Do ke Jomiemd e,

UNIVERSITI TEKNIKAL MALAYSIA MELAKA

COMPUTATIONALFLUIDDYNAMICS ANALYSIS OF
PERODUAAXIABODY WITH SEVERALTYPES OF SPOILER

WAN MUHAMMAD ‘AFIF BIN WAN AZIR

BACHELOR OF MECHANICAL ENGINEERING TECHNOLOGY
(AUTOMOTIVETECHNOLOGY)WITH HONOURS

2022



UNIVERSITI TEKNIKAL MALAYSIA MELAKA

Faculty of Mechanical and Manufacturing Engineering
Technology

COMPUTATIONALFLUID DYNAMICS ANALYSIS OF PERODUA
AXIABODY WITHSEVERAL TYPES OF SPOILER

Wan Muhammad ‘Afif Bin Wan Azir

Bachelor of Mechanical Engineering Technology (Automotive Technology) with
Honours

2022



COMPUTATIONAL FLUID DYNAMICS ANALYSIS OF PERODUA AXIABODY
WITH SEVERAL TYPES OF SPOILER

WAN MUHAMMAD °‘AFIF BIN WAN AZIR

A thesis submitted
in fulfillment of the requirements for the degree of
Bachelor of Mechanical Engineering Technology (Automotive Technology) with
Honours

Faculty of Mechanical and Manufacturing Engineering Technology

UNIVERSITI TEKNIKAL MALAYSIA MELAKA

2022



DECLARATION

I declare that this Choose an item. entitled “ Computational Fluid Dynamics Analysis of
Perodua Axia Body with several types of spoiler.” is the result of my own research except
as cited in the references. The Choose an item. has not been accepted for any degree and is

not concurrently submitted in candidature of any other degree.

Signature

Name :  WAN MUHAMMAD ‘AFIF BIN WAN AZIR

Date : o 17/1/2022




APPROVAL

I hereby declare that | have checked this thesis and in my opinion, this thesis is adequate in
terms of scope and quality for the award of the Bachelor of Mechanical Engineering

Technology (Automotive Technology) with Honours.

p— .},,,(,'
L
K

Dr Setyamartana Parman
Senior Lecturer

Sign atu re Facurty of Mechanical & Manufactuning Enginearing Technology

Universiti Teknikal Malaysia Melaka
Supervisor Name . DR. SETYAMARTANA PARMAN
Date

18/1/2022




DEDICATION

| dedicate my dissertation work to my family and many friends. A special feeling of
gratitude to my loving parents, Wan Azir and Hamidah. My siblings Wan Adib, Wan
Adibah, Wan Afig, Wan Atig and Wan Atif.
I also dedicate this dissertation to many friends who have supported me throughout the

process. | will always appreciate all they have done.



ABSTRACT

This thesis presents the computational fluid dynamics analysis of the Perodua Axia body
with several types of spoiler. The design of the Perodua Axia body is was created with
several types of spoiler to analyze the drag force at the rear back. A spoiler's design purpose
is to minimize drag and improve fuel economy. From the rear border of the roof to the trunk
or tail of the automobile, many automaobiles have a rather steep downward inclination. Flow
separation occurs when air moving across the roof tumbles over this edge at a higher
velocity. The airflow becomes turbulent, resulting in the formation of a low-pressure zone,
which increases drag. Adding a spoiler to the vehicle's very back reduces flow separation by
making the air slice longer and softer from the roof to the spoiler. Reduced flow separation
reduces drag, which improves fuel efficiency; italso aids in keeping the back window clear
by allowing air to flow easily through it. Due to the constraints of traditional wind tunnel
experiments and quick advances in computer power, much effort has been devoted to
studying vehicle aerodynamics computationally during the last decade. A 3D computer
model of the Perodua Axia car will be designed with the software Catia Autocad and be used
as the base model. The other model will be designed with another spoiler design. The
simulation will be run to determine the aerodynamic effects of the spoiler.



