,,), tr

(1.4)

(pC,,)., = p,

(*' * ui)nr

(*.ro),o, +(u'c,),nr
( l.s)

(pc o),, = P,,

(r', * ui) nr

(r.pc,), *(rr'pc,1,

ff:*'(r) +r'.)

(pc,),, : (t - il(ec,), * $(ec,),, ( 1.7)

in which p, is the density of the nanoparticle, py is the density of the base fluid, P6 is

the density of the nanofluid, (Cr), is the heat capacity of the nanoparticle and (Co), ls

heat capacity of the base fluid. The nanofluid based on the models given in Eq. (1,7)

decreases with an increase in the volume fraction of nanoparticles. The experimental

results were compared with the predictions obtained from the models compares very

well with the experimental data of Zhou and Ni [56].

1.2.3 Thermal expansion coefficient of nanofluid

The thermal expansion coefficient of nanofluids can be estimated utilizing the volume

fraction of the nanoparticles on a weight basis as follows [57]:

(pF.),, =(l- O)(pP ), *Q(pP')., (1 8)

where f.r and fri ar" the thermal expansion coefficients of the base fluid and the

nanoparticle, respectively.

1,2.4 Viscosity and thermal conductivify of nanofluid

The viscosity of nanofluid is of great significance as the application of nanofluids is

always associated with their flow. A few studies have addressed the viscous properties

of nanofluid [58 - 60 ]. In general, the viscosity of nanofluids is much higher than that

of their base fluids. The viscosity is a strong function of temperature and the volumetric

concentration. Furthermore, a particle-size effect seems to be important only for

sufficiently high particle fractions. ln 1956, Einstein [61] was determined the effective

viscosity of a suspension of spherical solids as a function of volume fraction (volume

(1.6)

l0



concentration lower than 5%) using the phenomenological hydrodynamic equations.

This equation was expressed by

F,,1 =(l-2.5d)p,, ( l.e)

where /t,1 is the viscosity of the nanofluid and 1t,is the viscosity of the base fluid.

Later, Einstein's equation was extended by Brinkman 162) to suspensions with

moderate particle volume fraction, typically less than 4o/o as defined as:

Considering the Brownian motion of nanoparticles and the interaction between a pair

of particles, Batchelor [63] proposed the following equation.

tr,r :(l-AiO+A;O'*...)t,,. (1.11)

In Eq. (1.11), Ai is the intrinsic viscosity and A) is the Huggins' coefficient, for

spherical particles Batchelor considered the values of Ai = 2.5 and A): 6.5

respectively.

The thermal conductivities of different particles in liquid suspensions with spherical

and non-spherical particles are of great interest in vartous engineering applications

because of their high effective thermal conductivities over base liquids at very low

particle volume concentrations of nanoparticles 164 - 67). The simplest model based

on the macroscopic effective medium theory was first developed by Maxwell for a

dilute suspension of non-interacting spherical particles [68] as follow:

ltrP'= (t-or

k,t _k,+2kt+2(k,-kt)O
k, k, +2k, -1t , - t ,)d 

'

(1. l0)

( l .12)

This model shows that the effective thermalconductivity of nanofluids depends on the

thermal conductivities of the spherical particle, thermal conductivity of base fluid and

the volume fraction of the solid particles. Further developments in non-spherical

particle shapes with introducing a shape factor can be expressed as

( l.l3)

in which ft, and k, are the conductivities of the particle material and the base fluid. In

ll



this Hamilton-Crosser model, n':3lY is the empirical shape factor (Y ) is the

sphericity defined as a ratio between the surface area of the sphere and the surface area

of the real particle with equal volumes). When one choose shape factor n* = 3, then

the Hamilton-Crosser model reduces to the Maxwell model for spherical particle

mixtures.

It is observed that above mentioned literature properties of Eqs. (1.3), (1.7) and (1.8)

are considered to be independent of the movement of nanoparticles. When a small size

particles are adjourned in a fluid, they just behave like the impacts of gases or liquid

molecules. For nanoparticles colloids with each other, the instantaneous momentum

reported to the particle varies random which causes the particle to move on an erotic

path which is known as Brownian motion. The Brownian motion is claimed to play an

important role in modifying the thermal conductivity and viscosity of nanofluid. There

are two ways form which the Brownian motion of nanoparticles enhance the thermal

conduction firstly the direct contribution due to the motion of the nanoparticles that

transport heat i.e., solid - solid transport of heat from one to another secondly the

indirect contribution due to nanoconvection of the fluid surrounding individual

nanoparticles.Among the existing models that predict the thermal conductivity and

viscosity of nanofluids with considering the Brownian motion, the models proposed by

Koo and Kleinstreuer 169,70] are utilized in the present thesis. These models have

successfully been used by Ghasemi and Aminossadati [71] to study the effects of

Brownian motion on laminar steady-state natural convection in a right triangular

enclosure with localized heating on the vertical side. Note that these models were

proposed based on water with copper oxide nanoparticles. Although the extension to

other combinations of base liquids and nanoparticles may be justified. In these models,

it is assumed that the thermal conductivity and viscosity of nanofluids consist of two

parts. One is referred to as the static part (kr,prr)that is evaluated by mixture models

i.e.,the Maxwell model Eq. (1.12) for thermal conductivity and the Brinkman model

Eq.(1.10) for viscosity, and the other part (ka,p) is attributed to the Brownian

motion. The expression for predicting the effective thermal conductivity of nanofluids

appears as

kn, =k,+ku,

where t, is given in Eq. (1.12) and ku is expressed as

12
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(r. rs)

here I is the Boltzmann constant, It has the dimension energy at the individual particle

level divided by temperature and its accepted value in system international units is [ -

1..38x1023 (7oule per kelvin), d, is the diameter of nanoparticles by assuming that

these nanoparticles have a uniform size and are perfectly spherical i.e., d, = 30nm,

Trnu is a environment temperature that is chosen as {, in the current study, yr is a

function of the volume fraction @ of nanoparticles, which is given by

ka : 5xr.o ryr|(pcr),m F'(r,nu,Q),

" 
= {313',o(i:,!);'::), fi[ I33i

and the function F*(T"nu,@ ) is given by

or, =ffi

F*(Tenv,Q) : e6.040 + 0.47}s)Tenv + O'722.30 - L34.63), (1.17)

which is valid for 0.01 3050.04 and 300(kelvin)STrnu<325 (kelvin). It is

important to note that Trnu:300 (kelvin) chosen for the present study for the

expression of thermal conductivity, the thermal diffusivity of nanofluids is then defined

by

(1.16)

( r .18)

( l .20)

Likewise the effective viscosity of nanofluids is

lt,1 = ll,+ lta' (1.19)

where p" is evaluated by Brinkman model Eq, (1.10) and p, is expressed as:

[72] is based on existing experimental data

&nf _ t 
==ut r-rn.rr(+\-" 14y' o''

\dt I

where d; is the equivalent diameter of a base fluid molecule, given by

( 1 .21)

pB = sxlOnyrfpnr

The relation developed by Corcione

available in the literature as:

ffiF.(T,nu,Q).

dr = oL(61''' ,

r3

(1.22)



in which M** is the molecular weight of the base fluid, N 
- 

is the Avogadro number

(= 6.OZExL023). For the thermal conductivity of the nanofluid, the following Chon et

al.l73l model is chosen

ff = t + 64.7(O)or* (gt)o'u'("t)(pr-lossss (Re-1tztzr, 0.23)

here d1 and d, are diameter of the molecule of the base fluid and nanoparticles,

respectively.Pr. = Fr and Re. = :+ are respectively specitic Prandtle
p rd r 3trp,- l ,

number and Reynolds number. For water /, is the mean free path of the base fluid

which has been considered equal to 0.17 nm .

Considering the effect of thermal dispersion

k.r:kn, +ko, 0.24)

where fr, is the thermal conductivity due to thermal dispersion and is obtained as

ka = c* (Pcr),r"lGW + Qdp. (1.2s)

where C. is an empirical constant obtained from experimentalresults [74]. Value of ka

is neglecting where comparing with the value of k,, for the case under consideration.

The thermal conductive model for nanofluid proposed by Yu and Choi [75] is used for

carbon nanotubes which is defined by

V:?*#),
in Eq. (1.26) the parameter l- is given by

(t.26)

where r is

the tubes w

(1.21)

the empirical shape factor and k, thermal conductivities along the axes of

hich is reported by Bilboul [76]:

=[,* oo-o, ]o.
l'' rr,{rd (j,\- a Q,t)l - k,{rd(i,o)- d (i,t)-r} l'""

k
P]

t4

(1.28)



where j (: A, 6 andd) is along the semiaxis directions of the carbon tube as shown in

Fig. 1.1-, k, and k, are the thermal conductivities of the solid ellipsoid and its

surrounding I ayer respectively.

S\YC}-T ]rwc\-T

Fig. 1.1. Geometry for SWCNT and MWCNT,

The volume ratio r * and d (j,u) are depolarization factors defined by Landau et al.

l77l:

r*= W
ane

(1.2e)

( l .30)

( l .3 r )

(t.32)

( 1.33)

d (i,r) =

with v = 0 for outside of solid ellipsoid and v = / for outside surface of its

surrounding layer.

The effective viscosity models Yu and Choi for nanotube is given by

ttnr = (, - *)-' 
r^

with

,. = o.3t2i *z- 0.5 
-1.872

ln2r. - 1.5 " ln 2r. - 1.5 r*

and Qo is eff'ective volume fraction of nanoparticles written it as:

Qo: Q (3)'-' .

where a, and a are the aggregate and primary nanoparticles radii respectively. D is

the fractal index which depends on the type of aggregation, particle size and shape and

,n

to (r'+r+r)
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shear flow condition. Here we consider the radius 12.5 nm and length 25000 nm of

single-wall and multi wall carbon nanotube. The thikness of nanolayer around fubes is

considered 2 nm andthermal conductive of this layer is 2k, . For this assumption about

nanotube, apply the carbon nanotubes suspensions in 15% mixture of salt in water, the

parameters d =25000 n*, 6 = Z =12.5 nm dndthe value ofthe parameter / is chosen

to be 54 nn, which corresponds to a Znm layer thickness lW +54-12.5:

2 nm along 6 - axis and i - avis but a negligible layer thickness IT1OOOTT 54 -
25000 = 0.00L nmis taken along d-aris.

1.3 Governing equations

The fundamental equations of fluid dynamics are based on the following universal laws

of conservation.

1.3.1 Conservation of mass

The equation that results from applying the conservation of mass law to a fluid flow is

called the continuity equation and mathematically can be defined as

*.o (pv) : o,

where V is the fluid velocity. The first term in this equation represents the rate of

increase of the density in the control volume and the second term represents the rate of

mass flux passing out of the control surface (which surrounds the control volume) per

unit volume. The Eq. (1.34) can be write in following form

( 1.34)

(r.3s)X. pY .Y :0,

where

( l .36)

Eq. (1.34) was derived using the Euleriun approach. In this approach, a fixed control

volume is utilized, and the changes to the fluid are recorded as the fluid passes through

the control volume. In the alternative Lugrangiun approach, the changes to the

properties of a fluid element are recorded by an observer moving with the fluid element.

The Eulerian viewpoint is commonly used in fluid mechanics. The Eq. (1.35) in

Cartesian coordinate system is as follows

4l=ql+vv( )Dt 0t
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0o A, a a.
i.a(or)* a(pr)nfi(o*)=0, (1.37)

where u, v. w represent components of the velocity vector. A flow in which the

density of each fluid element remains constant is called incompressible.

Mathematically, this implies that

( 1.38)

that reduces Eq. (1.34) to

V.V = 0, (1.39)

or in component form

y.y*!=0. (r.40)0x 0y Az

1.3.2 Conservation of momentum

Equation for the conservation of linear momentum is also known as the Navier-Stokes

equation. It is possible to write it in many different forms. One possibility is

o.,l*+(vv)v'l=v.r+n. (1.41),_,r l0l . 
_l

The stress tensor for Newtonian nanofluid is defined as

r:-pl+ ltqA,, (1.42)

where A,is first Rivlin Ericksen tensor.

The body force F can be defined under the effects of MHD and porosity as follow

F - -41-y + J x B, (1.43)
Kl

where K, is the permeability of the medium having dimensions (tength)'z and ,/ is

current density force which is the combination of electric and magnetic force on a point

charge due to electromagnetic fields and defined as

J:o(E+VxB) , 0.44)

here B is magnetic field, E is electric field and o is electrical conductivity.

Dp 
=0,

DI
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1.3.3 Conservation of energy

Energy equation can be written in many different ways, such as the one given below

*,lT+(vv)r] =kY2r+@*, (1.4s)

(1.47)

(1.48)

(1.4e)

( 1.s0)

Eq. (1,47) is based on the following assumptions: (i) continuum, (ii) Newtonian fluid

and (iii) negligible nuclear, electromagnetic and radiation energy transfer, if the effect

of thermal radiation, heat generation and viscous dissipations are dominated then the

Eq. (1.45) can be written in following form

(pco),,,1T.l(vv)r]:o' 
[0.,, 

*St'-*)) *e(r-L)*o*, (r 46)

here @ + is the dissipation function representing the work done against viscous force

and is defined by

Q : 2F.[(*)' .(x)'). 
[# 

.*)'

1.3.4 Induction equation

Induction equation is one of the magnetohydrodlmamics equations, is a partial

differential equation with spatial and time variables that relates the magnetic and

velocity fields of an electrically conductive fluid such as a plasma. This equation can

be derived using the Maxwell's equations along with the Ohm's law'

Maxwell's equations can be described by the following expressions.

Solenoidal nafure of magnetic field .B

Y.B:0.

B = F"H.

