UNIVERSITI TEKNIKAL MALAYSIA MELAKA

A STUDY OF HARVESTING POTENTIAL WIND ENERGY
BASED ON TURBULENCE EFFECT ON THE SIDE OF THE
MPV (MULTI-PURPOSE VEHICLE) USING CFD SIMULATION

This report is submitted in accordance with the requirement of Universiti Teknikal
Malaysia Melaka (UTeM) for the Bachelor of Mechanical Engineering Technology

(Maintenance Technology) with Honours

TERRENCE MARK ADRAIN
B071210525
900416-12-5557

FACULTY OF ENGINEERING TECHNOLOGY
2015



UNIVERSITI TEKNIKAL MALAYSIA MELAKA

BORANG PENGESAHAN STATUS LAPORAN PROJEK SARJANA MUDA

TAJUK: A study of harvesting potential wind energy based on turbulence effect
on the side of the MPV (Multi-Purpose Vehicle) using CFD simulation

SESI PENGAJIAN: 2014/15 Semester 2
Saya TERRENCE MARK ADRAIN

mengaku membenarkan Laporan PSM ini disimpan di Perpustakaan Universiti
Teknikal Malaysia Melaka (UTeM) dengan syarat-syarat kegunaan seperti berikut:

1. Laporan PSM adalah hak milik Universiti Teknikal Malaysia Melaka dan penulis.

2. Perpustakaan Universiti Teknikal Malaysia Melaka dibenarkan membuat salinan
untuk tujuan pengajian sahaja dengan izin penulis.

3. Perpustakaan dibenarkan membuat salinan laporan PSM ini sebagai bahan
pertukaran antara institusi pengajian tinggi.

4. **Sjla tandakan (v")

(Mengandungi maklumat TERHAD yang telah ditentukan
oleh organisasi/badan di mana penyelidikan dijalankan)

SULIT

(Mengandungi maklumat yang berdarjah keselamatan
TERHAD atau kepentingan Malaysia sebagaimana yang termaktub
dalam AKTA RAHSIA RASMI 1972)

TIDAK TERHAD

Disahkan oleh:

(TANDATANGAN PENULIS) (TANDATANGAN PENYELIA)
Alamat Tetap:
Blok A, TO7-U02, Precint 1R12 Cop Rasmi:

Jalan No.1, P18/B, 62150, Putrajaya

W .Persekutuan .

** Jika Laporan PSM ini SULIT atau TERHAD, sila lampirkan surat daripada pihak berkuasa/organisasi
berkenaan dengan menyatakan sekali sebab dan tempoh laporan PSM ini perlu dikelaskan sebagai
SULIT atau TERHAD.




FAKULTI TEKNOLOGI KEJURUTERAAN
Tel : +606 234 6623 | Faks : +606 23406526

Rujukan Kami (Our Ref) :
Rujukan Tuan (Your Ref) :

9 DEC 2015
Pustakawan
Perpustakaan UTeM
Universiti Teknikal Malaysia Melaka
Hang Tuah Jaya,
76100 Durian Tunggal,
Melaka.

Tuan/Puan,

PENGKELASAN LAPORAN PSM SEBAGAI SULIT/TERHAD LAPORAN
PROJEK SARJANA MUDA TEKNOLOGI KEJURUTERAAN MEKANIKAL
(TEKNOLOGI PENYELENGGARAAN): TERRENCE MARK ADRAIN

Sukacita dimaklumkan bahawa Laporan PSM yang tersebut di atas bertajuk
“A study of harvesting potential wind energy based on turbulence
effect on the side of the MPV (Multi-Purpose Vehicle) using CFD
simulation” mohon dikelaskan sebagai *SULIT / TERHAD untuk tempoh
LIMA (5) tahun dari tarikh surat ini.

2. Hal ini adalah kerana IJANYA MERUPAKAN TAJUK YANG
DIKELUARKAN OLEH PENYELIA SENDIRI DAN HASIL KAJIANNYA
ADALAH SULIT.

Sekian dimaklumkan. Terima kasih.