ABSTRAK

Tesis ini membentangkan analisis dinamik bendalir pengiraan badan Perodua Axia dengan
beberapa jenis spoiler. Reka bentuk badan Perodua Axia dicipta dengan beberapa jenis
spoiler untuk menganalisis daya seret di bahagian belakang belakang.Reka bentuk badan
perodua axia dibuat dengan dan tanpa spoiler untuk menganalisis daya tarik di bahagian
belakang. Tujuan reka bentuk spoiler adalah untuk meminimumkan daya seret dan
meningkatkan ekonomi bahan bakar. Dari sempadan belakang bumbung ke batang atau
ekor kenderaan, banyak kereta mempunyai kecenderungan ke bawah yang agak curam.
Pemisahan aliran berlaku apabila udara yang bergerak melintasi bumbung jatuh di tepi ini
pada halaju yang lebih tinggi. Aliran udara menjadi bergelora, menghasilkan pembentukan
zon tekanan rendah, yang meningkatkan daya tarik. Menambah spoiler di bahagian
belakang kenderaan akan mengurangkan pemisahan aliran dengan menjadikan hirisan
udara lebih panjang dan lebih lembut dari bumbung ke spoiler. Pemisahan aliran yang
dikurangkan mengurangkan seretan, yang meningkatkan kecekapan bahan bakar; ia juga
membantu menjaga tingkap belakang tetap bersih dengan membiarkan udara mengalir
dengan mudah melaluinya. Oleh kerana kekangan eksperimen terowong angin tradisional
dan kemajuan cepat dalam daya komputer, banyak usaha telah dikhaskan untuk
mempelajari aerodinamik kenderaan secara komputasi selama dekad yang lalu. Model
komputer 3D kereta perodua axia akan dirancang dengan perisian Catia Autocad dan
digunakan sebagai model asas. Model lain akan direka dengan reka bentuk spoiler lain..
Simulasi akan dijalankan untuk menentukan kesan aerodinamik spoiler.
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CHAPTER 1

INTRODUCTION

1.1  Background

Aerodynamicsis the study of how things flow through the air. Aerodynamics is a
field of fluid dynamics that examines the motion of air (thomas,2016). The laws of
aerodynamics describe how an object interacts with air in motion. Aerodynamics effect
anything that moves freely, from a jet to a banner. Because they are accompanied by air,
even automobiles are impacted by aerodynamics.

The body and chassis of the vehicle can be built to reduce total weight and enhance
overall aerodynamic characteristics for better riding circumstances, higher navigational
accuracy, and reduced energy usage. More power under the hood means higher rotational
speeds can be produced, for which become loses its aerodynamic properties are insufficient
to provide the necessary downforce and handling. The aerodynamic properties of an
automobile have a major impact on its performance, handling, protection, and comfort.
Additional body components, such as rear spoilers, lowered front and rear skirts, airflow
dams, and other aerodynamic assists, are installed to guide airflow in a new directionand
reduce drag while improving stability.

Owners of daily vehicles nowadays tend to change their vehicles to make them look
more sporty (Katz, 2016). A rear spoiler is a part that aids in the generation of downforce
in a car. It's an aerodynamic device that "ruins” adverse airflow acrossa vehicle'sbody. As
an air barrier, a spoiler could be installed on the front or back bumper. Spoilers can be

attached to any part of a car, although the most common location is in the back.
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This is also determined by the form of the car's rear end, which might be rectangular,
notchback, or sportys sedan. Lift and drag are two main aerodynamics factors that the rear
spoiler contributed to. The spoiler canalso be utilised to control cornering balance and
conserve power by reducing drag force. A rear spoiler can reduce drag and back wheel

boost while somehow decreasing dust on the back floor.

1.2 Problem Statement

The automobile has a strong tendency to lift over when drivenat a fast speed,
particularly on a road with a speed of traffic of 110 km/h. The pressure decreases as the
higher amount of air in front of the glass accelerates as it passes over the glass. This
decreased pressure elevates the roof as the air travels over the car. When the air is expelled,
the notch created by the window falling to the body creates a vacuum or low pressure area
that the air cannot adequately cover.

The wind is stated to split, and the consequent lower pressure creates lift, which
affects the body's surface area. To reduce liftand increase high pressure, a rear spoiler can
be added to the vehicle's body. Spoilers are most commonly found on sedans. They act as
airflow barriers, allowing for increased air pressure at the front of the spoiler. This is
beneficial because, as stated earlier, the low-pressure zone above the trunk lifts the car's
back end, making it look "Light." At high velocities, its key goal is to decrease drag and air
noise, lower noise emissions, and eliminate undesired lift forces and other causes of

aerodynamic instability. The air is likewise considered a fluid in this circumstance..
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The chief purpose of a spoilerare to make the car looking awesome. It is also to
improve the downforce for a car that traels at high speed. Aerodynamic drag increases as a
vehicle speeds up, making the engine work harder to maintain speed. Additionally, more
air gets beneath it, causing "lift," which weakens grip and makes the car less stable. The
quantity of air that passes beneath the car is reduced by front spoilers. Spoilers produce
greater downforce towards the back, where airflow is more turbulent and generates more
lift, keeping the car firmly planted on the road. So when the drivers are interested on
installing the spoiler, the drivers cannot decide which are the best option for the car.
Perodua Axia car was choosed to be analyzed with several types of spoiler. It is because
Perodua Axia is well-known for being the entry-level car. Its also comes with affordable
price and small dimensions, which is the best option as the perfect starter car for a new
driver. So the whole body of Axia will be selected to be analyzed using CATIA and Ansys,

it will be tested with several types of spoiler.