Faraday's law

YxE=-[t" AH

d̂t

l8
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YxH=J.
Charge conservation

Y.J:0.
Using the Eqs. (1.44), ( 1.49) - ( 1.52), we obtain the induction equation.

eH =vx(vxfl)+ !v'ru,
0t\/4

where I = op,is the magnetic diffusivity.

( l .s l )

(1.52)

( l .s3)

1.5 Methods of solutions

The nonlinear differential equations, along with nonlinear boundary conditions the

coupled differential equations have rare chance of getting exact solutions or even semi

analytical solutions that is why some numerical techniques have been developed.

1.5.1 HAM Bvph2 package

In 2013, Liao [78] developed a homotopy analysis method based package "Bhvh2" that

can deal with many systems of ordinary differential equations. It can solve different

kinds of systems of ODEs, including a system of coupled ODEs in finite interval, a

system of coupled ODEs in semi-infinite interval, a system of coupled ODEs with

algebraic property at infinity, a system of ODEs with an unknown parameter to be

determined and a system of ODEs in different intervals. For simplicity, the BVPh 2.0

needs to input the governing equations along with corresponding boundary conditions

and choose proper initial guess of solutions and auxiliary linear operators for under

consideration linear sub-problems. In this package, one has great freedom to choose the

auxiliary linear operator and initial guess. To run the package, need to define all the

inputs of problem properly, except the convergence-control parameters. Usually, the

optimal values of the convergence-control parameters are obtained by minimizing the

squared residual error.
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Chapter 2

lnfluence of heat generation and heat flux in

peristalsis with interaction of nanoparticles

In this chapter, the peristaltic flow of three distinctive nanoparticles with water as base

fluid under influence of MHD and slip boundary condition through a vertical

asymmetric porous channel is analyzed. The titanium dioxide(TiO), copper oxide

(Cu}) and silicon dioxide (St?) nanoparticles are taken into account. For the

nanofluid, the thermal physical properties models are taken under the impacts of

molecule size, molecule volume fraction and temperature dependence. The basic

governing equations are reduced to non - dimensional form by using appropriate

transformation and long wavelength approximation. Exact solutions are acquired fiom

the subsequent equations. The acquired expressions for pressure gradient, temperature

and velocity profile are depicted through graphs for different relevant parameters. The

streamlines are drawn for some physical quantities to discuss trapping phenomenon.

2,1 Mathematical formulation

Here considers an incompressible peristaltic flow of nanofluid in an irregular channel

with channel width dL + dz. Aslmmetry in the flow is because of propagation of

peristaltic waves of different amplitudes and phases on the channel walls. The fluid

occupying the porous space in the channel wave propagating beside the walls of the

channel with continuous speed c1.

y = Hr = d, + rr"r(Ttx - r,t)),

y = Ht--d2-n,rrr(!{x -r,,1*r).

(2.1)

(2.2)

In the above equations a, and b1 denote the waves amplitudes, 2 is the wave length, c1

rs the wave speed, t is the time, X is the direction of wave propagation and )' is

perpendicular to X. @ (0 < @ < rr) is the phase difference. It should be noted that u :



0 corresponds to symmetric channel with waves in phase, a = T, the waves are out of

phase and the condition at' * brz + 2a.rb1cos(a.r) 3 (d, a dr)' holds. Further in

Cartesian coordinate system, X is taken in the direction of wave propagation and Y in

the direction normal to the mean position of the channel walls. The geometry of the

walls is visualized in Fig. 2,1,

Fig.2.l: Geometry of the problem.

In the presence of MHD and porosity, the governing Eqs. (1.39), (1.41) and (l'a5) in

component notation are

Bo

' (av *uL*rL)="'\0t AX AY)

(pC,,),,(, #., #)= 0.,(#. #)1*.k). eo. (r -ro) e 6)

Here, P is the pressvre,Bo is the uniform magnetic field strength, Qu. it amount of

heat absorbed or generated per unit volume o. is the Stefan-Boltzmann constant and

AU

AX

, (au *uA*rA\=r,,\ot-" ax" aY)-

(2.3)

(2.4)

(2.s)
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[- is the mean absorption coefficient. For the flow under consideration, the velocity

field is V : (U ,V ,O) .lt is assumed that the temperature differences within the flow are

small, so that the term To may be expressed as a linear function of temperature. Hence

by expandin g Tr tn a Taylor's series about 71, and neglecting higher-order terms:

Ta - 4T)T 4r:. Q.7)

The appearance for static and wave structures are connected by the subsequent

associations

x:X -cl, )'=Y, tt-U -ct, Y:V. P:P. (2.8)

After using the transformation given in Eq. (2.8) in Eqs. (2.3) - (2.6) reduce to

L *! = o, (z.e)oxfu
( au av ) op ( a'u d'r., ) ttnt ,

p,,, ltt-;--+v- l=-L+ ll.\ dr ry) ox '"'lur.d)-i@+c')-
oBu'(u+c,)+ (pf.),, g,(T -7,,), 

(2'lo) 
,

0,,1,,*."X)=-X.u,(#.#) -?,, (2,,)

(pc,),(,,+.,+l =0.,(*.*l -*.0,.(r-r,) etz),,[ 0x Ay) '[6r' 0y') 4'

Introducing the dimensionless parameters as follows:

o= oi 
^ 
p, i =L,i=l=,, =4,i =1,i =|t, ,=L, eu=e'rd,'

It 1c/, ct crO dt l A a

Re=c''d' .6=+,A==,i=L,h,=1,h.=*,K=4, (2.13)
Vr 

^' 
T,-To" ca ' dt'" dt Kl

, =t, b =3, Gr =ffo,-r,), M, =#,,n =#,
After using thc above non-dimensional parameters and employing the assumptions of

long wavelength (d -+ 0), the dimensionless governing equations (without using bars)

for nanofluid in the wave frame take the following form:

L*?=0, (2.14)0x Ay
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dp -tt,t 
qy -ou(u*rl- ,(g!*r)* o,\'F=)i, u, (2 rs)dx ptry' p,\fu ) \q, ) lef'),

* =0, (2.16)
ay

(r".-)*+e"o=0. (2.17)
[k, )av' 

Lo

Taking derivatrve of Eq, (2.15) with respect to y obtain

p., oov 
-oF,, 

(o't/\-r(*']*crVL-ug =0, (2 r8)^.r -A-l ^: l-ttt Alr F,\Ay' ) \d' ) lo| ), ay

where W(*,y) satisfies the continuity equation and the stream function defined as

u = OV I 0y asfl v : -OV I 0x Thenon-dimensional boundaries will take the form as

FOw I

v=i,X.p#:-lat y=111,, (2.19) :

F ey frty=-l,ar y=h,,V: -1, 
Ay 

-, Oy, tt), (2'20)

O*y!=O aty=h,, g-r*=l at Y-h, Q,21)dy o))

Where 4=l+acos(2rx), hz=-d+bcos(Zttx+ro).rhe thermo physical

properties, for pure water, titanium dioxide, copper oxide and silicon dioxides are listed

in table 2.1.ln this chapter conductivity of nanofluids Eq. (1.14) and the effective

viscosity of nanofluids Eq. (Ll9) are considered.

Table 2.1. Thermal-physical properties of water and nanoparticles.

Titanium Copper Silicon
Physical water 

dioxide oxide dioxide
Properties (U,O) , -. ^ \2- t (rio,) (cuo) (siq )

o(kgm') ssl.t 4zso.o 6soo,o 3s7o.o

c, (rkg'K'') 4ng 686.2 s4o.o 76s.0

k(w l*-K) 0.613 o.eo o.8s 0.63

B (rc' ) x lo ' zt 8.es38 18.0 36.0
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2.2 Solution of the problem

The exact solutions of the Eqs. (2.17) and (2.18) along with boundary conditions Eqs.

(2.19) (2.21) are found as follows:

Integrating twice Eq. (2.17) with respect to y

o(y) =(C )cosn[qy]* (g )si*r [qy],

Here for simplicity we choose ,, = W' .tNk' -k^'

Using the boundary conditions (2. l9) in Eq. (2.22) the values of constants are as

- si*,[qa, ]+ Tcosh lc,4)c,C.= '

cosh [q( ]+ Tsinh lc,hlc,a =- .

lntegrating Eq. (2.18) with respect to y obtain

rp, = (- sinh ltcrlc, - cosh ltcrlcr)q *
(costr [yc, ] - sinh [yc, ]) c, + (cosh [yc, ] + sinh [vc, ])c,,

C;

where the constants Co - C* are defined as

c, =F"', c, = KF''+M, q = rr(rPf-.)r* . c, =€, * =- ttr tt1 ' (pp-),'"' vq
Now using the boundary conditions (2.19) - (2.20) we obtain

integration

(2.22)

(2.23)

(2.24)

(2.2s)
+ C',, + YCr,

clco - C.C,

the constants of

(2.26)
c6
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c8_,[,,"n[1.,,0 
-, r.,1., * 

l. [,,*[ 'rr.to - r,r)*
-[.",n[].,,r, 

.r.,1..,J-' 
Ir.",n[].,,r, -r",1.,

o[""n[ 
)',,* -'s)., 

{-. l!';^.,=' l!.,0
Ir.",n[ 'rr 

,@- r. ,1., ,J[r,,":i:r,p,. _ n., 
].; t

,[,,,n8 
C,(h * r,r),.]. 

[,*nl)r,,0-r,)l 
* I

[.",n1] 
c,(k +,,lr)r,,J'' 

[r."1, l)r,* i,] ,,)'''r
( cosh lC.k)- cosh lc,t .l+ sinh lc,l\)-

[,,,n 
1c,,, ., [,,,],'lf i]fiiL:ii, 

.) t

[-cost lc,4]+ cosh lc,h,l- )

, ,. ,, [.orhlc,4].lrf7. _n,1*1c,.

lsintr[crr]+sinhlc,h,l*[rinr, ir,o'i ) 
|

[/(cost lc,4]+ sinh lc,kl)c; (t., - n,) )

Icosh lc.|l- cosh lc.,n,]+ sinh lC,\)- sinh IClr,1* "1

[/t.ort lc,n,]+ cosh lc,hrl+ sinh lc,4l+ sinh lc,nrl)
( -F - h, + C.cr(- cosh;Ct J 

+ cosh [c,], ] + )

I 
sinr,[c,4]c,, (1,, - h,)+pcosh[c,n,]C; (r, - h,)+ 

|

I c, c, (- sinh lc,4l+ sinh lc rn,l+ cosh lc,4)c, (4 - n,) * 
|

[+psinrr[q h]c:(h-h,))+h, )

c7

-h,)+

l\ - h,)

(2.27)

(2.28)

cs

Ct, =

25



(2.29)

(2.30)

tr + 2sinh lcrh,lC,Cr + 2coshlCrh,)CrC, +

4(cosh lc,h,)+ sinh[qa,])rsinr[j* (h, + h,)]., .

.",n[; c,(k * r)) )c,(sinhl)r,ro - r,))

p cosh 
l'rr, ro- ,, )l q )q (t + c,4 * ocl k)

, (cosh lc,t,)- cosh lc,hr)+ sinh lC,\)- sinh lc,nr)+
(cosh [c,4 ] + cosh lc,h.,)+ sinh lC.,h,l+ sinh lc,n=l)c

.orn[!
L2

,,,=l

,,J

(c

[,

_l
C, (h, -r,r]* 

[

*2+

.,' 
[;ti:i.l;]'::::;i:i,,)., ) 

* .

_ ^ (cosh lC,h,l+ cosh fc/trl+ ) ^ .t t' 
Ir(r,"r,1c,r, ] - ,irt [..i,])" ,Jtt '

I 
r.,"n l)r, ro- r, )] - cosh 

l)r, to- r. )] c, (h - h,) -

[r,,.n l)r, to - r,))c; @ - h,)

" 
.[:,:l[!:11-)..'l.

.[:::ll:]11 
).,.- )

,..[]:1,2.,.,,),,,r

,',n[-] c,U,.-h,))

p,'*[ )r,0, - r))r:

*[.o,nf _q41-lC,c,)-
IcoshIqa,] )'

c,, =

The mean volume flow rate Q over one period is given as

Q=F+1+d'

Pressure gradient dp I dx,

(2.3 r )
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(c,4 )) )

(it, (k+h=,1 II

(].,,1, *r,y) |

(2.32)

(2.33)

2.3 Results and discussion

In this section our consideration is around understanding the impacts of different

parameters on velocity and temperature distributions, pumping qualities, pressure

gradient, and trapping phenomena for nanofluid that contain three types of particles

copper oxide, titanium dioxide and silicon dioxide with water as a base fluid.

Extraordinary importance is given to the nanoparticle concentrations, velocity and

thermal slip parameters, heat generation and flux parameters, the Hartmann number as

well as porosity parameter. The consequences of heat and mass flow along with

pressure gradient and pressure rise are shown in Figs. 2.2(a) - 2.5(f). The trapping

bolus phenomena is also with the help of streamlines as shown in the Figs. 2.6(a) -
2.e(f).

