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ABSTRACT

Due to the existence of viscoelastic fluid in technological applications, the
research in the viscoelastic fluids has increase rapidly. In this study, the
magnetohydrodynamics flow for the Blasius viscoelastic fluid along with the effects
of viscous dissipation and suction or injection is considered. Since the equation of
motion in viscoelastic fluid is one order higher than the Navier-Stokes or boundary
layer equations, an extra boundary condition is imposed by augmenting the boundary
condition at infinity. The governing equations are transformed into a non
dimensional boundary layer equation by using non dimensional variables. The
equations are solved numerically by using Keller-box method. Numerical results
consist of the velocity and temperature profiles are presented graphically for assorted
values of magnetic parameter, M, viscoelastic parameter, K, suction or injection

parameter, fw, Prandtl number, Pr and the ratio moving parameter, X. It is found

that, as the values of all parameters increased, the velocity profiles are also increased

but opposite situation occurred in temperature profiles.



Vi

ABSTRAK

Oleh kerana wujudnya bendalir likat kenyal di dalam beberapa kegunaan
teknologi, penyelidikan berkenaan bendalir likat kenyal telah meningkat dengan
mendadak. Dalam kajian ini, aliran hidrodinamik magnet untuk bendalir likat kenyal
Blasius berserta dengan kesan pelepasan likat dan sedutan atau suntikan
dipertimbangkan. Disebabkan oleh persamaan gerakan dalam bendalir likat kenyal
lebih tinggi satu peringkat berbanding dengan persamaan Navier-Stokes atau
persamaan lapisan sempadan, maka syarat sempadan tambahan diperlukan dengan
menambah syarat sempadan di infiniti. Persamaan menakluk diubah ke bentuk
persamaan lapisan sempadan tak bermatra, dengan menggunakan pemboleh ubah tak
bermatra. Persamaan diselesaikan secara berangka dengan menggunakan kaedah
Kotak-Keller. Keputusan berangka yang terdiri daripada profil halaju dan suhu
dipersembahkan secara grafik bagi pelbagai nilai parameter magnetik, M, parameter
bendalir likat kenyal, K, parameter sedutan atau suntikan, fw, nombor Prandtl, Pr,
dan parameter nisbah gerakan, X. Didapati bahawa apabila semua nilai parameter

meningkat, profil halaju juga meningkat namun keadaan sebaliknya berlaku bagi

profil suhu.
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CHAPTER 1

INTRODUCTION

11 Background of the Study

There are two types of fluid which are Newtonian fluid and non-Newtonian
fluid. Newtonian fluid is a type of fluid where the relation between shear stress and
shear rate is proportionally linear. On the other hand, non-Newtonian fluid is a type
of fluid where the relation between shear stress and shear rate is not a linear function
of the spatial variation of velocity at a given temperature and pressure. Non-
Newtonian fluids fail to obey Newton’s law of friction since non Newtonian fluids
form very wide class of different materials, whose only common features are fluidity.
It is now generally recognized that non-Newtonian fluids are more appropriate than
Newtonian fluids in industrial and technological applications and numerous models
were suggested for non-Newtonian fluids with their constitutive equations varying

greatly in complexity (Othman, 2010).

Viscoelastic fluid is a fluid that returns to its original shape either fully or
partially after the applied stress is released. It is also the subject that explains both
the elastic and viscous behaviour of materials. Viscosity describes how powerfully
fluids resist rapid changes in shape. For example, honey. Since it tends to deform
slowly, thus, it is very viscous. When honey is poured from a jar, it moves very
slowly. This is because the internal stresses between molecules increase with relative

velocity between molecules. As the movement of the molecules increase, the



resistance to that movement become greater. Viscous materials display a time-

dependent reaction to deformation.

Elastic deformation can be observed in the way a rubber band acts. Besides
rubber bands, elastic deformation can also be observed in springs. The harder a
spring is compressed, the more force is needed to hold it there. Springs are called
linear because if doubling the amount of compression it will double the amount of
force. Though it may not be obviously to the eye, when forces are applied to metals,
they get linearly compressed or stretched out. Elastic materials quickly return to their
original sizes when all forces are removed. Fundamentally, when changing shape, all

materials show some elastic and viscous effects.