1.3  Research Objective

a) To study aerodynamic performance of city car that is Perodua Axia by
Computational Fluid Dynamics method.
b) To investigate the impact of the several type of spoiler on the aerodynamic

performance of Perodua Axia by the Computational Fluid Dynamics method.
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1.4 Scope of Studies

The following are the parameters of the this study:

. Design of Perodua Axia body performed by using CATIA.

) Perodua Axia's design is used as a comparison for the aerodynamics
performance.
. Ansys system is use to perform Computational Fluid Dynamics analysis

which is shows which spoiler are better when it comes to aerodyanmics.

. Simulation of pressure and airflow through a car and the impact of the rear

spoiler are the main focus of this project.

16



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

Automobiles can travel at such a high velocity rate that they can lose balance and
cause accidental injuries as a result of their accelerated speed. This demonstrates the need
for a controlling element such as aerodynamic wing with a spoiler that produces a carefully
balanced body to stall over the wing section behind the spoiler, minimizing the lift of that
wing section (Remer,2019). Spoilers are engineered to minimize lift while also raising drag
significantly.

As an air dam, a spoiler may be added to the front or rear bumper. The rear spoiler
contributed to two major aerodynamic factors: liftand drag. The spoiler can also be
utilized to control cornering stability and conserve power by reducing drag force. A rear

spoiler can help minimize drag and back wheel boost, as well as dust on the rear ground.

2.2  Automotive Aerodynamics Technology’s History

The merging of aerodynamics with automotive technology has taken a long time.
Only after numerous efforts has a synthesis of the two proved effective (Thomas,2016).
This is unexpected, because collaboration with fluid mechanics has provento be quite
beneficial in the surrounding fields of traffic technology, naval design, and aeronautics. Of
course, ship and airplane designers had a leg up. They got their inspiration from fish and
birds in nature. Many fundamental characteristics were taken fromthese natural forms. In
the automobile, there were no such originals. As a result, its architects attempted to mimic

the forms of ships and airplanes, which must have seemed sophisticated to them at the
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time. This rapidly provedto be the incorrect technique. Aerodynamics madea
breakthrough in the car only when it broke free from these faulty originals.

Some other reason for early and repeated vehicle aerodynamic problemsis that they
began much too early. The early vehicles were sluggish and inefficient. Streamlined bodies
would have looked absurd on the poor roads of the day. The original design of horse-drawn
carriages protected the people in the car from wind, mud, and rain. Eventually, the
stereotype that aerodynamic bodies are just for peculiar individuals won over the need to
gain from aerodynamics for economic reasons.

Figure 2.1 depicts a brief history of vehicle aerodynamics. People, the majority of
whom were not from the motor business, worked on aerodynamic development throughout
the first two of the four eras. They attempted to apply fundamental ideas from aviation
aerodynamics to automobiles. Later, throughout the last two periods, automobile firms
took up the discipline of vehicle aerodynamics and integrated it into product development.
Aerodynamics has been (and continues to be) the responsibility of teams rather than

individual inventorssince then.
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Figure 2.1: Vehicle dynamics in commercial vehicles throughout time.

(Thomas, 2016)
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A torpedo-shaped vehicle with a small drag coefficient was the first to be
developed utilizing aerodynamic principles, but the revealed passenger being out of body
axles should have disrupted the vehicle's favorable flow characteristics (Thomas,2016). In
comparison to planesand submarines flying in a medium that encloses the body, they were
unconcerned with the body's proximity to the ground. The available wheels and exposed
undercarriage, paired with the ground, interrupt the flow of an automobile like this.

As time passes, more research into the effects of aerodynamics on automobiles is
conducted, and new designs are produced to meet growing demands and to save money.
The wheels evolved to be built into the body, decreasing aerodynamic drag and resulting in
a smoother flow. To keep the streamlining attached for many years, the tail was long and
oddly shaped. Smooth bodywork, connected bumpers, and body -integrated headlamps
were all added to the cars. The designers had designed a car with a unique shape from
traditional horse-drawn vehicles. Researchers had unquestionably managed to develop cars

with low drag coefficients.