In order to analyze pumping characteristics, numerical study is done and results are

displayed in Figs. 2.2(a) - 2.2(f), which demonstrates the variation of pressure rise

per wavelength for different estimations of Q, Qo,0,y,M and K along time average

flux Q. Fig.2.2 shows three unique locales as per the marks of Ap and Q, The quarter

(Lp> 0, Q < 0) isnotoriousasretrogradepumpingarea. The area(Lp > 0, 0 > 0)

is known as peristaltic pumping quarter. The highest pressure is meant by P6 in

peristalsis fills for Q : 0. The corresponding time-average flux is represented as Qs'

which is acknowledged as free pumpingat Lp = 0. The quarter (Ap < 0, Q > 0) is

notorlous as copumping region in pressure difference assists the flow as a result of

peristalsis at the wall. Fig. 2.2(a) illustrates the impacts of volume fraction of the

pressure rise Ap. Here, it is seen that pressure rise is increased with the increase of @

all through in the retrograde pumping area. This is due to fact that nanoparticle makes

the walls more adaptable and liquid can easily pass, so that the pressure rise increases

quickly when nanoparticles fraction increases. Fig. 2.2(b) describes that pressure rise
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increases in the whole region for all three types of nanofluid as influence of Qs is

dominated. In addition, least pressure rise is observed in case of (SrO2 + HzO)

whercas, pressurc rise is noted when we choosc (Cu) + Hz0).Fig. 2.2(c) exhibits the

impact of slip parameter on pressure rise, it is watched that in the co-pumping area

pressure rise increases by increase in B for each of the three types of fluid. Fig. ?.2(d)

shows that pressure rise thrive with an expansion in thermal slip parameter all through

the area for every one of the three types of fluid, however y does not put extensive

impact on (SlO2 + H20). Figs.2.2(e) - 2.2(f) demonstrate the impact of Hartmann

number and porosity parameter on pressure rise, it is watched that pressure rise

increases by increase in M and K, in the locale where Ap < 0 however inverse conduct

is secn in the retrograde pumping area.

From Fig. 2.3(a), one can see that pressure gradient dp /dx is decreased as increase of

@ for every one of the three types of fluid. The variation of Qs on pressure gradient is

appeared in Fig. 2.3(b), it demonstrates that dp/dx is falling down on an increase in

Qo. Figs. 2.3(c) - 2.3(d) portray the impact of velocity and thermal slip parameter

separately. It can be seen that dp/dx is increasing by increase in B, however inverse

behavior is appeared on account of y. Figs 2.3(e) - 2.3(f) are attracted to see the effect

of parameters M and K on the variation of dp / dx fiom figures it is noticed that pressure

gradient increases with increase in M and K, here portrayed Figs. Z.a@) - 2.a@) b
understand the variation of temperature distribution over a cross area for various

approximations of Q, Qo, N and 7.

Fig.2.4(a) demonstrates that 0 increases as increase in $ for all the three type of fluid,

It is interesting to note that extreme variation happens (Tioz + HzO) while, generally

less variation is appeared in (Cu) + H20) and the minimum variation is appeared in

(5i02+ H2O).When it is watched in Figs. 2.4(b) and 2.4(c), the same pattern is

observed for heat generation parameter Qo and heat flux parameter N individually, as

it can be found in Fig.Z.a@). An imperative part of current study is to break down the

heat transfer in peristalsis with thermal slip parameter y.With a specific end goal to see

the effect of imperative thermal slip parameter / on temperature profile, have drawn

the Fig. 2.4(d) it is watched that by increasingy,0 increases. It is of hobby that the

most extreme variation happens in the event of (Cu) + HzO), though generally low

measure of variation is seen if there should be an occurrence of (Ti0z + HzO) and least
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variation is seen in (SrO2 + HzO). Figs. 2.5(a) - 2.5(f) are plotted to describe the

impacts of related parameters on velocity profile u. It is seen from Fig. 2.5(a) that

velocity profile increases alongside the right wall h1 however decrease on the left wall

h2 of the channel with expanding the value of @. It is shown in the Fig. 2.5(b) to acquire

the variation of velocity profile u for different values of parameter Qs for every one of

the three type of fluid. It portrays that velocity is increasing with increase of Q6 at the

center of channel however inverse conduct is seen along the left and right walls of

channel. To see the conduct of tV on velocity profile u, showed the Fig. 2.5(c). It is

watched that close to the walls, velocity profile is increasing yet at the center of the

channel velocity profile decreases by increase in N for all the three type of fluids, an

inverse conduct is seen in the Fig. 2.5(b).

Fig. 2.5(d) determines the impact of p on velocity profile it is watched that close to

one side and right wall velocity profile is increasing by increase of B, however at center

of wall, it has seen the inverse conduct of velocity profile. To watch the conduct of

Hartman number and porosity parameter with velocity profile, showed in the Figs.

2.5(e) and 2.5(f) these figures demonstrate that close to one side walls /r1 velocity is

decreasing by increase of M and K individually, however close to the right wall,

velocity increases.

An extremely intriguing phenomena in the fluid transport is trapping. The development

of an inside circling bolus of the fluid by closed streamlines is called trapping and this

caught bolus is pushed ahead along the peristaltic wave with the velocity of wave. The

bolus depicted as a volume of fluid limited by a closed streamline in the wave frame is

moved at the wave pattern. Figs. 2.6(a) - Z.6U) show typical contour maps for the

streamlines with two estimations of 0 (Q = 0.01, Q = 0.04), Figs. 2.7(a) - 2.7U)

show contour maps for the streamlines with two estimations of P (P = 2.0, F = 4.0),

Figs. 2.8(a) - 2.8(f) show contours for the streamlines with two estimations of M

([rl :2.0, M = 2.1) andFigs.2.9(a) - 2.9(f) showcontoursforthestreamlineswith

fwo estimations of K (K = 2.0, K = 2.1), for every one of the four kind of
fluids( Ti)z + H2o, cuo + Hzo, sioz + Hzo). Figs. 2.6(a) and2.6(b) demonstrate

the streamlines for (TiOz + HzO), it is seen that bolus turns out to be expansive when

give more noteworthy qualities to the @.

Figs. 2,6(c) and2.6(d) demonstrate the streamlines for (Cu? + H2O), it is noticed
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that number of bolus increments for higher estimations of @, Figs. 2.6(e) and 2.6(f)

demonstrate the streamlines for (St0z + Hz0).it is demonstrate that bolus turns out to

be expansive as bigger estimations of @. Figs. 2.7(a) and 2.7(b) demonstrate the

streamlines for (TiO2+ HzO),lt is watched bolus gets to be smaller with the more

noteworthy estimations of slip parameter B, Figs. 2.7(c) and 2.7(d) demonstrate the

streamlines for (Cu? + HzO), it is size of bolus is diminished for higher estimations of

B, Figs. 2.7(e) and2.7(f) demonstrate the streamlines for(SrOz+ HzO), it is shown

that bolus turns out to be small as bigger estimations of p. Figs. 2.8(a) and 2.8(b)

demonstrate the streamlines for (TiOz+ H20), Figs. 2.8(c) and2.8(d) demonstrate

the streamlines for (Cu) + Hz0), Figs. 2,8(e) and2.8(f) demonstrate the streamlines

for (SlO2 + Hz)) and it is noticed that bolus turns out to be huge when it had given

morc noteworthy qualities to the Hartmann number M. Figs. 2.9(a) and 2.9(b)

demonstrate the streamline for (TiOz+ Hz)), Figs. 2,9(c) and 2.9(d) demonstrates

the streamlines for (CuO + HzO), Figs. 2.9(e) and2.9(f) demonstrates the streamline

for (SrO2 + Hz)) and it is noticed bolus turns out to be small when it had given more

prominent qualities to the porosity parameter.
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Figs. 2.2(a).Yariation of pressure rise Ap for flow parameter Q.
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Figs. 2. 6(a) - 2.6(d). Stream lines for different values of @.
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2.4 Concluding remarks

In this chapter. key points are seen as:

i. The impact of heat generation parameter on the pressure rise is minimum if

there should be an occurrence of silicon dioxide and water though the impact of

the parameter being a moderately larger than other two types of fluid.

ii. The pressure rise is increasing with the increase of nanoparticle volume fraction

coefficient all through in the peristaltic co-pumping area for each of the three

sorts of fluid.

iii. The thermal slip parameter does not put an extensive impact on pressure rise if

there should arise an occulrence of silicon dioxide and water.

iv. The pressure gradient increases with increase in Hartmann number and porosity

parameter for every one of the three types of fluid.

v. Temperafure is expansions as increment of volume fraction, most extreme

variation takes place for titanium oxide and water while, generally less variation

is appeared in copper oxide water and the slightest variation is appeared in

silicon oxide water.

vi. It is observed that close to left and right wall velocity is increasrng by the

increase of slip parameter.

vii. It is seen that bolus rurns out to be larger when it has given greater value of

nanoparticle volume fraction coefficient for each of the three types of fluid.
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Chapter 3

Porosity effect in peristalsis flow of

nanofluid with entropy generation

In this chapter, the peristaltic flow of nanofluid in vertical asymmetric porous channel

is analyzed. For the nanofluid, the two diverse nanoparticles copper and silver are used

as nanomaterial in water base fluid. Thermodynamic irreversibility is quantified

through entropy calculations. The effects of sundry parameters on entropy generation

and Bejan number are displayed for distinct nanofluid in graphical form. In addition,

the results of heat transfer coefficient and enhancement are shown in tabular and bar

chart.

3.1 Mathematicalformulation

Consider water based nanofluid flow containing copper (Cu) and silver (lg)

nanoparticles in vertical asymmetric porous channel. The mathematical description of

geometry of the problem is shown in Fig. 2.1. After using thc relations Eq. (2.8) and

non-dimensional parameters Eq. (2.13). In the presence of porosity and entropy, the

governing Eqs. (1.39), (1.41) and (1.55) (without using bars) for nanofluid take the

following forms

L*? =0.0x 0y

dp -/t,r tv! -*t (gy*r)* ,r(,00.),, u.dx tr,fu' ttr\fu ) lp|'),

(3 1)

(3.2)

(3.3)
dpn-=- - v,
dy

k, t9*s,t (ty)'=o
k, fu' /r,\il')
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where g, = - 
tlL-, 

taking derivative of Eq. (3.2) with respect to y yields
k t (Tt -To)'

o'' ulY 
- K u( *)*?'(,oP=),'' 

a! 
= o. (3 s)

It | 0)'o tr, \ 0y' / R. \pF' ) , Ay

The non-dimensional boundaries will take the following form

FA
V = r, t= -1, at Y = l\' (3.6)

F u! 
= -t, at y = ltr, (3.7)v = -l' -a),

0 =0 aty = lq, 0 =1 aty = hr. (3.8)

In the present chapter conductivity of nanofluid, Eq. (1.14) and the effective viscosity

of nanof'luid Eq ( I . l9) are considered. The thermo-physical properties for pure water,

copper and silver are listed in table. (3.1).

Table 3.1. Thermal-physicalproperties of water and nanoparticles.

Physical Water CoPPer Silver

Properties (a,o) (cu) (es)

o(kgm') se7.t 8933'0 losoo'o

q (*g'r') 4ns 38s'o 23s

k(W I m-K) 0.613 401'0 42e'o

B (K-' ) 
x 1o-5 2t t '67 I '8e

Entropy generation can be defined as

, - = L( ( 

+)' .(#)' 
). +(,((#)' .(#)' 

).(# 
. #)' ).

u ro['\ax) \ay114lf(axl l.av))(ax 6y)) 
(3e)

!+1u +r)' .

Tr,'k, t

Dimensionless form of the entropygeneration with the help of Eq. (2.13) due to fluid

friction and magnetic field is given as
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N : so 
= rr(99\= *!L n(4\' *KBr(u 

+t)2 
.' Sco "(a,) A \fu') A

The dimensionless form of 56 is known as entropy generation number N5 which rs the

ratio of actual entropy generation rate to the characteristic entropy transfer rate 55, ,

which is defined as fbllows

k_, LT 
^fo ttt A 

--'"G' Toal'" 7o'

The total entropy generation in Eq. (3.10) can be written as

Nr=ffr+No+N^,

where tVs is the he entropy generation due to heat transfer, Np is the local entropy

generation due to flurd friction irreversibility and N6 is the entropy generation due to

porous medium in the fluid. Alternatively, another irreversibility parameter is the Bejan

number which is the ratio of heat transf-er irreversibility to the total irreversibility due

to heat transfer, fluid friction and magnetic field. Mathematically,

where Bejan number ranges from 0 to l.

Solution of the problem

The system of coupled nonlinear differential Eqs. (3.4) and (3.5) along with the

boundary conditions (3.6) - (3.8) are solved by the Mathematica package BVPh 2.0

which is based on the homotopy analysis method. In this package, we choose the

auxiliary linear operators and initial guess for the desire solutions as follow:

wo(v) = -

B =N'" N.'

(3. l 0)

(3.1 l)

(3.12)

(3.13)

(3.14)

(3. 1s)

3.2

r,(d=+. r,\o)=+.
ay o)'

( -z(t. - n,)lt, - y)(h, - y)+ )
\h' + h'-2l)[F 

(k, - +t,t, + hr2 +z(h, + h.)y -rn)
z(4'n,)'

e,(v):ff*
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So tar, we have deflned all the input of this problem properly, except the convergence-

control parameters C,,lk)

Usually, the optimal values of the convergence-control parameters are obtained by

minimizing the squared residual error.

u. = l;,lf * r ?(#).,,WK)= *

E. = 1,,.( U** urt ( *'l' l'r,oo- Jn,li rf -"' hlar= ) )'
The results for velocity and temperature at second iterations of package are obtained as

w(y)=C,r+C,oy*C,r/' *Cru!' *C,rlo *C,rlt tC,n/o *Cro!',

e(y) = Cr, + Cr,,y * Crr!' * C=of' * Crrlo + Crolt * Crr)u * Crr!' .

The coefficients C,, - C^ can be obtained through routine calculation.

3.3 Results and discussion

In this section, all the obtained solutions graphically under the variations of various

pertinent parameters on the profiles of pressure gradient, temperafure, velocity, entropy

generation number and Bejan number through Figs. 3.1(a) to 3.7(d) with water based

nanofluids contained Copper and Silver nanoparticles. The expression for the pressure rise

is calculated numerically using a Mathematica 9.0 software. The trapping bolus

phenomenon observing the flow behavior is also manipulated as well with the help of

streamlines graphs Figs. 3.8(a) to 3.10(c).