Yang benar,

Tandatangan dan Cop Penyelia



DECLARATION

I hereby, declared this report entitled “A study of harvesting potential wind energy
based on turbulence effect on the side of the MPV (Multi-Purpose Vehicle) using

CFD simulation” is the results of my own research except as cited in references.

Signature
Name : TERRENCE MARK ADRAIN
Date : 09 DECEMBER 2015



APPROVAL

This report is submitted to the Faculty of Engineering Technology of UTeM as a
partial fulfillment of the requirements for the degree of Bachelor of Engineering
Technology (Maintenance) with Honours. The member of the supervisory is as

follow:

(Project Supervisor)

vi



ABSTRACT

Energy resources in our modern world are fast depleting. More energy
consumption is required for daily uses. As fossil energy are quickly drained every
day without concern from user, a preferable energy that should be cheap and
originate from an unending or infinite sources will come in mind. Hence, a
renewable energy is much required at the moment. Thus researching a renewable
energy which could be harvested is essential. The purpose of this study is to produce
the MVP model of Proton Exora in 3D CAD to simulate an airflow of a model and to
calculate the potential of wind energy generated by a certain speed. To complement
this approach, the MVP model of Proton Exora were produce. The model were then
imported to Hypermesh for meshing process. The meshing model were then
imported into Virtual Wind Tunnel for analysis section. Analyses were done by
simulating the model into three different velocities i.e. 80 km/h, 100 km/h and 120
km/h. Simulation computed the velocity field of flow around the model. The wind
speed dispersed based on the velocity evaluation location were then used to calculate
the potential energy harvested which is wind power. It proves that the increment of
vehicle speed increase affect the wind speed generated and the potential energy can
be calculated.
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ABSTRAK

Sumber tenaga dalam dunia moden kita adalah semakin berkurangan dengan
pantas. Penggunaan tenaga yang lebih amat diperlukan untuk kegunaan harian.
Dengan tenaga fosil yang semakin berkurangan setiap hari tanpa disedari oleh
pengguna, tenaga yang murah dan berasal dari sumber yang tidak berkesudahan atau
tidak terbatas akan bermain dalam fikiran. Oleh itu, tenaga yang boleh diperbaharui
adalah lebih diperlukan pada masa ini. Dengan itu penyelidikan tenaga boleh
diperbaharui yang boleh dituai adalah penting. Tujuan kajian ini adalah untuk
menghasilkan model MVP Proton Exora dalam bentuk CAD tiga dimensi untuk
disimulasikan aliran udara model tersebut dan untuk mengira potensi tenaga angin
yang dihasilkan oleh kelajuan tertentu. Untuk melengkapkan pendekatan ini, model
MPV Proton Exora telah dihasilkan. Model tersebut seterusnya di import masuk ke
dalam perisian Hypermesh untuk tujuan proses meshing. Seterusnya hasil dari
meshing akan dimport masuk kedalam perisian Virtual Wind Tunnel untuk sesi
analisis angin. Hasil yang diperolehi daripada simulasi tersebut digunakan untuk
mengira potensi tenaga angin yang dituai. Dapat disimpulkan bahawa penjanaan
kuasa angin adalah boleh dilakukan dengan data yang dikumpul dalam simulasi
CFD.Analisis yang dilakukan oleh simulasi model dengan tiga kelajuan berbeza iaitu
80 km/j, 100 km/j dan 120 km/j. Simulasi pengiraan medan aliran halaju sekitar
model. Kelajuan angin tersebar berasaskan penilaian lokasi halaju kemudiannya
digunakan untuk mengira tenaga keupayaan dituai itulah kuasa angin. Ia
membuktikan bahawa kenaikan kelajuan kenderaan mempengaruhi kelajuan angin
yang dihasilkan dan potensi tenaga boleh dikira.
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CHAPTER 1
INTRODUCTION

1.0 Background of study

In this modern age, more energy consumption is required for daily uses. As
fossil energy are quickly drained every day without concern from user, a preferable
energy that should be cheap and originate from an unending or infinite sources will
come in mind. With increasing in environment concern, and the limit to fossil fuel
sources, wind power have been the main awareness as a renewable energy sources

which is more convenient and friendly energy.