2.2.1 Passenger Car

One of the general forms illustrated in figure 2.2 might be one of the possible
versions supplied by a specific manufacturer (K. Joseph,2016). The measuring methods
and facilities utilized usually have an impact on the given aerodynamic data. For example,
most companies will do standard car testing on the street or in a wind tunnel. Whether or
not moving ground or ambient variables are employed in coast down testing, however,
may have an impact on the results. A SUV has significantly lesser drag than a sedan or a

well-equipped hatchback.
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Furthermore, open-top automobiles (sedans) have a flow split below the window,
which explains why they have a larger drag. SUVs are based on modern automobiles and
feature a rectangular form with sharp points, resulting in the highest drag (K. Joseph,2016).
Furthermore, itis well accepted that driving with windows closed and open-air con saves
gasoline. since the drag of a vehicle increases when the windows are opened. While
considering a car with totally closed windows to one with fully open windows, Table 2.1
provides average incremental drag coefficient results. The most significant increase is seen
in boxy forms, such as the SUV depicted. Furthermore, opening merely single window at
moderate rates creates lower frequencies pressure fluctuations (buffeting), that might very
annoying. Table 2.1 shows the typical progressive drag coefficient value evaluating in the

vehicle with totally closed or fully opened windows.

Figure 2.2: Passenger automobile designs that are most commonly found (K.

Joseph,2016).
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Co Cis Cur ACp (open window)

Sedan 0.32 0.067 0.114 ~0.05
Wagon 0.30 ~0.04
Hatchback 0.31 ~0.03

Convertible 0.40

SUV 0.40-0.50

Table 2.1: Typical passenger car drag and lift coefficients (K. Joseph,2016).
It's also fascinating to see which parts of the car contribute to total drag (and how
much). This is a challenging question to answer since a complete drag splitis hard to
quantify physically and may vary depending on the CFD method used. Some approximated

amounts referred on calculations are showed in table 2.2.

Bodywork 0.050
Rearview mirrors 0.015
Rear surfaces 0.085
Engine bay 0.024
Coolingdrag 0.048
Underbody + chassis 0.085
F wheel + suspension 0.025
R wheel + suspension 0.023
Total drag coefficient 0.355

Table 2.2: On a conventional sedan, a computed breakdown of the drag components

(K. Joseph,2016).
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In open-top cars, aerodynamics is frequently used to increase comfort. Even at
modest speeds, the aerodynamic turbulence (pressure variations) generated by opena
sedan's glass or sunroof can be uncomfortable. As an example, Figure 2.3a depicts the
reversed flow behind the glass. The unequal reverse flow in this scenario might blast the
driver's hair into his or her eyes, impeding focus, or just blow stuff surrounding the car
away. A typical method for restricting the reverse flow channel is to employ a movable
screen or a rear air deflector (see Figure 2.3b). These devices may be operated
automatically, rising and retracting at high and low rates, respectively. As shown in Figure
2.3c, example like the wind deflectors installed on the top of the glass. Strong winds are
reduced by directing the flow over the vehicle's entire open top. At low speeds, this

approach is easy and effective, but at greater speeds, it increases drag.

Figure 2.3: Different wind deflector location: a) Without wind deflector b) Rear wind

deflector c) Front wind deflector (K. Joseph,2016).
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2.2.2 City Car

When it comes to the sort of car people drive, bigger isn't necessarily better. While
some people—families, businesses that transport packages—need a large car or SUV, but
are notideal for everyone (W. Liu,2017). A tiny, little automobile is often all that is
required to go around in daily life. Large automobiles and strong SUVs are far more
difficult to manage than small cars. This is especially advantageous for individuals who
live in congested cities or on narrow streets. Parallel parking, as well as squeezing into
slots in a packed parking lot, are also simpler.

Compact automobiles are also simpler to maneuver in tight spaces. Smaller
automobiles are more fuel efficient than larger vehicles. This translatesto fewer pollutants
harming our precious ecosystem. Small automobiles are made up of fewer materials, using
less fuel to manufacture than bigger vehicles. A compact automobile will take up less room
in a landfill after itis no longer drivable. Unless driver is looking for a high-end sports car,
little automobiles are often less expensive than bigger ones.

Compactautomobiles are less expensive to construct than bigger cars because they
use less materials. This keeps the price down. Because of their cheaper pricing, compact
automobiles gained appeal after the 2008 crisis (Steg, L,2005). Smaller automobiles
require less maintenance than V6 or V8 vehicles since their engines are smaller, generally
with four cylinders. 4-cylinder engines seldom require the belt change that occurs at
100,000 miles, which is inconvenient. Instead, they're usually driven by a chain, saving

consumers a few thousand dollars when your car hits 100,000 miles.
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2.3 Fluid Dynamics

In physics and engineering, fluid dynamics is a subcategory of fluid mechanics that
describes the movement of liquids and gases (Mustafa Cakir, 2012). Two of its subfields
are aerodynamics (the study of air and other gases in motion) and hydrodynamics (the
study of water in motion) (the study of liquids in motion). Fluid dynamics is used to
measure forcesand moments on aeroplanes, quantify the mass flow rate of petroleum via
pipelines, predict weather patterns, study nebulae in interstellar space, and estimate fission

bomb blasts, to name a few applications.