In the Figs. 3.1(a) - 3.1(b) we have shown the pressure rise. Fig. 3.1(a) represents

the effects of Brinkman number Br on the pressure rise against the flow rate Q for

different values of Br.lt is noticed here that pressure rise is an increasing function with

thc increases of Br throughout in the pumping region (Ap > 0) at the same time, /p
will be decreasing as the Br increases in the augmented pumping region ( /p < 0).

This can be viewed from Fig. 3.1(b) that Ap will be showes opposite behavior for K

as we observed in Fig. 3.1,(a). From Fig.3.2(a), one can see that pressure gradient

dp/dx is decreases by increasing the nanoparticle volume fraction Q i.e.more the

volume fraction lesser the pressure gradient for both type of nanoparticles copper and

(3.17)

(3. l 8)

(3. l e)

(3.20)
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silver. The variation of porosity parameter K on pressure gradient is shown in Fig.

3.2(b), it shows that pressure gradient is increasing on an increase inK for all three

types of fluid it is also observed that pressure gradient is least in case of pure water

whereas the effect of K is relatively larger in the cases of copper water and silver water

fluid. When we observe Fig. 3.2(c) we have observed that by increasing Br, pressure

gradient is increasing.

The Fig. 3.3(a) presents the effects of temperature 0 for the different values of volume

fraction @ it is observed that as we increases the @ temperature also increase fbr both

type of fluid copper water and silver water but the impact of silver water fluid is greater

than the copper water fluid it is may due to maximum thermal conductivity of silver is

caused of maximum temperature, we presented the Fig. 3.3(b) to show the behavior of

temperature profile with the effect of Brinkman number Br the temperature e increases

as the increases of Br for all three cases of study, the impact in the case of pure water

is least. The Fig. 3.a@) presents the effects of velocrty u for the different values of

volume fraction O it is observed that thise figure are prepare within range of particle

volume fraction 1,o/o 3 Q a 4o/o,as the requirement of Eqn. L.1,7 we see from the figure

that as we increases the @ velocity also increases, we presented the Fig. 3.4(b) to show

the behavior of velocity profile with the effect of porosity parameter K it is observed

that near the left wall velocity profile decreasing by increases of K but near the right

wall we noticed the opposite behavior of velocity profile. We can see the impact of

parameters Gr on the variation of velocity from Fig. 3.a(c). It is noted that velocity is

decreases as increases of Gr near the left wall of the channel while the opposite behavior

is noticed near the right wall of the channel it is also observed that impact of Gr on

velocity considerably least as the case of pure water as compare of copper and silver

water fluid.

We have presented the Figs.3.s(a) - 3.5(c) to obtain the variation of entropy

generation number Ns for varying the magnitude of the parameters K, A and Br. From

Fig. 3.5(a) it depicts that Ns is increasing with increase porosity parameter K. Figs

3.5(b) shows the higher value of zl displays least entropy and 3.5(c) shows that Ns is

directly proportional Br throughout the channel for all three types of fluid the impact

of copper water and silver water is observed more than pure water.
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Figs. 3.6(a) - 3.6(c) are prepared to analyze the Bejan number with respect to change

in different physical constraints involved. Fig.3.6(a) depicts that with the increase in

K, there is a decrease in Bejan number. Fig. 3.6(b) shows the variation of Bejan number

for different values of .zl,we see that Bejan number is increasing by increase in the

values of 21. Fig.3.6(c) shows that there is an opposite behavior for Br as we see for

21. The effect of porosity parameter K on the trapping is illustrated in Figs. 3.7(a) -
3,9(c). In these figure, we kept all parameter fixed as a = 0.1, b = 0.5, d : l,Q =

2.5,{,):1 , Br:0.3and Gr=2. Figs.3.7(a)-3.7(c) show the streamlines with'6

threevaluesof K (K =L.7,K =2.4,K =2.8) forpurewater. Itisnoticedthatbolus

becomes larger when we give greater values of K. Figs. 3.8(a) - 3.8(c) show the

streamlines for H2O * Cu and it is noticed that boluses becomes large for higher values

of porosity parameter K. Further, more trapped bolus appears with increasing

permeability parameter K. Figs. 3.9(a) - 3,9(c) shows the streamlines for H20 * Ag,

one can observed that size of bolus becomes large as large values of K, from all these

Figures it is important to noticed that boluses formation is not symmetric about the

central line of the channel.

The dimensionless form of heat transfer coefficient h = -Kfe'(0) , numerically

results in the tables 3.2 to 3.3 illustrate the effects of particles volume fraction and

porosity parameter on the heat transfer coefficient. These tables are repaired by fixing

theparametersasA:0,1,b:0,5, d.:t.Q:0.5,o ::,8, = 0.3andGr = L.The

table 3.2 depicts that when volume fraction of nanoparticles suspension in the base fluid

is increased heat transf'er rate, i.e., when we choose silver and copper nanoparticles,

heat transfer rate of water is improve for copper 30.590/o,33.750/o and 35.89 oh

corresponding to 1o/o, 2.5o/o and 4Yo particles volume fraction respectively similarly

for silver nanoparticles 3L.84% ,34.93o/o and37 .04 0% corresponding to Lo/o,2.5o/o and

4oh particles volume fraction shown in the form of bar chart 3.1.The effect of porosity

parameter on heat transfer coefficient in table 3.3. In this table, we analysis that heat

transfer decreased with the enhancement of porosity parameter. We also examine that

in the case silver particles heat transfer are more rapidly decreased as compare to copper

water case shown pictorially in the form of bar chart3.2.
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Figs. 3. 9(a) - 3.9(c): Stream lines of Hz0 + Ag for different values of K.

(o) for =L.7, (b) for K =2.4, (c) for K:2.8.
Table 3.2. Effect of volume fraction on Heat transfer coefficient.

Nano particles

Silver Copper
L
C)P

26
(n()
:C)
;:o

0%

t%

2.5%

4%

0.39

0,572211

0.59937

0.519394

0.39

0,561904

0.s88702

0,608352

Table 3.3. Effect of porosity parameter on Heat transfer coefficrent'

Fluids

t<-()€
26
do
Ltl

2o)
0.38519

0.37463

0.36072

0,35191

0.34806

0.342

55



40 00

35 00

.t0 00

25 00

2r).00

15 00

L0 00

500
0.00

7.5% 4%

Nano Partrcle Volume Ftrctton

Copper I Stlver

Bar chart 3.1. The Enhancement in heat transfer rate of water by particle volume

fraction.

019

0.38

017

0 .16

0 t5

u i.l

031

n:)
I

K=1.5

Bar chart 3. 2. The Deterioration in heat transfer rate by porosity parameter.

In order to validate the nanofluid properties, the thermal conductivity of water was

calculatedfromEq.(1.14)attemperaturesof288,l5K,298.l5Kand308.l5K.Then,

the calculated data of water were compared with the reference data presented in the

standard textbook [79]. As shown in Fig. 3.10, the results show that the measured data

gave reasonable agreernent with the reference data. Furthermore, the results also show

that the uncertainty of the thermal conductivity measurement is approximately 3.5%.

The thermal conductivity of Ag-water as a function of particle volume concentration

and temperature compared with the reference data presented in [80] is shown in Fig.

3.1 l. The thermal conductivity of the nanofluid is observed to increase with an increase

in temperature and particle volume concentration. The minimum enhancement for @ :
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0.60/o and a maximum enhancement for @ = 0.60/o are observed when compared with

pure water for the same temperature. Fig. 3.12 shows a comparison of calculated

conductivity of nanofluids of Eq. (1.19) with the reference data presented in [80]. The

viscosity of the nanofluid increases with an increase in particle volume concentration

and decreases with an increase in the temperature.

TemPerature (K)

Fig. 3. 10: Comparison of the thermal conductivity between calculated data Eq. (1.14)

and standard data [79].
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Fig. 3.12: Comparison of the viscosity of silver-water nanofluids as a function of
temperature and volume fraction between calculated data Eq. ( I . l9) and reference

data [90].

3.4 Concluding remarks

ln this chapter we discuss the Interaction of copper and silver nanoparticle with base

fluid water for the peristaltic flow in porous vertical channel, key points are observed

as follows.

i. It is observed that pressure gradient is least in case of pure water whereas the

effect of porosity parameter is relatively larger in the cases of copper water and

silver water fluid.

it. It is observed that near the left wall velocity profile decreasing by increases of

porosity parameter but near the right wall we noticed the opposite behavior of

velocity profile.

iii. It is observed that as increases of nano particle volume fraction the temperature

also increase for both type of fluid copper water and silver water but the impact

of silver water fluid is greater than the copper water fluid.

iv. It is observed that entropy generation number is directly proportional to the

Brickman number throughout the channel for all three t)?es of fluids the impact

of copper water and silver water is observed more than the pure water.

v. tt is observed that nanoparticles suspension in the base fluid is increased heat

transfer rate.

vi. [t rs observed that heat transfer shows deterioration effect with the enhancement of

porosity parameter.
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Chapter 4

Interaction of nanoparticles for the

peristaltic flow in an asymmetric channel

with the induced magnetic field

In this chapter, collaboration of nanoparticle copper with the base fluid water in an

asymmetric channel in the presence of induced magnetic field is examined. The

complexity of equations describing the flow of nanofluid is reduced through applying

the low Reynolds number and long wavelength approximations. Exact solutions have

been obtained from the resulting equation. The obtained expressions for velocity and

temperature phenomenon are sketched through graphs, The resulting relations for

pressure gradient and pressure rise are plotted for various pertinent parameters. The

streamlines are drawn for some physical quantities to discuss the trapping phenomenon.

4,1 Mathematical formulation

Consider water based nanofluid flow containing copper (Cu) in vertical asymmetric

channel. The mathematical description of geometry of the problem is shown in Fig. 2.l.

After using the relations Eq. (2.8) and non-dimensional parameters Eq.(2.13) In the

presence of induced magnetic field, the governing Eqs. (1.39), (1.41), (1.45) and (1.53)

(without using bars) for nanofluid take the following form as

AUA
-a'=g,ox A'

dp - tt,,r q-y*Res,ro 
*(,0F.),,, o,.r.dx lt t ry' I 11 

lp?') ,

(4 l)

(4.2)

@ =0.
dy
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@,, = o,,( u-*l , \4.4)
\ oy)

a'o ^ k,
;.*0. Q.=0, (4.5)oy- k,t

where *=L, R^=otrt"d,c,, S, = 
?E,putting 

Eq. (a.a) into Eq. (4'2),we

obtain

dp -/t, qy.Res,,R,, ( u_Iy\*(,oP'r)r,, ,r, (4 6)dx tr, fu' ' "'\.. 4') \pp')

Taking derivative of Eq. (4.6) with respect to y , we get

t', al^wr+ResfR, (-*).(,o7=)r', cr!=0. (4,7)
/r, fuo --- -' '[ 4,' ) lpg'), ey

The non-dimensional boundaries are

F u! 
= -r, at y = lq. (4.8)v =1' 

oy

F ov 
=-1. at y = h,.V -- -7, At, (4'9)

0=0 aty=\, 0:l aty:hr, (4.10)

<p=0 aty=4, (D:0 aty=hr. (4.11)

The pressure rise Ap in non-dimensional form is defined in Eq. (2.26), axial induced

magnetic h, and current density -/- in non-dimensional form are defined as

.a@
h, = ^ (4.12)

oy

J"=-o!^,. (4.13)
oy

In this chapter conductivity of nanofluid and the effective viscosity of nanofluid given

in Eqs. (1.12) and (1.10) have been used, thermal physical properties of water and

nanoparticles at defined in table 3.1.

4.2 Solution of the problem

The exact solutions of the Eqs. (4.4), (4.5) and (4.7) corresponding to associative

boundary conditions given in Eqs. (4.8) - (4.1l) are calculates as



lntegrating twice Eq. (4.5) with respect to y

o(t) = q, cos[crv]* Co sin [C,Y] , @.t4)

for simplicity we choose ,rr:W, C,o and C,' are constant of tntegration

Ji,,,

which are calculating by using the boundary condition (4.10) as

Crrr =-cos[Crnh.,fcsclc=r(4-4)), (4.15)

c, =csc[c2r(4-4)fsitlcrrta), (4.16)

Similarly integrating Eq. $.7) with respect to y we get

r(.r') - C,, * -vC,* * 
((c" )tott''Ic"-r'] +(c" )tinn Ic"'v]) *

C,,, )

c,o (-cos[t CrofCu, + sin [lCr, ]C,, ),

where the constants C, -C* are defined as

Ctz = ReSl R^, Ctt: tE 
. C,, - , 'u ' '

.E'"0 - crr(c^r'**cu)

Using the boundary conditions (4.8) - (4.9) we obtain the constants of integration as

(4.17)

(4. r8)
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c,"hl)r,,@ - 
^r)r,,

l- )

1r,,4)

(4.20)

(4.2t)

lr=)
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[.",] [l;,; 1-)''" l),,, 

(,, -,,))

[."'[ 'rr,,ro + n)]c,, 
ICr'Crol -.. --' 

I

[-'i,l)r-(t, 
* h,,]., 

.,l
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'l4 
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I

llf .

-2 + cothl ic,, (4 - hr) lc,,(4 - h,)
LZJ

C,, =

For finding the magnet

to y we get

2 + C .[[,,:i:;:11.).,, . 
[.",11;:l:1.)" )'* 

.

."'n 
[] 

C,,(4- r,)].,,

['. [.",[!;,11-).,'''l

I t* l?,'",,))c,,C,. )

ic force function integrating two time of Eq. (4.4) with respect

(4.22)

(4.2s)

Isin[yC,]C,, + cos[.vc,,]c.,, -sinh[1c,,]q' - )
o(v) = 

[.ort [yg, ]q, * c* + vC* *lnr'n, -)t'c,,n.)'