As a fossil fuel will decayed one day, this wind energy conservation may be
the leading energy contribution in the future. Renewable energy from wind is safe
and does not lead to any harm either to human or environmental pollution. Energy
harvested from wind power could produce a kinetic energy such as electrical and

mechanical energy.

In Malaysia, the wind power is not as strong as the other country as Malaysia
had been categorized in a region where the wind sources are minimal which a wind
sources naturally does come followed by a season. Thus, one way to get enough
wind power is from a highway by taking advantages from a moving vehicle. One
idea is exploiting the energy from induced wind produce by highway vehicle motion
(Abas Abd Wahab, 2000). By utilizing the moving vehicle, the wind produce can be
collected to rotate a suitable wind turbine that can be installed along the highway
divider. Thus, one of a promising vehicle which is MPV is a top priority for this
research. The idea of using MPV to generate potential energy is interesting.
Generating a potential energy by harnessing wind energy produces from a moving
vehicle is an excellent idea by manipulating its wide front surface area and through
to its side as the impact will create a turbulence flow of wind. This method of power
production is a one way into proceeding into a new era of a new important energy

sources as it is infinite. As the turbine is expensive, Computational Fluid Dynamic



(CFD) software become a replacement to investigate the wind speed produce by a

trailer truck.

1.1 Problem Statement

Generally wind in the highway road are very strong because of the vehicle
that moving along the road. The speed of the wind is higher due to the high speed of
the vehicle. The wind produce naturally turbulence that gives rapid or random
changes in the direction of the wind because of the surface areas that resistance to
wind and through to the side of the vehicles that make an unpredictable flow of wind
which is wind turbulence. This unused energy are yet to be taken advantage. As the
fossil fuel sources are depleting, this is the new way to take advantages of access

wind from a moving vehicles.

Energy can be enhanced from the wind of a moving vehicle. The amount of
energy which can be harvested from the moving vehicle are based on the wind speed
produced. In other word, the faster the vehicle moving, the stronger the wind speed
produced, the wind power produced will be greater. That mean the speed of wind
will generate a large amount of wind pressure. Even a small amount of wind speed
can have a big impact on the amount of energy which a wind turbine can generate.
For example, Malaysia highway always crowded with vehicles moving along the
road. Even a motorcycle rider will feel the wind impact from a moving vehicle if
they overtake side by side. This show that the wind impact is strong enough which is
released from a moving vehicles. Therefore, it is a challenge for us to take advantage

of that clean and renewable energy.

Therefore, in order to harvest potential wind energy produce, CFD simulation
have been a great software in which the wind speed data that generated from the
vehicle can be collected. It will helps to determine wind speed without the need to
purchase a set of wind turbine as it is expensive. Previous study stated that the
airflow can be achieved using CFD software and help in determining the airflow
around a moving vehicles (Nalathambi, 2014). Thus the appropriate data concerning
air flow analysis on moving vehicle will be obtained from this study and can be used

for further study (Nalathambi, 2014).



1.2 Objectives

The aim of this research is to study of harvesting potential wind energy based
on turbulence effect on the side of the MPV using CFD simulation. Therefore this

research objective is as below;
1) To produce a 3D CAD model of a MPV (Proton Exora).

2) To simulate an airflow on MPV (Proton Exora) model based on

certain speed.

3) To analyze the potential wind energy produced.

1.3 Scope of Study

There are 3 scopes being studied in this research in order to achieve the

objective. There are as follows;

1) Development of 3D CAD model of a Proton Exora using CATIA
software.
2) Simulating an airflow around Proton Exora using Hyperworks CFD

software based on speed 80 km/h, 100 km/h, and 120 km/h.

3) Analyzing the potential wind energy harvested produced by the wind

velocity of a moving vehicle.



CHAPTER 2
LITERATURE REVIEW

2.0 Energy Harvesting

Access to energy is a tactical importance around the world. According to
(Bekaye, 2012) about 1.6 billion people still dependent on ‘traditional biomass’ and
coal as their main source of energy consumption because of the lack or unavailability
access to modern energy. As the fossil fuel are depleting every second, lack of access
to a new, clean, cheap and reliable energy become a major problem into achieving

the Millennium Development Goals (Nations, 2015).