2.3.1 Computational Fluid Dynamics

Computational Fluid Dynamics (CFD) is a subset of computer science that incorporates
computer science, mathematics, and modern fluid dynamics (Mustafa Cakir, 2012). CFD
analyses and solves fluid flow problems using numerical methods. CFD is a tool for
researching and analysing a wide variety of heat transfer and fluid flow issues. Automotive

aerodynamics was among the most useful concepts of CFD.

2.3.2 Aerodynamics

Aerodynamicsis the science of how air flows through objects. The laws of
aerodynamics describe how an aeroplane should fly (Kumar,2015). Aerodynamics affects
anything that travels through the air. Aerodynamicsaffect both a rocket bursting from its
launch pad and a kite flying through the air. Aerodynamics has an impact on cars since
wind passes through them. The research of the aerodynamics of passenger cars is known as
automotive aerodynamics. At full speed, the main objectives are to reduce drag and wind
noise, as well as to avoid unwanted lift forces and other sources of aerodynamic instability.
Air is frequently referred to as a fluid. For certain racing vehicle classes, producing

downforce might be necessary to increase traction and thus cornering skills.
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2.3.3 Problem of Aerodynamics Classes

Aerodynamicsare an issue in many classes. External aerodynamics is the study of
flow surrounding physical objects of various shapes and sizes, like studying lift and drag
through a plane or shocks wave front of a rocket's nose (Mustafa Cakir, 2012). Internal
aerodynamics, on the other hand, is the analysis of flow through solid matter such as a gas
turbine or an air conditioners pipe through channels.

The ratio of typical flow speed to sound speed is the second type of aerodynamic
categorization. If all of the speeds in an issue are less than the speed of sound, it is termed
subsonic; if both below and above the speed of sound are present, itis called transonic. Itis
considered supersonic when the usual flow speed surpasses the speed of sound, and it is
called hypersonic when the flow speed exceeds the speed of sound. The impact of viscosity
is addressed in the third classification. Because certain problems have low viscous effects,
the viscous might be deemed non-existent. Inviscid flows are the result of this issue,

whereas viscous flows are the result of Viscosity.

2.34 Aerodynamics of Automotive

Automotive aerodynamics is the study of the aerodynamics of road vehicles. At
high speeds, the objective of this study is to decrease drag, wind noise, and undesired lift
forces (Mustafa Cakir, 2012). It's also important in various racing car classes to create the
necessary downward aerodynamic force to improve traction and handling ability.

The wheel and lights will be incorporated into the aerodynamic vehicle to save
space. It features a fastback-style tail and lacks a form edge that crosses the wind stream to
be streamlined. To create desirable downward forces, the aerodynamic design will be flat

and smooth.
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2.4 Spoiler

A spoiler is an aerodynamic device for vehicles that is designed to "ruin" adverse
airflow over the body of a moving vehicle, often known as drag. Air dams are front-end
spoilers that, in addition to directing airflow, reduce the amount of air flowing beneath the
vehicle, minimizing aerodynamic liftand drag. Spoilers are ubiquitous on race carsand
high-performance luxury automobiles, but they've gained favor in normal vehicles as well.
Spoilers on vehicles are generally employed for aesthetic reasons and give little or no
aerodynamic benefit.

Many passenger car spoilers are designed to reduce drag and enhance fuel
efficiency. For passenger automobiles, front and rear spoilers are offered. Front spoilers,
which are located behind the fender, are generally aimed to decrease drag and enhance
height by limiting the quantity of air travelling beneath the vehicle. In sports vehicles, rear
and front spoilers are highly popular. Despite the fact that these cars often have a more
compact chassis and better suspension to help in high-speed agility, a spoiler may be
advantageous. Airflow separation can occur because certain vehicles have an extremely
steep descending angle fromthe rear border of the top to the body or rear of the vehicle.
The air flow becomesunstable, causing a low-pressure environment to form, which
increases drag and turbulence. The installation of a rear spoiler allows the air to "see" a
wider, softer slope from the roof to the spoiler, reducing flow isolation and decreasing lift

on the car by producing down power.
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2.5  Structural Concept of An Adaptive Shock Control Bump Spoiler