I

I

I

I

I

(4.23) i

where the constants

(- - C,nc,,R,,. 
c,,, = 

Ct,CroR,n. C,,: 9+. c,. - 
costr[y9r-,]CroR. . $.24)\-lr- 

C, 'L4o- Cr, 'Lat -{ 'v{:- Ci

Using the boundary conditions (4. I I ) in Eq. (4.23) obtain the constant of integration as

sin IC,,ft, ]q, * cos[C,,i, ]c-, -
sinh [C,,fr, )Co, - cosh [C,4 )co, +

L otn1n,, -f,c.,n1 n,,

-h2

sin [c,,fr, ]q, * cos[Cnft, ]q, -
sinh IC,,ft, ]c., - cosh IC,,i, fCo, +

! nnin, -Lrc,,t;n,,
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Zsinlcrot|]q, - Zsinlcroh.]q, *
2 coslC rn l4fc oo - 2 coslC rn hrfc oo -
2sinh[q,4 )co, +2sinh [q3ft, ]q, -
2 cosh [C,, ft, ] c., * 2 cosh lC ,rhrfc u +

nnl n, - cuhl R, - nhin, + C,rhlR,

The mean volume flow rate Q over one period is given in Eq. (2.31) and pressure

gradient dp I dx,axial induced magnetic h, and current density J - are obtained as

(0.5 - 0.25q,F)(cosh(C, 3h1 - zAsh.) -sinh(C,,fr, - 2.Cn4)) +

(-0.25C\1F - 0.5)(sinh(2Crrh, - C\h2) + cosh(2C.,,ft, - C.rhr)) +

(0.25CnF + l.5Xsinh(C..4) + cosh(C,,ft, )) +

dp _ (0.25C.,,F - l.5Xsinh(C,r&, ) + cosh(C,,4))

d,, - (sinh(C,,ft, ) + l.cosh(C,,( ) - sinh(C, .hr) -) '

cosh(C,,i, ))(-0.5q,4 sinh(C,,0, - C uhr) +)

O.5c13h2sinh(C,,( - C..hr.) + cosh(C,.,( - qlhr) - l))

ft, = cos [.vC, ]c,,c,, - sin [l'cr, )crCon -
coshI r,C,, ]q,c., - sinh[.vC,, ]q,c., + Cro + E)'R,, - yC.rR,,,

J_ = sin [.rc,, ] ciCr, + cos[]'c,,lc'rcru +

sinh [t'C, ]c;c-, + cosh l,r'C,, ] CJ.Co, - ER* + C*R,.

4.3 Results and discussion

In this section, the impacts of various physical parameters, on the pressure rise, pressure

gradient, temperature, axial induced magnetic field hr, current density i, and the

velocity profiles for copper nanofluid and pure water fluid with the assistance of

graphical results showed in Figs. a1@) - 4.6(b). The expression for the pressure rise

is ascertained numerically utilizing a mathematics software. The trapping phenomena

in the Figs. a.7@) - 4.9(d).

Fig. 4.1(a) expresses the impacts of @ on the pressure rise. It is seen here that pressure

rise is an expanding capacity with the expansions of @ all through in the retrograde

pumping region In the Figs. 4.1(b)- 4.L(c), it is measured that Ap gets diminished

with the expanding impacts of Sland R- for both copper water and pure water cases

in the retrograde localc. From Fig. a.2@), it can be seen that pressure gradient

diminishes as nanoparticle volume fraction is increased. The variation of the.91 and Rr,.

/-l'*--z(tt-4) (4.26)

(4.27)

(4.28)

(4.2e)
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have the same conduct on pressure gradient graph, the both show expanding pattern as

parameters worth builds see Figs. 4.2(b) and 4.2(c) for both the cases, copper-water

and pure water. The contrast between copper nanofluid and pure water fluid is that the

copper nanofluid contains more pressure than the pure water. it can see the effect of

parameters local temperature Grashof number Gr on the variation of dp /dx from Fig.

4.2(d), at the point when every single other parameter are kept settled. It is noticed that

pressure gradient diminishes as Gr increments. o as to see the contrast between copper

nanofluid and pure water, constructed the table. 4.1. Grashof number Gr and other flow

parameters are altered as d='1..0, a=0.2,,00=0.3, R*=1'.0, b=0.4, @-

rc/6,Re = 1.0. From table,4.2 it has watch that the copper water and unadulterated

water, both give us diminishing estimations of pressure gradient as expand the

estimation of Gr. F'ig. a.3(a) presents the impacts of temperature I forthe distinctive

estimations of @ one can see that as expansion the @, temperature additionally

increments, exhibited the Fig. 4.3(b) to demonstrate the conduct of temperature profile

with the impact of heat generation parameter Q6 the temperafure I increments with an

expansion of Qs for both copper-water and pure water cases. The distinction between

these can be seen from the table 4.3. It is seen from Fig. a.a@) that velocity prof,rle

diminishes close to both dividers of direct however increments in the focalpoint of the

divert with expansion in the estimation of @. To see the conduct of velocity profile u

for thc instances of copper water and unadulterated water with the varietion of R-and

.S1 showed in the Figs. 4.4(b) and 4.4(c).Velocity profile u increments close to the

dividers of diverts however amidst the channel, velocity diminishes by expansion in

R,,, and 51 separately.

Fig.a.a@) is drawn to acquire the variation of u for differing the magnitude of the

parameters Gr. The Fig.a.a@) delineates that in the event of copper nanofluid there

are demonstrated three stages in the channel i.e.,left divider, focal point of divider and

right divider, be that as it may, for the pure water case there are two stages i.e., from

left to the middlc, and from focus to one side. It can watched that if thcre should be an

occurrence of copper water velocity is reductions in the first and third stage i.e., close

to one side divider and right divider separately with an expansion of Gr.ln the focal

point of channel, the estimation of velocity goes to the most extreme level. In the event

of pure water, velocity profile increments from the left mass of channel to the focal

point of channel on expansion of Gr. Yet, inverse conduct is seen from focus of the



channel to the right divider. Breaking down this contrast between copper water and

unadulterated water numerically, it has drawn a table 4.4. . Fig.4.4(e) talks about the

practices of Qs.on u versus y for both, copper water and unadulterated water. One can

see that velocity profile does not change to awesome degree as contrast with copper

water liquid. It can be seen that velocity is expanding by expansion in 00. Figs. 4.5(a)

and 4.5(b) demonstrate the variations of magnetic Reynolds and Stommer's number on

an axial induced magnetic field h* versus y. It is fascinating to note that in the half

district of the channel, the induced magnetic field is in one course. Nofwithstanding, it

is the other way in the other half district of the channel. The Fig. a.5@) shows that

magnitude of h, increases R-increases from divider h, to the center of channel, yet the

diminishing pattern is seen in the other portion of the channel keeping R-increased.

Then again, the impacts of 51 on h, are very inverse in examination to R-. It has

likewise displayed the tables 4,5 and 4.6, to demonstrate this distinction in copper

nanofluid and pure water. In Figs. a.6@) and a.6(b) the current densityTris appeared

as an element of y for three distinct estimations of R- and 51 both of these figures are

of of parabolic type, ln the both figures the magnitude of j, declines as the estimations

of R- and 51 increase. Figs. 4.7(a) - 4.7(d) demonstrates the streamlines for the

different estimations of the parameter @. It is noticed that bolus turns out to be huge

when it give more noteworthy qualities to the value of @. Fig a.7 @) - 4.7 (d) is drawn

for the nano copper fluid it can be see that bolus turns out to be small when it give more

noteworthy estimations of Gr where one can saw that from Fig.4.8(a) - 4.8(d) on

account of pure water, number of catching bolus is diminishing with expanding and in

addition size of bolus additionally diminishes.
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Table 4.1. Numerical values of pressure gradient dp I dx for different values of Gr .

x

Gr = 4.0 Gr =6.0 Gr =8.0

Cu+ H.O HrO

d=0.2 Q=0'0

Cu+ H.O HrO

0=0.2 d=0'0
Cu + HrO HrO

0 =0.2 d =0'0

-4.0

-3.5

-3.0

-2.5

-2.0

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.s

4.0

-5.6484

-6.2600

-5.6805

-4.4844

-3.4599

-2.8156

-2.4735

-2.3404

-2.3730

-2.s821

-3.03 30

-3.8281

-4.9784

-6.0437

-6.t4s9

-5.1793

-3.99s0

-s.s0l 96

-6.t127

-s.53 39

-4.3405

-3.3217

-2.6873

-2.3576

-2.2332

-2.2633

-2.46t2

-2.9002

-3.6871

-4.8332

-5.8966

-5.9987

-s.0336

-3.8s31

-4,091 I

-4.4551

-4.n04

-3.3728

-2.7004

-2.2481

- L9950

- I .8940

- 1.9188

-2.0764

-2.4039

-2.9476

-3.6824

-4.3272

-4.3878

-3.8061

-3.0s74

-4,1563

-4.5206

-4.17s6

-3.4368

-2.7619

-2.3053

-2.0468

-1.9421

- 1.9680

-2.1304

-2.4630

-3.0103

-3,7470

-4.3926

-4,4532

-3.8709

-3.120s

-s.7369

-6.3443

-5.7 687

-4.5855

-3.5852

-2.9770

-2.6757

-2.5687

-2.5940

-2.7682

-3.1786

-3 9422

-5,0731

-6.1292

-6.2308

-5.2718

-4. 1051

-6.0299

-6.6389

-6.0618

-4,8733

-3.8616

-3.2337

-2.9073

-2.7832

-2.8133

-3.0101

-3.4442

-4.2240

-s,3636

-6.4234

-6.5252

-5.5632

-4.3888
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Table 4. 2. Numerical values of temperature 0 for different values of Qo.

Table 4.3. Numerical values of velocity tz for different values of Gr.

Qo =0'4 Qo =0'6 0 =0.8

v

Cu+HrO HrO

d=0.2 0=0.0

Cu+ HrO HrO

d=0.2 0=0.0

Cu+ HrO HrO

0=0.2 0=0'0

-1.21

-0.8 r

-0.41

-0.01

0.38

0.78

l.0000 L0000

0.8685 0.8583

0.7180 0.1029

0.s518 0.5363

0.3734 0.3612

0. r 869 0.1802

1.0000 1.0000

0.9098 0.8866

0.7797 0.7449

0.61 56 0.5795

0.4245 0.3955

0.2148 0.1989

1.0000 1.0000

0.9s82 0.91 8l

0.8s36 0.7924

0.6931 0.6288

0 .487 1 0.43 s r

0.2492 0.2206

Gr =2.0 Gr = 4.0 Gr:6.0

v

Cu+ H,O HrO

d=0.2 Q=0.0

Cu+ H,O HrO

0=0.2 0=0.0

Cu+ HrO HrO

0 =0.2 0=0.0

-t,21

-0.91

-0.61

-0.31

-0.01

0.28

0.s8

0.88

-1.0000 -1.0000

-0.5097 -0.2750

0.1199 0.1929

0.6023 0.4379

0,7596 0.4853

0.5395 0.3540

0.0202 0.0s69

-0.5966 -0.3996

-r.0000 -r.0000

-0.7042 -0.2347

0. r 067 0.2s26

0.8184 0.4895

r.052s 0.s039

0.6970 0.3261

-0.0836 -0.0104

-0.863s -0.4696

-1.0000 -1.0000

-0.8986 -0.1945

0.0934 0.3t23

1.0345 0.5412

t.3454 0.s22s

0.8s46 0.2981

-0.1876 -0.0777

-l.1304 -0.s396
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Table 4. 4. Numerical values of velocity u for different values of Qo .

Qn = 0'4 Qo =0'6 0o = 0'8

v

Cu+HrO H,.O

0 =0.2 0 =0.0

Cu+ HrO HrO

0=0'2 0=0.0

Cu+HrO HrO

0=0.2 d=0'0

-1.21

-0.91

-0.6 r

-0.3 r

-0.01

0.28

0.58

0.88

-1.0000 -1.0000

-0.I 149 -0.0980

0.2039 0.2545

0.287s 0.3575

0.2796 0.33s4

0.2272 0.2307

0. l04l 0.0347

-0.2130 -0.32t9

-1.0000 -r.0000

-0.1072 -0.1046

0.2269 0.2566

0.3123 0.367s

0.2910 0.346s

0.2181 0.2357

0.0782 0.0293

-0.2405 -0.3340

-1.0000 -1.0000

-0.0569 -0.1 153

0.2992 0.2s81

0.3634 0.381 I

0.2912 0.3629

0 1678 0.2439

0.0065 0,0229

-0.2923 -0.3506

Table 4.5. Numerical values of axial induced magnetic field ft, for different values of

R,n'

R, = l'0 R,,, =2'0 R,, = 3.0

v

Cu + HrO HrO

0=0.2 d=0.0

Cu+HrO HrO

d=0.2 0=0.0

Cu + H"O HrO

d =0.2 0 =0.0

-t,21

-0.91

-0.61

-0.31

-0.01

0.28

0.s 8

0.88

0.000 0.0000

0.3242 0.1662

0,3976 0.t841

0.2485 0.1068

-0.01s3 -0.01r6

-0.2715 -0.1244

-0.4000 -0.1868

-0.3010 -0.t487

0.0000 0.0000

0.3058 0.1570

0.3650 0. r 700

0.2249 0.0969

-0.0130 -0.0098

-0.2446 -0.1 I 19

-0,3674 -0.1721

-0.2860 -0.t421

0.0000 0.0000

0.2860 0.147 |

0.3308 0.1s4s

0.2004 0.0866

-0.0109 -0.008 I

-0.217t -0.0992

-0.3333 -0.l s6s

-0.269s -0.1347
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Table 4.6. Numerical values of axial induced magnetic field ft, for different values of

R

R,, = 1'0 R =2.0 R =3.0

v

Cu+ HrO HrO

0=0.2 d=0'0

Cu+ HrO HrO

d =0.2 0 =0.0

Cu+HrO HrO

0 =0.2 0 =0'0

-t.21

-0.91

-0.61

-0.31

-0.01

0.28

0.s8

0.88

0.000 0.0000

03242 0.t662

0,3976 0.1847

0.248s 0.1068

-0.01 53 -0.0 I t6

-0.2115 -0.1244

-0.4000 -0. 1868

-0.3010 -0. 1487

0.0000 0.0000

0.3058 0.1570

0.36s0 0. 1700

0.2249 0.0969

-0.0130 -0.0098

-0.2446 -0.rIl9

-0.3614 -0.1721

-0.2860 -0.1421

0.0000 0.0000

0 2860 0.1471

0.3308 0.l s4s

0.2004 0.0866

-0.0109 -0.0081

-0.2171 -0.0992

-0.3333 -0.1s65

-0.269s -0,1347

_ 0=0. 1

Q=0.2

0=0.3

0=0.4

Qo=03,Re=10,

Xr=/ 0,51 =2.0,o=4,6'
a = 0 2. b = 0.1. d = 1.0. Gr = 1.0.

