Ain Shams University
Faculty of Education

Department of Mathematics

Study of some problems on the motion of the Newtonian and non-Newtonian Nanofluids.

A THESIS

Submitted in Partial Fulfillment for the Requirement of the Master Degree in Teacher
Preparation in Science (Applied Mathematics)

To
Department of Mathematics
Faculty of Education-Ain Shams University
By
Mohamed Saad Hussein Mahmoud
B. Science & Education (Mathematics)
Ain Shams University (2005)
Supervised by
Prof. Dr. Nabil T. M. El dabe Prof. Dr. Ahmed Y. Ghaly
Professor of Applied Mathemtics Professor of Applied Mathematics
Faculty of education, Ain Shams University Faculty of Education, Ain Shams University
Dr. Mona A. A. Mohamed
Lecturer of Applied Mathematics
Faculty of Education, Ain Shams University

2018



Ain Shams University
Faculty of Education
Department of Mathematics
Approval
Candidate: Mohamed Saad Hussein Mahmoud

Thesis title: Study of some problems on the motion of the Newtonian and non-Newtonian
Nanofluids.

Degree: Master Degree in Teacher Preparation in Science (Applied Mathematics)

Supervised by

Prof. Dr. Nabil T. M. El dabe Prof. Dr. Ahmed Y. Ghaly
Professor of Applied Mathemtics Professor of Applied Mathematics
Faculty of education, Ain Shams University Faculty of Education, Ain Shams University

Dr. Mona A. A. Mohamed
Lecturer of Applied Mathematics

Faculty of Education, Ain Shams University

Cairo. Egypt. / /2018



Acknowledgments



Acknowledgments

First, thanks are all to the God for blessing this work until it has reached its end and little part of this
generous help throughout our life.

| would like to express my deep appreciation and thanks to Prof. Dr. Nabil T. M. Eldabe, Professor of
Applied Mathematics, Faculty of Education, Ain Shams University, whose successful supervision in
suggesting the problems and constructive guidance, valuable advices and warm encouragement of the work
were behind the success of this work.

I would like to thank Prof. Dr. Ahmed Y. Ghaly, professor of Applied Mathematics, Faculty of
Education, Ain Shams University for his suggestions of the researches, kind cooperation and helpful tips
while preparing the thesis.

Special thanks to Dr. Mona Abd Elhamed Ali Mohamed, Lecturer of Applied Mathematics, Faculty of
Education, Ain Shams University for providing me with valuable information and for her help while
preparing the thesis.

I would like to express my deep appreciation and thanks to Ass. Prof. Dr. Mohamed Y. Abo zeid,
Assistant Professor of Applied Mathematics, Faculty of Education, Ain Shams University who help me in
this work, constructive guidance, valuable advices and warm encouragement of the work was behind the
success of this work.

| take this opportunity to express my deep gratitude to my parents for their moral and personal support, and
for their encouragement in every step of my life. I would also like to extend my sincere appreciation to my
wife and all my family.



List of publication

1-MHD boundary layer chemical reacting flow with heat transfer of Eyring-
Powell Nano fluid past a stretching sheet. It is worthwhile to remark that this
work has been accepted for publication in the "Journal of Microsystem
Technologies", https://doi.org/10.1007/s00542-018-3915-1.



Contents



CONTENTS

10330120 T 3oy 2 1-111
CHA P TER L oo 1-22
Introduction
LLINANOTIUIAS .o e e e 2
1.2 The Rheological behavior of fluids ............coooiiiiiiiiii e, 6
1.3 Classification of Non-Newtonian fluids ................coooiiiiii e 7
1.4 ConsStitutive  @qUALIONS ....veetintt et ettt et ettt et et et et e aae et eeeeneeeenaeanens 10
1.5 Heat tranS er. ...t 12
1.6 MaSS traNS OT ...t e 13
1.7 Magnetohydrodynamics (MHD) ..ottt 15
1.8 BOUNUAIY JAYCT ...vntieit ettt et e e eeee e 17
1.9 Basic equations of a Newtonian or non-Newtonian fluids .......................oeeen, 20
1.10 Runge Kutta Fehlberg method (RKF45).......c.ooiiiiiii e 21
L0 N Sl 0 P 23

MHD boundary layer chemical reacting flow with heat transfer of Eyring-Powell Nano fluid
past a stretching sheet.

2.1 INtrodUCHION ...ee e 24
2.2 Mathematical model ........ ..o i 26
2.3 Mathematical formulation ............ ..o 26
2.4 Numerical SChemME .....o.oiuit i 29
2.5 Results and diSCUSSIONS ....uuiuiitintit ittt 30
2.0 CONCIUSION ...ttt e 30
B gUTES o 32
CH A P T E R 3. e 44

MHD boundary layer Nano-Prandtl fluid flow past a Stretching sheet with heat and mass
transfer

B30 INEEOAUCTION .« ot e e e e e 45



3.2 Mathematical MOAEL . ....onnnii et 46

3.3 Mathematical formulation .......... ..o 47
3.4 Numerical SOTULION .......uie it 49
3.5 Results and diSCUSSION ... ...ttt 51
R T O3 07071 T2 10153 03 o P 52
FagUTES L. e 53
CH A P T E R o e 65

MHD boundary layer flow with heat and mass transfer of Oldroyed-B Nanofluid past a
stretching sheet through porous medium.

