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ABSTRACT

Nuclear fusion is one of the future solutions towards sustainable energy. The concept of the
magnetic field is introduced to contain high-temperatureture reaction of the nuclear fusion.
However, the presence of the magnetic field influences the flow of fluid within the blanket
module, which purpose is to harness the energy. This has the effect of reducing the efficiency
of heat transfer through the channel of a heat exchanger. Thus, to counter this effect, this
research investigates the flow structure behind multiple bluff bodies arranged in tandem in a
channel under the influence of a magnetic field in the pursuit of increasing the heat transfer
efficiency inside the channel. In this study, the effect of gap ratio, G/h = [1-2.4] and Hartmann
parameters, H = [0-800] are analyzed for the critical Reynolds number, pressure drop and
Nusselt number using a Computational Fluid Dynamics open-source software. It is found that
the presence of the downstream cylinder with gap ratio, G/h = 1.2, 1.4 and 1.6 improves the
flow in terms of critical Reynolds number and Nusselt number while having some pressure
drop penalty. The multiple cylinders increased the Nusselt number compared with the flow
past a single cylinder. In terms of the Hartman parameter, increasing the value of the
parameter increases the critical Reynolds number and decreases the Nusselt number.
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CHAPTER ONE

INTRODUCTION

1.1 BACKGROUND OF STUDY

1.1.1 Magnetohydrodynamics

Electrically conducting fluids (magnetofluids), have their own behavior and
magnetic properties. According to Singh (2017), the study of the magnetofluid, with
respect to its behavior and magnetic properties, is known as magnetohydrodynamics

or hydromagnetics.

The history of magnetohydrodynamics dates back to the 1940s when this
branch of physics was first discovered by Swedish Physicist Hannes Alfvén
(Davidson, 2002). Hannes Alfvén, won a Noble Prize in Physics as he was the

pioneer in the field of magnetohydrodynamics (MHD).

Though it was not officially recorded under magnetohydrodynamics
(MHD), the first experiment was, however, first conducted in 1832 by Michael
Faraday (Malghan, 1996), where he called this effect "magneto-electric induction™.
Faraday attempted to determine the potential difference induced by the flow across
the Thames River and the magnetic field of the Earth to determine the velocity of
the flow. The experiment was not a success. But later, his invention of the
electromagnetic flowmeter (Shercliff, 1962) made an impact today as it has

contributed a lot and is vital in many industries.



1.2.1 Magnetohydrodynamics in Plasma Fusion Reactor

Studies pertaining to this matter were not as extensive before as it is now, but in
order to create sustainable energy, more thesis and research studies are emerging
to apply MHD to the existing problems. Some of the studies on MHD flow were
done by Hussam et al. (2011, 2012a, 2012b, 2013), Hamid et al. (2015, 2016) and
Sapardi et al. (2014, 2015).

International Thermonuclear Experimental Reactor (ITER) project
introduces the first fusion facility to generate energy using the concept of MHD to
create a plasma fusion reactor in 2005. The reactor confined a superheated plasma
of hydrogen ions, namely Deuterium and Tritium, inside a magnetic field in a
donut shape torus called a Tokamak. According to Mirnov (2018), the evolution
of Tokamak started in late 1962, when it was first developed by Soviet Research
under the leadership of academician L.A. Artsimovich. Later, as the more
promising configuration of the magnetic fusion device, the Tokamak has been
adopted worldwide. The largest Tokamak is under progress through the ITER
project, where it will be twice as large as the biggest machine currently in service,

and ten times the volume of the plasma chamber.