Drag reduction methods in aircraft design are a critical enabler for decreasing emissions
and ensuring commercial aviation's long-term growth (Markus,2019). Drag reduction
promises to be a significant benefit of laminar wing technology. The usage of shock
control bumps is one approach of reducing the wave drag induced by the aerodynamic
shock (SCBs). SCBs have the goal of converting a single powerful shock into multiple
smaller and weaker -shocks, resulting in a drag benefit when placed appropriately. SCBs
should be adjustable in position and height as the shock position changes with various
parameters such as speed, altitude, and attack angle throughout the conflict. SCBs, on the
other hand, can assist manage laminar buffeting as a fixed case by fixing the shock into
certain places at the SCB's location. An adaptive shock control bump spoiler is proposed in
this study as a structural idea. An adaptive spoiler with two conventional actuatorsis given,
based on a fixed bump SCB spoiler idea. The interdependencies of key design factors are

examined, as well as the design motivations.
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Figure 2.4: Aerodynamic concept of shock control bumps (Sommerer,2019)
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Sommerer and colleagues presented computational results for adaptive transonic
airfoils with variable camber and shock bump control. The findings indicate that the usage
of SCBs on a transonic airfoil has a bright future. Sommerer enhanced bump shapes and
investigated the impact of several geometric bump representations for a specific out-of-
design scenario. The precise shape of the bump is demonstrated to be of minor importance,
but bump location, or the positioning of the bump crest, and height have a substantial
impact on bump efficacy. To obtain the greatest possible drag reduction, the structural
design of a shock control bump should be able to change the bump height and placement to
out-of-design and flow conditions. Based on these findings, a generic geometry is used to
construct the position-adaptable SCB spoiler concept, with SCB design principles and

suggestions provided in Table 1 and Fig. 2.

Xclc 0.60-0.70
Iblc 0.15-0.30
hplc 0.001-0.005

Table 2.3: Geometric defnitions for the investigation of a position variable SCB

l,/c

nominal

T x/e

x./c —

Figure 2.5: SCB geometry definition
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The author proposesan integrated design concept (Sousa,2015). A spoiler body with
pressurized cells is built for an adjustable SCB (Fig. 3). The cells are integrated within the
spoiler body and may create a variety of SCB shapes depending on their pressurization.
The design is built on analytical methods enabling a speedy optimization procedure. As a
preliminary design approach for the provided notion, the creation of target shapes with

consideration of mechanical boundary conditions is offered.

flexible skin

connection 10 main
wing

Figure 2.6: Structural concept with pressurized cells for realization of a shock control
bump spoiler (Sousa,2015)

The position-adaptive SCB spoiler idea is based on the fixed SCB concept proposed
by Kirn,2016 and Machunze,2000. The concept is improved by the addition of a second
actuator, which controls a second bump point. The fundamental notion of a pre-shaped
spoiler body is kept, but it has been enlarged to incorporate a maximum backward and
forward bump position. An adaptive SCB can be enabled and positioned between these
points based on the flow conditions. A second hinge site at the spoiler's trailing edge is
provided by the end of a stiffened section of the spoiler body. The bump location may then
be adjusted depending on stiffness tailoring and actuator displacements in the region

between the firstand second hinge chord positions.
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Figure 2.7: Structural concept for a shock control bump spoiler by preshaping

(Kirn,2016)

SCB fwd

position
SCB rear

position

A 2%,
Front Spar = - —
,Flex Hinge <
o m— |
- i forcement 2 i 3
Reinforcement -~
4 Se
Pre-shaped

Spoiler Trailing
Edge

Spoiler clean
cruise shape

Figure 2.8: Sketch of the adaptive SCB-Spoiler (reference) concept with main
contributing elements (Machnunze,2000)

The 'flexible hinge' approach of connecting the spoiler to the wing box proposed by
Kirn,2016 is approved because the position-adaptive SCB design suggestion focuses
especially on shock control for wings with natural laminar flow. However, because the
flex-hinge technology is separate from the SCB technology, the author just utilises itas a
design constraint and does not go into detail about it. To seal the fap gap, the spoiler must
be in contact with the fap body when cruising. The trailing edge of the spoiler must

establish a line contact with the fap with a particular contact force.
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2.6 Theory of Aerodynamics
2.6.1 Theorem of Bernoulli

If a fluid flows horizontally with no change in gravitational potential energy, a
decrease in fluid pressure equals an increase in fluid velocity, according to Bernoulli's
theorem (Diakakis,2014). When a fluid flows through a straight tube with varying pass
area, it accelerates in constrained sections and exerts the least amount of pressure when the

cross-sectional area is the smallest. Figure 2.4 depicts the venturi effect phenomenon.
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Figure 2.9: Venturi phenomenon (Diakakis,2014)

Bernoulli's principle, which culminates in Bernoulli's equation, may be utilized to
many different types flow of fluid (Eq. 2.1). In reality, various types of flow need distinct
versions of Bernoulli's equation. Bernoulli's principle in its simplest version is true for

incompressible flows (most liquids) as well as compressible flows (gases).
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P+ % pvZ = constant (2.1)
Where P = pressure
P = density
v = velocity
The principle of Bernoulli is the same as the idea of energy conservation. The sum of
all kinds of mechanical energy in a fluid along a streamline is the same at all places along
that streamline in a steady flow (Diakakis,2014). This implies keeping the total of kinetic
and potential energy constant. Because the energy per unit mass (the sum of pressure and
gravitational potential) remains the same throughout a reservoir, the sum of all forms of

energy on all streamlines as the fluid flows out of it is the same.