4.1 INEPOAUCTION .. .eeee ettt e e 66
4.2 Mathematical model ......... ..o 67
4.3 Mathematical formulation ........... ... 68
4.4 Numerical SOIULIONS ........oiuiii e, 70
4.5 Results and diSCUSSIONS ......euuentintiitti e e 72
4.6 CONCIUSION ...uunet e e 73
Figures and Tables ..o 74
RETRIENCES ...t 84



Summary



In

1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9

Summary

The aim of this thesis is to investigate some problems on the motion of the Newtoninan and non-
Newtonian fluids. Three problems are discussed here.

MHD boundary layer chemical reacting flow with heat transfer of Eyring-Powell Nano fluid past a
stretching sheet

MHD boundary layer Nano-Prandtl fluid flow past a Stretching sheet with heat and mass transfer

MHD boundary layer flow with heat and mass transfer of Oldroyed-B Nano fluid past a Stretching sheet
through porous medium.

The thesis consists of four chapters:
chapter 1,
This chapter is a presentation for the following topics:

Nanofluids.
The Rheological behavior of fluids.
Classification of Non-Newtonian fluid.
Constitutive equations.
Heat transfer.
Mass transfer.
Magneto-hydrodynamics(MHD)
Boundary layer
Basic equations of a Newtonian or non-Newtonian fluid.

1.10 Runge Kutta Fehlberg method (RKF45)

In chapter 2,

In this chapter, we study the problem of laminar Nano non-Newtonian fluid flow through the boundary
layer, which results from the stretching of a flat surface. The model of Eyring-Powell is used for the fluid.
Constant normal magnetic field, mixed convection, chemical reaction, viscous dissipation, ohmic dissipation,
Brownian and thermophoresis effect are considered. The problem is modulated mathematically by a system of
partial differential equations, which describe the motion. A similarity solution is presented to transform this
system to ordinary non-linear differential equations. The numerical solutions of these equations are obtained as
functions of the physical parameters of the problem. Such as, Brownian number, thermophoresis number, Lewis
number, Prandtl number, Magnetic parameter and Elastic parameter. Graphical evaluation is displayed to depict
the intrinsic behavior of embedded parameters on velocity, temperature, and Nano particle concentration profiles.
It is worthwhile to remark that this work has been accepted for publication in the *"Journal of
microsystem technology™’.

In chapter 3,

In this chapter, we have investigated the problem of laminar Nano non-Newtonian fluid flow
through a boundary layer, which results from the stretching of a vertical flat surface. The model of
Prandtl fluid is used for the flow. The system is stressed by a uniform normal magnetic field. The mixed
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convection, Chemical reaction, Ohmic dissipation, Couple stresses, Brownian motion and
thermophoresis are considered. The problem is modulated mathematically by a system of nonlinear
partial differential equations which describe the motion. A similarity solution is presented to transform
this system to ordinary non-linear differential equations. The numerical solutions of these equations are
obtained as functions of the physical parameters of the problem. such as, Brownian motion number,
thermophoresis number, Lewis number, Prandtl number, Magnetic parameter, mixed convection
parameter, couple stress parameter, Eckert number, chemical reaction parameter , Elastic parameter,
Nano Lewis number, modified Dufour parameter , and Dufour solutal Lewis number. Local Nusselt
number, Sherwood number and Nano Sherwood number are discussed through graphs. Graphical
evaluation is displayed to depict the intrinsic behavior of embedded parameters on velocity, temperature,
solutal concentration, and Nano particle concentration profiles.

In chapter 4,

In this chapter an analysis of the problem of laminar Nano non-Newtonian fluid flow through the
boundary layer which results from the stretching of a flat surface. The model of Oldroyed-B fluid
model is used for the fluid. The system is stretched by a uniform normal magnetic field, mixed
convection; Chemical reaction, Ohmic dissipation,flow heat generation/absorption, Brownian motion
and thermophoresis are considered. The problem is modulated mathematically by a system of nonlinear
partial differential equations which describe the motion. A similarity solution is presented to transform
this system to ordinary non-linear differential equations. The system of these equations are solved
numerically by using shooting method with Runge-Kutta fehlberg technique and The numerical
solutions of these equations are obtained as a function of the physical parameters of the problem. such
as, Brownian motion number, thermophoresis number, Darcy number, Lewis number, Prandtl number,
Magnetic parameter, mixed convection parameter, heat generation/absorption parameter, Eckert
number, chemical reaction parameter, Deborah number, Nano Lewis number , modified Dufour
parameter, and Dufour solutal Lewis number. Graphical evaluation is displayed to depict the intrinsic
behavior of embedded parameters on velocity, temperature, solutal concentration, and Nano particle
concentration profiles.
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Chapter 1
Introduction