-3-2-10123
o

Figs. 4.1(a). Variation of pressure riseApfor flow parameter fi .
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a

Figs. 4. 1(b). Variation of pressure rise Ap for flow parameter S, .

go = 0.3, d -- 0.2

S,-l0.Gr-10.u=Lb'
n=0.2,b=0.1,d =1.0.

-3-2-10 ')

o

Figs. 4. 1(c), Variation of pressure rise Ap for flow parameter R, .
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Figs.4.2(a).Yariation of pressure gradientdp I dx for flow parameter Q .
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Figs. 4. 2(b).Yariation of pressure gradien ,)0, *ior flow parameter ,Sr

Q = -2 0,Qo = 0.3, Re = 1.0,
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Sr -- I 0, Gr = 4 0, ," = 6,

ijz la =0 ),b =04.d = I 0. d =0)l'Yz
)

Figs. 4, 2(c).Yariation of pressure gradientdp I dx for flow parameter Ru .
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Figs. 4.2(d).Yariation of pressure gradientdp I dx for
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flow parameter Gr .

Q=-)0,Q0=03,Re=10,
Rr, = I 0, Gt' = 1.0, t,t =!,6'

Y/ la=0),b =0.1,d = 10, d =02

Cw+E2O

Pure Water

'St = 2 0'

St=30,
St=J0

- 
Cu+E2O

Pure Water

Q=-)0,Q0=03.Re=10,
,,1 ,7
i, Rn,=10,5)=)0u=-,'wri "' 6t:-i 

la =o 2,b =o.1,cl = l o, d =o)

V
= 4.0,

= 6.0,

= 8.0.

Gr

Gr
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Figs. 4. 3 (a). Variation of temperature profile d for flow parameters / .
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Figs. 4, 3 (b). Variation of temperature profile d for flow parameters 00
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Figs. 4. 4(a).Yariation of velocity profile u with for flow parameter /.
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St=10,
Si =-'0,
sr -- J.0

-* 
Cu+fl2O

" Pure Water

Q=2.Q0=0.8,Re=10,
R^ = l.(). Gr = 2.0, o =4 ,

6',

a = 0.2, b = 0.1, d = 1.0, d = 0.2

- 1.0 -0.5

Figs. 4. 4(b).Yariation of velocity profile lt

0,0 0.5 1.0

.t'

with for flow parameter ,S, ,

0.0

.l'

Figs. 4. 4(c).Yariation of velocity profile tt with for flow parameter Rm

I
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-0 -s

-1.
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Figs. 4. 4(d). Variation of velocity profile u

0.0 0.5 1.0

.1'

with for flow parameter G,
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Pure Water

---
V

Rr, =

Rr, *-

Rr=

:
I
1

-t.

0,

0,

0

Q=).Qo=08,Re=10,
St = ).0. Gr = 2.0, , =f, -

= 0.2, b = 0.1, d = 1.0. d = 0.2.

Gr' = 2.0,

Gr = J,0,

Gr -60

Q=2 Qo=08,Re=10,

Rn = 1.0, St -- 1.0, u =I6',

= 0 2. b = 0.j, d = 1.0. d = 0.2.
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Figs. 4.5(a). Variation of axial induced magnetic field ft, for different parameter rt,.

0

0.

-1.

-0.2 0.0

h,

induced magnetic

Qo = 0.1,

Qo = 0.6,

Qo = 0.8

Q=2.Re=10,R,,,=).0.

St=20,Gt'=20,r=4,6'
a = 0.2, b - 0 l, d = I 0, d = 0.2.

-{-----r- R,n = 2.0,

L. 
tr R^=3o'

Rn=10,

Rm=20,

Rr,=30'

Q=2,Q0=0.8,
Re=1.0.E=0003,

S,=10.r=2.'6
a=02,b=0.'t,
d=l.0,Gr=10.

/tt e, _1n
- -rfl -> "t

s7 -1..r,t\\.. =\
.. - r, -tj', - ]s] --20,<i,)
57 =J-5 ^',

Q=),Qo=08,
Re=l0.Rr,=10,

E =0.003.*=4.
6

a = 0 2, b - 0l,
d = 1.0, Gt' = 1.0.

Figs. 4.5(b). Variation of axial

76

held ft, for different parameter S,



0

0.

0.

:- 0,

-0

-0

-0
0.0 0.5 1.0 1 5

t,
Figs. 4. 6(a). Variation of current density J " for flow parameter R,,.

0

0.

0

;0

0.2

-01

-0
0.2 0.4 0.6 0.8 1.0

Jz

Figs. 4. 6(b). Variation of current density J - for flow parameter S, .

Rn=0 5, I \
Rr,='/ P,1I-- ' . l. .

rl
.R,,, =/ -i. , ,

. -. "-t-. .-*- -"
,

{0 l,E=0003,u= 6,
a - 0.2.b -- 0.1.d - l.O,Gr - I 0.

-- 
Crt+H2O

Pure llater

St = 0.0, ',tt
St = 4.6,

ffir=ooo3u=+,
a = 0.2.b = 0.1,d = I 0,Gr = I 0

7l



2

I

o

-l

-2

-2.0- r-5- 1.0-0.5 0.0 0.5 1.o 1-5

v

(c)

v
(d)

Figs.4.7(a)- 4.7(d). Stream lines of copper water fluid for different values of @.

(a) for Q=0.1, (b) for Q=0.2, (c) for @=0.3, (d)for Q=0.4.The other

parameters ate Q:2.0, al = 0.3, a:0.2, b:0.3, d=1.0, Gr:L.0, R-: L.0,

51 : 2.0, Re : 1.0 and Qs : 0.1..
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Figs. 4. 8(a)- 4.8(d). Stream lines of copper water fluid for different values of Gr.

(a) for Gr : 1.0, (b) for Gr = 2.0, (c) for Gr = 3.0, (d) for Gr : 4.0.The other

parameters areQ =2.0,u = 0.3, a = 0.2,b:0.4,d = 1.0,Q = 0'4,R*= L.0,51 :
2.0, Re : 1..0 and Qs = 0.1..
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Figs. 4.9(a)- 4.9(d). Stream lines of pure water for different values of Gr.

(a) for Gr = 1.0, (b) for Gr = Z.O, (c) for Gr = 3.0, (d) for Gr = 4.0.The other

parameters areQ - Z.O,a = 0.3, a= 0.2,b = 0,4,d = L.0,@ = 0.0' R^= 1.0,51 =

2.0, Re = 1..0 and 0o : 0.1.
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4.4 Concluding remarks

In this chapter the communication of nanoparticles for the peristaltic flow with induced

magnetic field is investigated. Key focuses are seen as

i. It is seen that pressure rise is an expanding capacity with the expansions of

nanoparticle volume fraction all through in the retrograde pumping area.

ii. It is measured that pressure rise gets diminished with the expanding impacts of

Stommer's and magnetic Reynolds number for both copper water and

unadulterated water.

iii. The variation of the magnetic Reynolds gives the same conduct on pressure

gradient for both copper water and pure water.

iv. It is noticed that value of pressure gradient is reductions as expansions of

Grashof number.

v. For the distinctive estimations of volume fraction, it can see that as expansions

the volume fraction temperature likewise tncrements.

vi. Temperature profile increments as the expansions of heat generation parameter

for both copper water and pure water cases.

vii. It is watched that if there should be an occurrence of copper water velocity is

reductions in the first and third phase 1.e., close to one side divider and right

divider individually with an expansion of Grashof number. In the focalpoint of

channel, the estimation of velocity goes to the extreme level. If there should

arise an occurrence of unadulterated water, velocity profile increments from the

|eft wall of channel to the focal point of channel on expansion of Grashof

number. Be that as it may, inverse conduct is seen from focal point of the

channelto the right drvider.

viii. It is noticed that bolus turns out to be huge when it has given more noteworthy

qualities to the volume fraction.

ix. It can be seen that bolus turns out to be smallwhen it has given more prominent

estimations of Grashof number.
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Chapter 5

Influence of induced magnetic field and heat

flux with the suspension of carbon nanotubes

for the peristaltic flow in a permeable

channel

This chapter is intended for investigating the effects of heat flux and induced magnetic

field for the peristaltic flow of single and multiwall carbon nanotubes with the base

fluid water in the symmetric vertical permeable channel. Mathematical modeling is 
i

based upon continuity, momentum, energy and magnetic induction equations. The 
i

I

obtained expressions for pressure gradient, pressure rise, temperature, axial magnetic I

field, current density and velocity phenomenon are described through graphs for '

various pertinent parameters.

5.1 Mathematicalformulation

Consider water based nanofluid flow containing SWCNT and MWCNT with in vertical

symmetric permeable channel. The mathematical description of geometry of the

problem is shown in Fig.2.l using the relations Eq. (2.8) and non-dimensional

parameters Eq.(2.13) In the presence of induced magnetic field, the governing Eqs.

( I .39), ( 1.4 I ) ( 1.45) and ( I .53) (without using bars) for nanofluid take the final form as

**? =0, (s.r)0x Ay

*=#litrl+n.s,'o,.*ffir,r, (s2)

dpn-, = u, (5.3)
ay
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@,, = o,,( u-+l (s 4)
\ oY)

(o'' -rl* +e,,=0. 1s s)
I o, " 

)a."' 
4"

Putting Eq. (5.a) into Eq. (5.2) we get

!r=y(4, l*Res,,R- ( ,-y)*(,'o-)r, o,, (5 6)dx fu'la, ) ' '( ay ) \p0.),

Taking derivative of Eq. (5.6) with respect to y , we have

tv( u'l+n.s,,n- ( -*\*(,'0.,); o,! =0. (5 7)
O,, [ ,, ,,l 

' ^t-"' "'(. ay, )' (p0.),"' fu "

The non-dimensional boundaries are

v =0, ry:0, at y = g. (5 8)
oy

v = F, y=-t-@*, ar 1,- h. (s e)
dy d dy'

l9:O atlt_ g, 0=O at\,,:h, (5.10)
cy

99=O atv=Q, O=0 atv=h. (5.11)

The pressure rise Lp, axtal induced magnetic /r, and current density J- in non-

dimensional form is defined in Eqs. (2.26),(4.12) and (4.13) respectively. In present

chapter conductivity of nanofluid Eq. (1.24) and the effective viscosity of nanofluid Eq,

(1.21) are used, thermal physical properties of water and nanoparticles defined in table

5.1.
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(s.

I

)
(s

Table 5.1. Thermal-physicalproperties of water and nanoparticles.

Physical Water SWCNT MWCNT

Properties (urO)

p(ks*') ssl.t 2600 1600

c; (lq 'r ') 4ns 4zs 7e6

k(w t*-K) 0.613 6600 3ooo

p (K' )x lo-s zt.o 2.6 2'8

tCru! * C*,.

The mean volume flow rate Q over one period is given in Eq. (2.31) and pressure

gradient dp I dx,axial induced magnetic h, and current density J - are elaborated as

g boundary conditions giv

o)..]
_', l+ Greoy' 1t tg,tp,t,^") 

)

+ co, )cosh(att#'))

:

5.2 Solution of the problem

The exact solutions of the Eqs. (5.4), (5.5) and (5.7) usin

in Eqs. (5,8) - (5.1l) are found as follows:

eu)=*H
( [t*'-c")sinh(^'#k, I (C,, - C46)6N p,p,Ftl

' 
[' 

]) coI' t' tr " 
[,*' 

+cor)cosh(t-'Y

..\ 6f ,prk,rttnl (t*,. -Co,)sinh(*#t)*(",
,)- 6kry,p,L,ro,RlNk,4

.18)

+y/(
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,,rn('t#t)[
6ReSl p, p, n,(,[o,rRe.sf p, R,,, + ap,,)+

o JR. s, 6 J \,t r,. o, r, (, 
qr# @ 

) lt' t:i,' [ :ri,i,: li )
l.GrhQuk,0,r p, (tr,,(rJq + ah)-,[[n' Resf p, R. 

)

(s. l e)
dp_
dx

6Resi
Ir,rn ( 

ntx's'ff'{u 
)(Jr" 

r*., i tr, R, - op,,)*
0,P,R^lr I r t--nt 

["rJn.s, ,[n {\,^t4 cosr,('^'Ho)

-24N ReSl v p, k, p)'' p rR,, + 24ReSl y F, p)'' p rk,r R*

z+(co,- cr, ) N g 
r k, r[i o, tt,1 snh(q#@).

z4(cr, + co* ) N 0,k , ,[i ,,1-r,, cosh (*rF,^') -

24(C4, - c^) F, ,[i 0,k,, lt", sinh('u"Hu" )-
24(c u, + c*) F, rfi r, k,r ttur.orn ( 

*'#O 
) 
.