2.6.2 Aerodynamic Drag

The force that keeps an item from moving through a fluid is known as drag.
Aerodynamic drag arises when the fluid is a gas, such as air. Hydrodynamic drag arises
when the fluid is a liquid, such as water (Diakakis,2014). Drag is a complex phenomenon
that is exceedingly difficult to describe from a hypothesis based only on fundamental
principles.

The capacity to flow is what distinguishes fluids. A fluid, in semi-technical terms,
is any substance that cannot withstand a shear force for an extended period of time. This
makes them tough to grip while making pouring, stirring, mixing, and distributing them
simple. Consequently, fluids take on the form of their container rather of having a distinct
shape. Fluids are unique in that, when contrasted to solids, they give up their space rather
easily to other material objects.

Fluids aren't solids, yet they are definitely stuff. The ability to have both mass and

volume is a fundamental feature of materiality. Changes in velocity are resistant to material
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items, and no two material objects may be at the similar position around the same moment.
The pressure drag is the fraction of the drag force caused by the fluid's inertia, or its urge to

shiftwhen it is pushed aside to make room for something else.

Fd
1
EpUZA

Cq = (2.2)

Where Fq = Force of Drag
Cq4 = Drag of Coefficient
p = Density
v = velocity

A = Area

2.6.3 Aerodynamic Lift

In passenger automobiles, lift is typically of little consequence since the speed is
usually too low to create significant lift. Something unusual happened at high speeds,
which was observed early on: the automobile seemed to rise off the ground. Lift may be
dangerous, especially in race vehicles. It has a significant impact on the car's control and
handling (Diakakis,2014).

The airflow over the top of an automobile is quicker than the airflow across the
bottom, causing lift. This happens in all automobilesto some extent. Bernoulli's theorem
states that as speed rises, pressure drops. As a result, the pressure at the roof of the vehicle
is lower than at the base, resulting force lift.

The amount of lift generated by an object is influenced by the density of the air, the
velocity between some of the object and the air, the viscosity and compressibility of the
air, the surface area over which the air flows, the shape of the body, and the body"s

inclination to the flow, also known as the angle of attack.
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(2.3)

Where F|_ = Force Lift
C._ = Lift Coefficient
p = Density
v = velocity

A = Area

2.6.4 Development of the Boundary Layer

The boundary layer can be defined as the fluid layer immediately around a
bounding surface in physics and fluid mechanics (Diakakis,2014). There's always a
velocity boundary layer and hence surface friction for flow through any surface. This
surface friction on a car's body might cause drag, which could affect the car's

aerodynamics.

o (x)

Velocity
boundary
layer

-1

Figure2.10: Flow through the plate (Diakakis,2014)
Boundary layer velocity is generated by viscous processes associated to relative
motion between a fluid and a surface. A flow region is defined by the gradients of shear
stresses (t) and velocity (u). As the flow direction changes, the thickness of the region

between the surface and the free stream increases. Surface friction is heavily influenced by
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flow conditions, whether laminar or turbulent. As you go closer to the back of the
automobile, the boundary layer on the surface thickens. The greater the thickness of the
boundary layer, the more difficult it is for air to separate from the body, resulting in

turbulent flow.

2.7  Flow Separation on Vehicle
2.7.1 Introduction

Understanding how air flows through a vehicle's body is critical for determining
and analyzing its aerodynamics. In general, air flows around the body of a vehicle may be
divided into two types: turbulent and laminar. Both layers may be characterized as the

boundary layer grows on the car's surface.

2.7.2 Process of Flow Separation

Aside from turbulence, the boundary layer also has a phenomenon known as flow
separation, which generates pressure drag on a body (see Figure 2.6). It happens when the
pressure at the back surface is lower than the pressure at the front surface, causing
separation and resulting in drag. This may be noticed while investigating flow from the
leading edge to the following edge of an aero foil (Katz,2016).

Flow separation is unfavorable because it generates a larger wake and lower
pressure on the back side, resulting in slower pressure restoration. To avoid insufficient
flow separation, airflow movements from the roof to the rear window must be greatly
simplified. The lack of separation may be a factor in the drag. Aerodynamics will be

significantly more effective if the flows operate in clean air (laminar flow).
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Figure 2.11: Process of flow separation (Katz,2016)

2.7.3 External Flow

Figure 2.8 depicts the movement of air around a vehicle. The road speed of the
automobile is the undisturbed velocity (V) in still air. If there is no flow split, the viscous
effects in the fluid are restricted to a thin layer of a few millimeters thickness known as the
boundary layer.. Figure 2.7 demonstrates that the flow is inviscid beyond this layer, as well
as its pressure is applied to the boundary layer (Katz,2016).