1.1 Nano fluids:

1.1.1 Definition of Nano fluids:

The term Nano fluid is used for the fluids having suspension of Nano-metallicparticles. The main
idea of using nanoparticle is to enhance the thermal properties of a base fluid. Invokement of Nano
fluids with improved heat distinctiveness can be noteworthy in stipulations of more competent cooling
system, consequential in higher productivity and energy savings. Several prospective applications for
Nano fluids are heat exchangers, radiators for engines, process cooling systems, microelectronics, etc.
Choi [1] was the first who have made the analysis on nanoparticles in 1995.

1) The base fluid:

o Metallic liquid: sodium (Na).

J Non-metallic liquids: water (H,0), ethylene glycol (EG), engine oil (EO).
2) The nanoparticles:

o Metallic compounds: copper (Cu), Silver (Ag).

Ceramic compounds:

Oxide: alumina (Al,05), copper oxide (CuO), zinc oxide (ZnO).
Carbides: Silicon carbide (SIC).

Sulfides: copper sulfides (CusS).

o Carbon based compounds: Carbon nanotubes (CNTs), single wall (SWCNT), double wall
(DWCNT), multi wall(MWCNT)

W Eee

1.1.2 Advantages of Nano fluid:
Due to the features of the nanoparticles, Nano fluids have many advantages such as:[2]

1.  Nanoparticles have less momentum and hence low kinetic energy leading a reduction in surface
erosion.

2. Nano fluids can be used in micro-channels, as nanoparticles do not cause any clogging.

3. For small sizes of nanoparticles, Nano fluids behave like pure fluids as they keep the fluid
properties of the base fluid. Further, because the size of nanoparticles is similar to bio-molecules, Nano
fluids can be used in biomedical applications.

4.  Nano fluids are more stable; as nanoparticles have large ratio of surface area to volume,
because of the large number of atoms on the boundaries, making the interaction between the particle
surface and the fluid strong enough to overcome the variance in density.
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Figure 2. Different applications of nanofluids
1.1.3 Governing equation for Nano fluids:

Buongiorno [3] constructed a transport model for Nano fluids with some assumptions. These
assumptions are incompressibility of the flow, no chemical reaction and radiative heat transfer,
negligible external forces; dilute mixture (volumetric nanoparticle fraction« 1) , negligible viscous
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dissipation, nanoparticles and base fluid are locally in thermal equilibrium. He considered that in the
absence of the turbulent effect, only Brownian diffusion and thermophoresis are the two effective slip
mechanisms. This can be defined as follows:

° Brownian diffusion coefficient describes Brownian motion that results from continuous

collisions between the nanoparticles and molecules of the base fluid. From Einstein-Stokes equation
_ KT
B~ 3mudp

diffusion Jpp = —ppDpV¢ , where pp is the density of the nanoparticle, ¢ is the nanoparticles
volume fraction.

o Thermophoresis is the phenomenon occurs when particles diffuse under the effect of temperature
gradient. Thethermophoresis diffusion coefficient D = % ¢ , where o is the thermal proportionality,

, Where d,, is nanoparticle diameter. The nanoparticle mass flux due to Brownian

ps is the fluid density. The nanoparticles mass flux due to themophoresis diffusion is defined as

Jpr = —ppDr Z—:l , Where T,,, is the mean temperature.

Hence, the sum of the mass flux due to Brownian diffusion and thermophoresis can be represented as
follows

VT
Jp=Jpp +Jpr = —ppDpVe — pPDTE (1.1)

The continuity equation for the nanoparticles, in the absence of the chemical reactions, can be written
as:

a -1 D

(Z+v.v)p = —V.Jp = DpV2¢ + 2LVT (1.2)

The expression (V.V) ¢ indicate that the nanoparticle can move homogenously within the fluid. The

expression <;—1 V.jp) is the diffusion of mass flux for the nanoparticle. This diffusion is the sum of two
p

terms; the first term (DzV2¢) is due to Brownian diffusion and the second term (? VZT) is due to

thermophoretic effect.

1.1.4 Application for Nano fluids:

According to "Health Canada™ any material can be considered to be a nanomaterial whether it is
a manufactured, ingredient, structure or device if one of following two conditions is satisfied [3].

1. It is within the nanostructures in at least one external dimension, or surface structure in Nano
scale.

2. It is smaller or larger than Nano scale on all dimensions and displays one or more Nano scale
properties.

From this point of view, there are some applications of Nano fluids in food industry:

o In some battery devices like in phones, cars, and laptops. The reason here properties of Nano
fluids can be changed by applying an electric field or magnetic field in the so-called smart fluids
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