4GrQov3k,t)'9,,,p,,,
h, : Ct,

zqpesi0rp'f'pr

Ji (orQrr' k 
1 0,,r p,,, - Zr.e si (E - c ru) f , o, R^kN) +

J,=

z(c * +c., ) Jnes,B, p, & J pr'trh (E!#@) -

2(Co, -c,, )Jnes,p o Jn J ur.osn( 
*tfjt)

ztesl P, Ji o,

where Co, -Cr. are constants that can be obtain by Mathematica9.

Results and discussion

To consider the conduct of the solution, for a few qualities applicable parameters have

been done for both CNTs with water as base fluid. Fig. 5.1(a) speaks to the impacts of

volume division @ on the Ap It is seen here that pressure rise is increasing capacity with

the expansion of @ all through the domain, Fig. 5.1(b) portrays that as it will build the

estimation of R* then pressure rise increments in the retrograde area. Fig, 5.1(c)

demonstrates the impact of S, on pressure rise, it is watched that pressure rise

demonstrates the same conduct which is appeared for R-, Figs. 5.1(d) - 5.1(e)

demonstrate the impact of Qo and N individually. It has been watched that pressure rise

(s.20)

(s.21)

5.3
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increasing by increase in 0o and N in the entire area for (SWCNT * H20) and

(MWCNT + H2O). The impact of the @ on the pressure gradient is outlined in Fig.

5.2(a) it is apparent that, expand the estimation of@ tends to builds the pressure

gradient, it is watched that the impact of @ on pressure gradient is slightest if there

should arise an occurrence of (SIzllCNT + H20) while the impact of @ is generally

bigger with (MWCNT + Hz?). The variation of R- and 51 on pressure gradient is

appeared in Figs. 5.2(b) - 5.2(c), it demonstrates that pressure gradient is expanding

on an expansion in R* and 51 for both sorts of fluids, Figs. 5.2(d) - 5.2(e) showed

that pressure gradient diminishes with an expansion in heat generation parameter and

heat flux parameter all through the channel for both sorts of fluid. Figs. 5.3(a) - 5.3(c)

to comprehend the variation of temperature for various estimations of Q, Qo and N. Fig.

5,3(a) demonstrates that g diminishes as it is increment @ for both sorts of fluid.

When it is watch Figs. 5.3(b) - 5,3(c), the same pattern is watched for heat generation

parameter Qs and heat flux parameter individually, it had watched that by expanding

Qs and N, I likewise increment. Plotted Figs. 5,4(a) - 5.a@) to outline the impacts of

germane parameters on velocity profile u. It is seen from Fig. 5,a(a) that velocity

profile increments alongside the dividers yet diminishes at the center of channel with

expanding the estimation of @. Displayed the Figs, 5.4(b) - 5.a(c) to get the variation

of velocity profile u for fluctuating the magnitude of the parameters R-and 51 for both

sorts of fluid. It delineates that velocity is diminishing with expansion of R-and 51 at

the center ofchannel yet inverse conduct is seen at center ofchannel. It had displayed

the Fig. 5.4(d) to get the variation of velocity profile u for shifting the size of the

parameter Q6, It portrays that velocity is expanding with expansion of 00. at the center

of channel however inverse conduct is seen along the left and right dividers of channel.

Fig. 5.a(e) demonstrates the impact of Darcy number Do on velocity profile it is

watched that close to one side and right divider velocity profile is expanding by

expansion of Do however at focal point of channel, it has seen the inverse conduct of

velocity profile.

To watched the conduct of slip parameter a on velocity profile, showed Fig. 5.a(/) this

figure demonstrates that along the dividers velocity profile is diminishing by expansion

of a, yet at focal point of the channel velocity profile increments. Figs. 5.5(a) - 5,5(b)

demonstrate the variation of magnetic Reynolds and Stommer's number on an axial
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induced magnetic field lt, versus y. The Fig. 5.5(a) displays that the magnitude of h,

increases when R- increments from divider to the center of channel, yet the

diminishing pattern is seen in the other portion of the channel keeping R,, expanded.

Then again, the impacts of 51 on h* are very inverse in contrast with R-. In Figs.

5.6(a) - 5.6(b) the current density 7, is appeared as a component of y for three

different values of R,,, and 51 respectively, both of these figures are of parabolic type,

one can find in Fig. 5.6(a) that by expanding R^, j, also increment however from Fig.

5.6(b) demonstrates 7, dirninish as the estimations of 51 increase.

Figs. 5.7(a) - 5.8(d) show contour maps for the streamlines with four estimations of

R*(R^: 0'5, R* = L'0, Rm : 1.5, R^ = 2.0) for both SWCNT and MWCNT' It is

seen that bolus turns out to be substantial when we give more noteworthy qualities to

the magnetic Reynolds number Rm. Figs. 5.9(a) - 5.10(d) demonstrate the

streamlines for SWCNT and MWCNT separately, It is seen that bolus turns out to be

small when it has given more noteworthy qualities to the Sr, one can see from figures

that number of bolus also decreases rn both cases. Figs. 5.11(a) - 5.LZ(d) demonstrate

the effect of Darcy number Do on streamlines for SWCNT and MWCNT separately it

is demonstrated that bolus turns out to be small as bigger estimations of Do.
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parameters are Q=2, a=2.0, a:0.7, b:0.8, S, =1, N=0.02, D,=0.002 and

O, = 0'5'
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Figs. 5.8(a) - 5.8(d). Stream lines of MWCNT for different values of R,,.

(a) for R,,, = 0.5 , (b) for R,, = 1.0, (") for R, = 1.5, (d) for R, = 2.0. The other parameters

are Q=2, d=2.0, a=0.'7, b=0.8, S, =1, N=0.02, D,=0.002 andQo =0.5.
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Figs. 5. 9(a)- 5. 9(d), Stream lines of SWCNT for different values of S,.

(a) for Sr =1.0, (b) for S, =2.0, (c) for S, =3.0, (d) for Sr =4.0. Theotherparameters

areQ=2, d,=2.0, a=0.',7, b=0.8, R,,=1, N=0,02, D,=0.002andQo=0.5.
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Figs. 5.10(a) - 5.10(d). Stream lines of MWCNT for different values of S,.

(a) for Sr =1.0, (6) for S, =2.0, (c) for Sr =3.0, (d) for Sr =4.0. The otherparameters

are Q=2, A=2.0, a=0.'7, b=0.8, S, =1, N=0.02, D,=0.002 andQo =0.5.
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Figs. 5. 11(a)- 5. 11(d). Stream lines of SWCNT for different values of Do.

(a) for Do =0.1, (b) for Du =0.2, (c) for D = 0.3, (d) for Do =0.4. The other

parameters are Q=2, q=2.0, a:0.J, b=0.8, S, =1, N=0.02, R,,=1.0 and Qo=0.5.
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5.4 Concluding remarks

In this chapter the communication of carbon nanotubes for the peristaltic flow with

induced magnetrc field is considered, key points are seen as

i. lt is seen that the impact of nanoparticle volume fraction on pressure gradient is

slightest if there should arise an occurrence of SWCNTs though the impact of

volume fraction is generally bigger with MWCNTs.

ii. It is found that pressure gradient diminishes with an expansion in heat

generation parameter.

iii. It is noticed that pressure rise diminishes by expansion in heat flux parameter

tbr SWCNTs and MWCNTs.

iv. lt is observed that axial Induced magnetic field expandrng pattern is seen in the

inside to right wall of the channel keeping Strommer's number expanded.

v. It is followed that current density increment as the estimations of magnetic

Reynolds number increment.

vi. It is watched that close to one side and right divider velocity profile is expanding

by expansion of Darcy number.

vii. It is seen that size, of bolus turns out to be small and number of bolus diminishes

when we give more prominent qualities to the Strommer's number, for both

SWCNTs and MWCNTs.
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Chapter 6

Anti-Bacterial applications for new thermal

conductivity model in arteries with CNT

suspended nanofluid

ln thts chapter the peristaltic flow of a carbon nanotubes (CNTs) water fluid under the

effects of heat generation and magnetic field in permeable vertical diverging tube is

studied. The obtained expressions for pressure gradient, pressure rise, temperature,

velocity profile are described through graphs for various pertinent parameters. The

streamlines are drawn for some physical quantities to discuss the trapping phenomenon.

It is observed that pressure gradient profile is decreasing with the increase of Darcy

number Du , because Darcy number is due to porous permeable walls of the tube and

when walls are porous fluid cannot easily flow in tube, so that will decrease the pressure

gradient.

6.1 Mathematicalformulation

Considered peristaltic dynamics of an incompressible SWCNT and MWCNT

suspended in water as base fluid through a distensible channel with permeable walls.

The flow is generated by sinusoidal wave trains propagating with constant speed c,

along the walls of the tube. Heat transfer along with nanoparticle phenomena has been

taken into account. The wall of the tube is maintaining at temperature 4 and solid

nanoparticle volume fraction C,, while at the center we have used symmetry condition

on both temperature and solid nanoparticle volume fraction. The geometry of the wall

surface is defined as

h = Q'* lz)+ ai ,in?L(Z - c,t), (6.1 )

where o" (Z) = eo * K,Z is the radius of the tube at any axial distance from inlet also

t02



a,, is the radius of the inlet, K1 is a constant whose magnitude depends on the length of

the tube, exit and inlet dimensions and a,l- is the wave amplitude. In the presence of

MHD, the governing Eqs. (1.39), (1.41) and (1.45) in cylindrical coordinate with the

velocity field is V : (Ll ,0,W) in the component notation arc as

,,(X.uX.*#)= -#. o,l**(^ H #.#)+ p,,g,(63)

' ( aw *u aw *w aLY l: - a" * , ,( !L( *ry\.A=w\""\d, AR eZ) AR '''[RaR\ AR) eF)*P'tg' (6'4)

(pC,),,,(,#.*#)= 0,,,(#.*# .#)* eo. (t -r,,) (6 s)

The transformations between two frames and dimensionless are

f = R, Z: Z -Crt, lt=U, w =W -Cz,

: ai .^ _ ),u w - r __z ,_Crjp=-:!- P, l.t =-, yl,=-, ln=-,L _ 7t t --7., Q, =Q'oLo',
lltcl auct c2 dr' 4 1

Re- c:40. 6:+,A=' 
='o 

,w = v , r, =L, hr=L,
v, l lt czQo Qo ao

(6.2)

(6.6)

o^82 alt, v o v
lvl - 

-.

Fr

(6.6) in Eqs. (6.1) - (6.4) reduce to the following

1 a( RU) aw
RARAZ

0' , gda,,'G'=#(4-4,)'
vl

After using the transformation Eq.

form

,\,= ,_*#.0:0,

ta(ru)*@:0.
r0r0z

o =@.
Ar

o=k.lL,99+o,.
'r0r 0r

The non-dimensional boundaries will take the form as

fu 
=0. oo 

=0.0r 0r

(6.7)

(6.8)

(6.e)

(6.10)

(6.rr)

(6.12)

at r =0.

)tK. z

qo
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In this chapter conductivity of nanofluid Eq. (1.18) and the effective viscosity of

nanofluid Eq. (l .23) are considered. The thermophysical properties, for pure water,

SWCNT and MWCNT are listed in table 5.1.

6.2 Solution of the problem

The exact solutions of the Eqs. (6.5) and (6.6) are found as follows:

. ( pft-,)tn+a)
o( v\ =l\r, \ 4Kf ),

z I a r o(ff)(pc, (z"e*o,nu1)+zarnP nltt) _
,,.r, , (ff). , 17 ,,(T)

(6. r3)

4ABGr. *'( BGr(h-r)(h+r)
o*J(nt . *) )

w(r) ' 4K/M4

2JA

The corresponding stream function can be defined as

u=-!ov and w=
r0z

The pressure rise Ap is defined as follows

tp = l'90,Jo d:
The flow rate F in non dimonsionalized form is given as

F =20-' _ 1.
2

6.3 Results and discussion

In this section role of Hartmann number, nano particle volume tiaction, volume flow

rate, Darcy number, heat generation parameter and slip parameter has been carried out

for pure water, SWCNT and MWCNT.

Fig. 6.1(a) portrays that as increasing the value of @ pressure rise decreases, Fig.

dp_
dz

D,MI, (tf )l))t'Bo ,t'(t,t - h'M ').)) _)

"Jtu,\',$))l 8$M^Qr+n') )) 
I

BGrh'z(at*i'u')Q*+ D,hM2) )

^, ? .,n .,( r* _s..[to,ut (E )-))2h'KfM'l 
s,,AIo(g). on'iiii ))

, (6.14)

(6. r s)

(6. r 6)

(6. r7)

(6. r 8)

low
r0r
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6.1,(b) demonstrates that pressure rise increases by expansion in M in the pumping

quarter while the inverse conduct is seen in the copumping area. Figs. 6,1(c) - 6'l(d)

demonstratestheimpactof slipparameter aand Darcynumber Doonpressureriseit

is watched that pressure rise is increasing as increasing the value of slip parameter a

while pressure rise decreases by increases of Darcy number in the locale retrograde

pumping yet Lp appears inverse demeanor in the coptrmping area. Fig. 6.2(a). shows

that increment in the value of @ has brought about the expansion of pressure gradient

i.e., increasingly the volume fraction more prominent the pressure gradient. The impact

of M and a on pressure gradient is appeared in Figs 6.2(b) - 6.2(c), it demonstrates

that pressure gradient is increasing on an increasing in M and a for a wide range of

fluid it is additionally watched that pressure gradient is minimum in the event pure

water where as the impact of M and a is generally bigger if there should arise an

occurrence of SWCNT and MWCN?". Fig. 6.2(d) demonstrates the impact of Darcy

number on dp/dz it is watched that pressure gradient is diminishing by expansion of

Do. Figs. 6.3(a) - 6.3(b) to comprehend the variation of temperature for various

estimations of @ and Qo.Fig. 6.3(a) demonstrates that 0. increments as increment of

Q for SWCNT and NIWCNT. water based fluids. Figs. 6.3(b) have watched that by

expanding Q6, temperature is expanding for all kind of fluids. It is seen from Fig.6.a@)

that velocity profile increments with expanding the estimation of @. From Fig. 6.a(b)

it portrays that w is diminishing with expansion Hartmann number M. Exhibited the

Figs. 6.4(c) - 6.4(d) to acquire the variation of velocity profile for differing the extent

of the parameters a and Do.for a wide range of liquid. It portrays that velocity is

diminishing with expansion of a however inverse conduct is seen for Do. The trapping

for various estimation of M and Do are appeared in the Figs. 6.5(a) - 6'B(d).