Though to Hussam and Sheard (2013), MHD flow in rectangular ducts has
its own significance in metallurgical processing applications; however, the effect
of MHD in the fusion blanket has to be avoided. However, the MHD effect in the
fusion blanket must be avoided. The flow can conveniently be caused to
laminarize by the steady strong magnetic field, (Moffatt 1967; Branover 1978;
Mutschke et al. 1997) which may further decrease the effectiveness of the heat
transfer from the fusion blanket. According to Zikanov et al. (2014), a magnetic
field applied on the flow of an electrical conductive fluid can immensely alter the
behaviour of the flow. This effect is seen in the laminar-turbulent transition
situation in magnetohydrodynamics flow inside pipe, duct, and channel flows with
the influence of magnetic field. All the studies (Moffatt 1967; Branover 1978;



Mutschke et al. 1997; Zikanov et al. 2014) show that MHD has an impact on flow
behavior.
1.2 PURPOSE OF THE STUDY

The purpose of this study is to understand the flow past bluff bodies in a tandem
arrangement in MHD complication in comparison to the flow past a single bluff body
over the Reynolds number, pressure drop and Nusselt number. To further narrow
down on a specific discussion, the behavior of conducting fluid is studied by placing
two circular cylinder bluff bodies in a tandem arrangement so that the flow can
transition from a steady to an unsteady state. Unsteady flow is essential in increasing
the efficiency of heat transfer because it will improve the mixing of cold and hot
fluids.

To support the study, it is keen to investigate the problem over a study
parameter like the gap between bluff bodies.

1.3 PROBLEM STATEMENT

As a promising option to become the world's primary source of energy, the idea of
plasma fusion is adapted to make up for toxic fossil fuels, nuclear waste and etc. The
plasma fusion aligns well with Sustainable Development Goals number seven which
is 'Affordable and Clean Energy'. Therefore, in order to support the vision, the
problem that arises due to the effect of the magnetic field in the fusion blanket of the
plasma fusion reactor must be overcome so that abundant energy can be harnessed

from the fusion reactor.

According to Dobran (2012), the most technologically advanced machine
built is the International Thermonuclear Experimental Reactor (ITER), where net
energy from fusion is expected to be produced. However, the discussion is still open
regarding the plasma confinement, heat removal, fuel supply and reactor materials.
The efficiency of heat transfer in the fusion blanket with magnetic field effect is,

therefore, of great technological pertinence, and in this paper, the behavior of the
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fluid flow and its ability to transfer heat under the effect of the magnetic field is

addressed.

The MHD affects the fluid flow where the flow structure becomes steady and
thus decreases the heat efficiency in the fusion blanket. Therefore, the problem that
arises due to the presence of the magnetic field in the fusion blanket of the plasma
fusion reactor must be overcome. This research is done by including bluff bodies in
tandem arrangement inside the channel to create unsteady flow. Thus, the flow

structure and heat transfer are then studied with the effect of the magnetic field.

1.4 RESEARCH OBJECTIVES

The aim of this study is to investigate the flow inside the channel of the heat
exchanger behind bluff bodies in a tandem arrangement and under the effect of the

magnetic field. A few objectives are built upon to support the aim of this study.

The specific objectives of the study are to determine the effect of gap length
and the Hartmann parameter on the critical Reynolds number (The threshold
Reynolds number where the flow transitioned from steady to unsteady flow), pressure
drop, and the heat transfer efficiency. Over which all of the results will be compared
with the results of the flow past singular cylinder.

1.5 SCOPE OF THE RESEARCH

This research will focus on including bluff bodies in a channel as a vortex promoter
in a tandem manner and determining the optimal gap length, which will cause a
steady flow to change its behavior to unsteady. Past studies have been made regarding
cylindrical bluff bodies. The addition in this research is the gap length between the
two cylindrical bluff bodies vortex promoters. The geometry meshes and simulations

for this study will be carried out using Gmsh and OpenFOAM.
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1.6 DELIMITATIONS AND ASSUMPTIONS

Several parameters are used as delimiting factors in this study to define the parameters,
whereby the delimiting factors are referred from the thesis of Sapardi (2018) and are
used as guidelines. The non-dimensional analysis is applied to this research problem.
The blockage ratio, f, is in the range of [0.1, 0.3], Hartmann parameter, H = [0,800]
and Re = [1,2500] depending on the aims of the studies. Since the condition of the
quasi-two-dimensional condition that was established by Sommeria and Moreau
(1982) and Poth'erat et al. (2002) is satisfied, the MHD flow in this research is
assumed to be quasi-two-dimensional, and using the Prandtl number, Pr = 0.022. This
Prandtl number is representative of Galinstan (GalnSn) liquid metals for heat transfer
studies.