Magnetohydrodynamics (MHD) is the study of the interaction of electrically
conducting fluids and electromagnetic forces. The word magnetohydrodynamics is
from the words magneto which means magnetic field, hydro means liquid, and
dynamics means movement. Synonyms of MHD that are less commonly used are the
terms hydromagnetics and magnetofluiddynamics MHD problems arise in a broad
range of situations. The description of MHD flows connects both the equations of
fluid dynamics which is the Navier-Stokes equations and the equations of
electrodynamics which is Maxwell's equations. These equations are mutually
coupled through the Lorentz force and Ohm's law for moving electrical conductors
and these differential equations have to be solved simultaneously, either analytically

or numerically.

Since vicoelastic fluid grabs our attention, thus in this study, problem in
viscoelastic fluid will be solved. To make it more interesting, MHD flow will be

considered in this study.



1.2 Statement of Problem

Due to the existence of viscoelastic fluid in many of technological
applications over the past decades, the interest in the viscoelastic fluids has increase
largely. For that reason, this study will investigate the problem on the viscoelastic
model concentrating on classical Blasius problem over flat plate. Besides, the study
also will explore how the boundary layer flow and heat transfer nature execute with
viscous dissipation included into the energy equation. Further, the effects of
viscoelastic parameter and the ration of moving parameter on the skin friction and
heat transfer coefficient with the presence of magnetohydrodynamics (MHD) flow

will be studied completely.

1.3 Objectives of the Study

The objectives of this study are:

1 To carry out the mathematical formulation of governing equations of the
boundary layer flow of a viscoelastic fluid with the effects of
magnetohydrodynamics (MHD) flow.

2. To transform the governing equations into non-dimension equations.

3. To observe the effects of magnetohydrodynamics (MHD) flow to the fluid
flow characteristic with the present of viscous dissipation and suction or

injection effects.

14 Scope of the Study

This study will consider two-dimensional viscoelastic fluid model in
Cartesian coordinate and the fluid is assumed to be incompressible. This study will
consider the MHD boundary layer flow with suction or injection, and viscous

dissipation.



15 Methodology of the Study

1.5.1 Mathematical Modelling - Problem Formulation

The governing boundary layer flow equations will be acquired for the new

model outlined in the objectives.

1.5.2 Mathematical Analysis - Nonsimilar Transformation

The governing equations will be transformed into a set of coupled nonlinear

differential equations

1.5.3 Numerical Computation - Keller’s Box Method

The differential equations will be solved numerically by using an implicit
finite difference scheme that is the Keller Box method. This method had been
described in the books by Cebeci and Bradshaw (1984), and Cebeci (2002). There

are four steps involve in this method.

1 Reduce the differential equations to a first-order system;

2. Write the differential equations by using central differences;

3. The resulting equations are linearized by using the Newton’s method and
write them in matrix-vector form;

4. The linear system are solved by using block-tridiagonal elimination method



In this study, the Keller Box method is not mention in detail since this
method had been studied by Lok et al. (2008) and Anwar et al. (2008).The numerical
algorithms is developed by using FORTRAN and to plot the associated graph,
Matlab® is used.

1.6 Significant of the Study

Nowadays, non-Newtonian fluids have achieved significant important as in
stretching a sheet in a viscoelastic fluid, the power required is less than when it is
placed in a Newtonian fluid. Besides, the heat transfer for a viscoeleastic fluid is
found to be less than that of a Newtonian fluid. For mathematicians, this study might
increase the usage ofthe application of differential equations in viscoelastic fluid and
the mathematicians might also gain more knowledge about the characteristic and the

properties of the viscoelastic fluid.

Rheologist is a person who studies the deformation and flow of matter,
particularly non-Newtonian flow of liquids and plastic flow of solids. Since the
effects of MHD to the fluid flow characteristic is studied in this study, thus, both the

mathematicians and rheologists will gain new knowledge based on the results

In addition, there are many applications of viscoelastic fluids in some
industrial-manufacturing processes. For example, in a food manufacture. In this
manufacture, the degree of fluidity, consistency, and other mechanical properties are
essential in understanding how stable the food will remain, how long it can be stored,

and in determining food quality.

Another example is in petroleum drilling or mud drilling. Everyone that takes
part in the drilling operations acknowledges that muds behave with non-Newtonian
fluid flow properties since their viscosity is not only affected by pressure and

temperature but is also related to the velocity at which the mud flows through the
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