Figs. 6.5(a) - 6.5(d) and Figs. 6.6(a) - 6.6(d) demonstrate the impact of Hartmann

number M on streamlines for SWCNT and MWCNT respectively it is demonstrated

that bolus turns out to be expansive as bigger estimations of M Figs. 6.7 (a) - 6.7 (d)

and Figs. 6.8(a) - 6.8(d) show the effect of Darcy number Do on streamlines for

SWCNT and MWCNT respectively it is shown that boluses turn out to be small as

bigger estimations of Do.
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6.4 Concluding remarks

Association of SWCNT and MWCNT nanoparticles for the peristaltic flow in a

penetrable vertical diverging tube with the magnetic field is examined in this chapter.

Key focuses are scen as

i. It is observed that impact of nanoparticle part on weight angle impressive

effect i.e., progressively the volume fraction, more noteworthy the pressure

gradient.

ii. It is calculated that temperature increments as it is increment nanoparticle

fraction for SWCNT and MWCNT nanofluid.

iii. It is noticed that velocity is diminishrng with expansion of Hartmann number.

iv. Vclocity is diminishing with expansion of Darcy's number.

v. It is seen that boluses turn out to be small for bigger estimations of Darcy's

number.
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Chapter 7

Endoscopic effects with entropy generation

analysis in peristalsis for the thermal

conductivity of H2O + Cu nanofluid

In this chapter the peristaltic flow of a copper water fluid investigates the effects of

entropy and magnetic field in an endoscope is studied. The obtained expressions for

pressure gradient, pressure rise, temperature, velocity phenomenon entropy generation

number and Bejan number are described through graphs for various pertinent

parameters. The streamlines are drawn for some physical quantities to discuss the

trapping phenomenon.

7,1 Mathematicalformulation

An incompressible peristaltic flow of copper nanofluid in an endoscope is considered.

The flow is generated by sinusoidal wave trains propagating with constant speed c along

the walls of the tube. Heat transfer along with Entropy generation phenomena has been

taken into account. The inner tube is rigid and maintained at temperature 4 while the

outer tube has a sinusoidal wave traveling down its walls and maintained at temperature

7-
't . The geometry of the wall surfaces is defined as

\: o, (7.2)

R' = a1'

f 't*.- -.1+6sinl::(z -r'r)1.L2 t '-)

(7.1)

In the above equations a, is the radius of the inner tube, a,

tube at inlet.
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{'

Fig 7.1. Geometry of the problem

ln the presence of MHD and entropy, the governing Eqs. (1.19), (1.21) and (1.25) in

cylindrical coordinate with the velocity field is V : (U,O,W) in the component

notation can be written as

i,,,12,

.ittl

I a(RU) aw _ tl

R aR - af-u'

,, (X. uX.*y)= -#. u,,(**(^ #) #.#)* pryB, (7 4)

0,,(# *, uoY.* #)= -#. u,,,(+*(-H-.Y)+ p4s= (7 5)

(pC,,),,(,# ..i)- o.(#.*#.#).dil(#.#)' (7 6)

After using the transformation Eq. (6.5) in Eqs. (7.3) (7.6), we havc

('7.3)

(7.7)

(7.8)

(7.e)

(7. l0)

4 *!14 =0.0rr0z
@ =0,
0r

@=,t.!+(,+)- M, (w+t),
clz ror\ or)

Kr *!!( ,a3\+ B A-(@)' = o" r0r( drl \0r)
The non-dimensional boundaries will take the following fomr

w=-7, at t=fr,
w=-1, at y- rr:l+asin(2trz).

(7.1 l )

(7.t2)
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0=0 atr=\, 0=l atr=rr.
The thermophysical properties, for pure water, copper is listed in table 3' l '

Entropy generation in cylindrical fonn can be defined as

(7.13)

(7 .17)

(7. l 8)

(7. l e)

," = ?[(#)' 
. ff)').+[,[(#)' * i,' .(#)' ).w.y)=) (7'\4,

Dimensionless form of the entropy generation with the help of Eq. (10) due to fluid

friction and magnetic field is given as:

N' ={ =?(#)' .*'(x)' (7.1s)

The dimensionless form of So is known as entropy generation number N., which is

the ratio of actualentropy generation rate to the characteristic entropy transfer rate So',

, which is defined as follows

(7.16)

Eq. (7.14) consists of two parts. The first part is the entropy generation due to finite

temperature difference (Nscond) and the second part is the entropy generation due to

viscous effects (Nsvisc). The Bejan number is defined as

s- -kt(T,_ -To)' . B-- , l!" =r, A= , 'n ,..uG" - Toqi ' ur - k, (7, -To)' (q - 4 )

n Ns rora

" Ns r,,nrt + N.ir,",

7.2 Solution of the problem

The exact solutions ofthe Eqs. (7.14) and (7.15), are found as

where

w(r) = r,r,(#) . *, ('#)- t#),

cr, =
ui(r,e n^)-r,?W))

,,("(-'r'' )'' ('r; ) -'' ('r-'" ) I
[r,( 't') )

tt7



Cro =
!,Q'(v)-t,(w))

dp
ziu (Ac,ortY, (- H - Ac,or2Y,(- tr))

F =ze_+_,

7.3 Results and discussion

*,J

u(C,rurl' ,4 (2. ';i' )- C,,Mr22 ,,4 (2. rr'':' )+ zr - u -)*
\urt' + Mr2: )

,,("(H)"1-#)- 
r' (-

Ir,(ff)

(7.20)

(7.22)

rlz - r22
(7.21)

The corresponding stream function be defined in Eq.(6.19) and pressure rise Ap is

def-rned in Eq. (6.20)

The flow rate F in non dimonsionalized form is given as

dz

In this section the conduct of the arrangements is talked about as graphs, for a few

estimations of correlated parameter did for both pure water and copper water. Fig.

7 .2(a) shows that as increasing the values of @ pressure rise increases in the retrograde

district, however Ap increases in the co-pumping locale, Fig. 7.2(b) demonstrates the

impact of M on pressure rise, it is watched that pressure rise increases by increasin in

M in the retrograde region while the inverse conduct is seen in the co-pumping region.

From Fig. 7 .3(a).lt is seen, that increment in the estimation of @ has brought about the

diminishing of dp/dz i.e.,. increasingly the volume fraction lesser the pressure

gradient, additionally, it is likewise watched that the impact of @ other than the tube

divider is not impressive. The variation of flow rate and M on pressure gradient is

appeared in Figs. 7.3(b) - 7.3(c), it demonstrates that dp/dz is diminishing on an

expansion in Q and M for both sorts of fluid, it is likewise watched that pressure

gradient is minimum if there should be an occurrence of copper water where as the

impact of Q and M is moderately bigger if there should be an occurrence of pure water.

Fig. 7.a@) demonstrates that 0 incrcments as expansion @ for copper water liquid.
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From Figs. 7.4(b) - 7.a@) same pattern is watched for Hartmann number and

Brinkman number separately, it has watched that by expanding M and Br temperature

is also expanding.

It is seen from Fig. 7.5(a) that velocity profile increments with expansion in the

estimation of @ close to the wall of external tube. ln any case, inverse conduct is

appeared close to the divider internal, i.e., alongside the sinusoidal divider, volume

fraction builds the velocity of fluid. It has introduced the Figs. 7.5(b) to get the

variation of velocity profile w for differing the extent of the parameters M for both sorts

of fluid. It portrays that velocity is diminishing with expansion of M along the extemal

tube's divider, yet inverse conduct is appeared along the unbending barrel's divider. Fig.

7 .5(c) demonstrates the variation of average flow rate Q on velocity profile it portrays

that velocity increments with an expansion in Q, it is additionally watched that there is

minimal impact of Q on velocity on account of copper water as contrast with

unadulterated water.

From Fig. 7.6(a) it delineates that entropy generation is expanding with expansion

nanoparticle volume fraction parameter @. Figs. 7 .6(b) - 7 .6(c) demonstrates that N,

is straightforwardly relative to the IvI and Br all through the channel yet impressive

effect is not saw along the dividers for both sorts of fluid in the event of Hartmann

numbcr and the effect of copper water is watched more than pure water. In any case

Fig. 7.6(d) demonstrates the higher estimation of A presentations minimum entropy,

Fig.7.7(a) portrays that with the expansion in @ there is an expansion in Bejan

number. Fig. 7,7(b) demonstrates the variation of Bejan number for various estimations

of M one can see that close to the external divider Bejan number is not affected to

significant degree while close to the internal wall of geometry Bejan number is

diminishing by expansion in the estimations of M. Fig. 7 .7(c) demonstrates that there

is an inverse conduct for Br as seen for Ir4 . It has seen in Fig. 7 .7 (d) that B, is
expanding by expansion in A yet the effect on copper water is more prominent than

the effect of unadulterated water.

Fig. 7.8(a) - 7.7(d) show form contour maps for the streamlines with four

estimations of @ for copper water. It is seen that bolus gets to be smaller when it given

the more noteworthy estimations of @, Figs. 7.9(a) - 7 .L0(d) demonsrrate the impacl
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of Hartmann number on streamlines for unadulterated water and copper water

separately it is demonstrated that bolus turns out to be expansive as bigger estimations

of M. Figs. 7 .ll(a) - 7.1,2(d) demonstrate the impact of flow rate Q on streamlines

for pure water and copper water separately it is demonstrated that bolus turns out to be

huge as bigger estimations of Q.

Figs. 7.Z(a).Yaiation of pressure rise Ap
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7.4 Concluding remarks

lnteraction of copper nanoparticles for the peristaltic flow in endoscope with the

magnetic field are discussed. Key points are as follows:

i. It is seen that impact of nanoparticle fraction on pressure gradient extensive

effect i.e., progressively the volume fraction, lesser the pressure gradient.

ii. It is calculated that temperature increments as it has build Brinkman number

and Hartmann number for both sorts of fluid.

iii. Velocity is diminishing with expansion of M along the sinusoidal divider, yet

inverse conduct is appeared along the inflexible tube's divider.

iv. It is noticed that Entropy generation number are expanding with expansion of

Brinkman number.

v. It is noticed that close to the sinusoidal divider Bejan number is not impacted to

significant degree while close to the inflexible divider Bejan number is

diminishing by expansion in the estimations of Hartmann number'

vi. It is seen that size, of bolus gets to be smaller when it has given more prominent

estimations of nanoparticle volume fraction for copper water'
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Nomenclature

M,

,lt l') W

l, -\ ) -Y 1l

V

avb,

Mass

Velocity components

Cartesian coordinates

Velocity

Wave amplitude

Time

Fractal index

Empirical constant

Specifi c Reynolds number

Diameter of nanoparticles

Heat flux parameter

Nanolayer thickness

Permeability

Brinkman number

Nanoparticles volume ratio

Prandtlnumber

Magnetic Reynolds number

Volume flow rate

Heat generated / absorbed

Radioactive heat flux

Eckert number

Grashof number

Volume

Thermal conductivity

Specific heat

Porosity parameter

Wave speed

Magnetic field strength

Molecular weight

Specific Prandtle

number

Semiaxis directions of

CNTs

Thermal conductivity

due to thermal

dispersion

Bejan number

Pressure

Nusselt number

Entropy generation per

unit length

Fluid temperature

Shape factor

Stommer's number

Time-average flux

Mean free path

Avogadro number

Nanolayer thickness

lntrinsic viscosity

V

k

cp

K

cl

Bo

M**

t

D

C*

Re

Pr*
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kd

B"

p

Nu

.sG

T

n

sr

Qo'

l/

N*

hiuu",.

Ai

N

h,lql'ct'

Kl

Br

r

Pr

R,

0

Q,

q

Ec

Gr
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d I Fractal dimensions d t Chemical dimensions

Gravitational accelerationg ' A; Huggins'coefficient
vector

Re Particle radius

Mean absorption

coefficient

f ,, i =1,2 Linear operators

M Hartmann number

Aggregate nanoparticles
a^" radius

a* Primary nanoparticles radius Ar Rivlin Ericksen tensor.

C.' Constants
i =1,... ,54

K Boltzmann constant

Re Reynolds number

Subscripts

nf Nanofluid

Greek symbols

P Density € Magnetic diffusivitY

Tt function of the volume fraction / Volume fraction

P Viscosity o Electric conductivity

o Phase difference 6 Dimensionless wave number

U Kinematic viscosity B' Thermal expansion coefltcient

G,r thermal diffusivity of nanofluid V Stream function

Dimens i onless temperaturte
0 Dimensionless temperafure A 

difference

O 'F Dissipation function o* Stefan-Boltzmann constant

- Ratio of the nanolayer thickness
P: P SliP Parameter

to particle radius

2 Wave length Y SPhericity

f Thermal slip parameter 0,, Effective volume fraction

6 Dimensionless wave number
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f Base fluid



.\,

int

max

Solid particle

Cluster

Maximum

lave' Nanolayer
r

" Aggregation

env Environment
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