1.7 THESIS ORGANIZATION

The thesis is segregated into five distinct chapters. After the initial introduction,
Chapter 2 enlightens a review of relevant literature of preceding works. Chapter 3
discuss the numerical methodologies applied in this research work. Results are then
presented in Chapter 4. Breaking down chapter 4, subchapter 4.1 lays out the mesh
and domain dependency study. Subchapter 4.2 validates the numerical methodologies.
Subchapter 4.3 investigates the impact that the gap ratio and Hartmann parameter
brings on the critical Reynolds number. Subchapter 4.4 studies the effect of the gap
ratio and Hartmann parameter on pressure drop. Subchapter 4.5 presents the effect of
the gap ratio and Hartmann parameter on the Nusselt number. Conclusions are

presented in Chapter 5.



CHAPTER TWO

LITERATURE REVIEW

2.1 INTRODUCTION

A review of the relevant literature related to nuclear fusion, fusion cooling blanket,
magnetohydrodynamics (MHD) and its effect on the cooling blankets, heat Transfer of
magnetohydrodynamics flow, flow past bluff bodies, vortex promoter, and vortex promoter in a

channel of two circular cylinders are presented in this chapter.

2.2 NUCLEAR FUSION

The research of nuclear fusion started back in 1950 when it was conducted by scientists at that
time where they formulated the principles of magnetic containment of high temperature plasmas
which would allow the development of a thermonuclear reactor (Smirnov, 2009). Conceptually,
the sun shines because of nuclear fusion (Fiorentini, Ricci, Villante, 2004), which leads to the
fact that fusion is a thermonuclear process of very high temperature. The primary source of solar
energy, and also stars of similar sizes, is the fusion of hydrogen to form Helium. Reflecting on

the sun has an abundance of energy, the concept is captured.

It has been said by Sapardi (2018) that the collision between deuterium and tritium
nuclei of hydrogen ions causes the fusion reaction, which produces energy and helium 5. Helium

5 splits into Helium 4 and a free neutron, which both release additional energy. (See Figure 2.1)



Deuterium Helium

Tritium Neutron

Figure 2.1 Energy, Helium and neutron is produced from the
collision of Deuterium and Tritium of Hydrogen ions, also called the

fusion reaction.

2.3 FUSION COOLING BLANKET

The fusion of the nuclei happens when the temperature of the fuel is extremely heated to circa
150 million degrees Celsius, forming hot plasma (Shivali, 2017). To keep the plasma away from
the walls, a strong magnetic field is used as confinement so that it does not cool down and lose
its energy potential. Magnetic fields generated by superconducting coils outside of a vacuum
vessel keep the fusion reaction contained within the torus (Dobran 2012). This is shown in Figure

2.2 The Tokamak fusion reactor is designed where

Plasma has to be confined long enough for energy production and for fusion to occur.
The intenal walls of the vacuum vessel is completely covered by the blanket modules that will
Protect the structure of the steel and the superconducting toroidal field magnets from high
temperature and high-energy neutrons resulting from the fusion reactions. When neutrons are
slowed down in the blanket, the transformation from kinetic energy into heat energy occurs and
will be collected by water coolant, where the energy that is harnessed will be used for power

generation (Refer Figure 2.3).



toroidal magnetic field coil
helical magnetic field coil

_ _ vacuum vessel
twisted magnetic field

Figure 2.2 The Tokamak fusion reactor is designed where a metal blanket with self-
cooling properties surrounds the plasma, which is contained in the shape of a torus.

generator
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steam
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turbine

C Lithium Lithium
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Figure 2.3 The blanket covering the fusion reaction that is connected to the generator.