The importance of sustainable energy development, (Nations, 2012) state that
2012 is an International Year of Sustainable Energy by following the three objective

that have been established for 2030 which is:

. Universal access to modern energy services
. A 40% reduction in world energy intensity
. A 30% increase in use of renewable energy in the world

By achieving this three objective, a world with a clean, affordable and access
to free and safe energy will be top in our understanding into energy harvesting. This
is a crucial part as seen in the world now that has been flooded with billions of
people that will make sure the need of energy is exploded. As the non-renewable
energy is in a critical state of depleting, renewable energy has become the major

energy sources for the world.



2.0.1 Non-Renewable Energy Sources

Non-renewable energy sources also known as the energy that cannot be
produce or finite resources are natural resources that have been formed over millions
year ago in the earth for example earth minerals and metal ores, nuclear fuels and
fossil fuels. This resources are called as non-renewable because as they are being
used faster, they are created slower. That means it will depleted before it can be

formed again.

According to the scientists, the major contributor to the climate changes over recent
years are caused by the use of non-renewable energy sources as it produce
greenhouse gas emission. Greenhouse gases are known as gases that trap heat in the
atmosphere which can caused earth temperature to be imbalance. So as we know,
when the earth temperature in a state of imbalance, global warming will take place,
and it will melts the glacier in Antarctica and this means a great disaster will put

earth in a critical condition.

So we ought to know that it effect are already been investigated by a scientists. Thus
we can lessen our dependence on non-renewable energy sources by changing into

harnessing energy more from renewable energy sources.

2.0.2 Renewable Energy Sources

Renewable energy is the term used to describe energy that comes from
infinite sources which is can be use countless of time without worrying that the
resources will be depleted. Also known as renewing and virtually limitless. Among

these sources are biomass, hydro, solar, geothermal and wind.

During the course of history, the sources have been practically fully
harnessed and use to produce energy either kinetic energy, potential energy and so
on. By harnessing this clean and friendly energy, it will help to improve the quality

of the earth environment thus beneficial to human, animal and flora and fauna.



Today technological advancement show that more efficient way of harnessing
renewable energy sources have been developed. This shows that the using of
renewable energy are gaining more popularity as it safe to use and more friendly
energy compared to non-renewable energy. In contrast, renewable energy offer us
alternative which is far more good than non-renewable energy as the disadvantages
of using non-renewable is larger as we can see. Thus taking a step ahead of
harnessing this renewable energy will changed the course of energy needed all

around the world.

2.1  Renewable Energy Sources

2.1.1 Biomass Energy

Biomass is the term used for all organic matter on earth and that including
plants and animals. Waste from this organic matter can be used as a source of

renewable energy which is divided into two:

. Biofuel (ethanol) and biogas (methane) can be produce from human
sewage.
. Wood can be burned and used to generate hear and electricity.



Figure 2.1: Sources of Biomass
Biogas and biofuel are created from biomass. This two type of energy contain

ethanol which is from biogas and methane is from biofuel. Methane are produce
from organic material such as animals, plants and food when they decomposed.
Methane can be capture on landfill and can be used to generate electricity
(Development, 2014). The benefit from capturing methane is it can help reduce

carbon dioxide which is one factor of climate change.

As for biofuel, ethanol can be capture from wood. This ethanol can be
combined with petrol car and used as a fuel for car engines. When ethanol and petrol
combined, it form a new type of fuel which is called biodiesel. Biodiesel can be used
as fuel for diesel engines. So by using biodiesel as a fuel to power combustion
engines, it help reduces the amount of greenhouse gas produced because biodiesel

made from a plant that help absorb the carbon dioxide release.

Using biomass to generate electricity can greatly reduce our reliance on
power station that use non-renewable energy sources and discharge large volumes of
greenhouse gasses into the atmosphere. In contrast, biomass is still in development as

not all of the vehicle or machine can be fueled by biomass.

2.1.2 Hydro
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