The velocity within the boundary layer reduces to zero at the wall, where the fluid
fulfils the no-slip condition, from the value of the inviscid external flow at the boundary
layer's outside border. The flow separates (Figure 2.8 shows separation immediately
behind the back), the boundary layer is spread, and viscous processes completely control
the flow.

When compared to the vehicle's typical length, such areas are relatively substantial.
There is no change in velocity in between free stream and the ground at a given distance
from the vehicle. For wind tunnel simulations of airflow over ground vehicles, this

discovery is crucial.
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Figure 2.12: Boundary layer (Katz,2016)

Re = pT”L >104 (2.4)

Where Re = Reynolds number

p = density

v = speed

L = length

K = dynamics viscosity of the fluid

The Reynolds number is the name for this dimensionless parameter. As illustrated
in Fig. 2.8, itis a function of the speed (V), the kinematic viscosity (v), and length (L). The
kind of viscous flow around an item is influenced by its Reynolds number and form. Flows
with differing Reynolds numbers for the same body form may have completely distinct
properties. The Reynolds number is thus the dimensionless parameter that describes a

viscous flow.
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Figure 2.13: Flow on a vehicle (Katz,2016)

2.8 General Features of Fluid Flow

Aerodynamicsis "limited"” to the flow of air, whereas fluid dynamics is concemed
with the motion of fluids (Mustafa Cakir, 2012). Fluids, unlike solids, cannot acquire a
stable shape when loaded and will distort instantly. If we puta block in the backyard pool,

for example, it will sink since the fluid beneath it is not stiff enough to support it.

2.8.1 Laminar and Turbulent Flow

\
\‘(b!

Laminar Flow Turbulent Flow
Figure 2.14 Flow Diagram: a) laminar flow b) turbulent flow (Thomas,2016)

Laminar flow is described as a fluid flow in which the fluid layers do not combine
and move in opposite directions. In a laminar flow, the surface flow moves in a single
direction. Laminar flow occurs when fluid flows at a low velocity in small diameter
pipelines. A fluid flow with a Reynolds number less than 2000 is referred to as laminar
flow. The fluid flow is strongly coupled in the sense that neighbouring layers of fluid do
not mix and instead go straight toward one another and the tube wall. Shear stress in
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laminar flow is determined by fluid viscosity, which is unaffected by density
(Thomas,2016).

Turbulent flow is described as a fluid flow in which adjacent layers of the fluid
overlap one another instead of flowing in a straight line. The fluid layers in turbulent flow
do nottravel in a straight line. They move in a random zigzag pattern. When the velocity
of the fluid is high and it flows through larger diameter pipes, the consequence is turbulent
flow. A fluid flow with a Reynolds number greater than 4000 is considered turbulent. The
fluid does not move in a logical order. Different strata are mixed together, and they do not
move in a straight line, but rather cross each other. The density of a turbulent flow

determines the shear stress (Thomas,2016).

2.8.2 Flow Attached and Flow Separated

A Attached flow
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B Separated flow
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Figure 2.15 Flow diagram: a) Attached flow B) Separated flow (Mustafa Cakir, 2012)
The flow that has not detached from the body is referred to as attached flow. In an
airfoil, for example, the flow is connected at low angles of attack, i.e. the streamlines
"stick™ to the body. A separated flow is a liquid or gas flow when the flowaround a body
splits in its top, resulting in the formation of a reverse-vortex flow area. Small pressure

gradients and low stagnation pressure values are typical of the reverse-vortex flow region.
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Separated flow occurs in the border layer in particular. For the separated flow creation, a
rise in pressure along the wall along the flow direction is required. In this circumstance, the
particles travelling in the boundary layer near the body surface have a low velocity,

therefore their kinetic energy is inadequate to counteract the increased pressure.

2.9  Properties of Fluids

Many properties related to thermodynamics, mechanics, and other fields of science
may be present (Katz,2016). We can only lista handful in the following paragraphs that

are included in introductory fluid mechanics.

2.7.1 Density

By definition, density is defined as mass (m) per unit volume (Mustafa Cakir,
2012). More specifically its volumetric mass density that also know as specific mass.
The density of a substance is usually measured in grammes per cubic centimetre. Density

is defined as:

(2.5)

< |3

Where p = density
m = mass

v =volume
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2.9.2 Pressure

The pressure (P) is defined as the usual force (F) acting on a surface perunitarea
(A) (Mustafa Cakir, 2012). Pressure is a scalar quantity. It connects the normal force

operating on the surface to the vector area element (a vector normal to the surface).

F
P = 7 (2.6)
Where P = pressure

F =force

A =area

2.9.3 Temperature

Temperature is a measurement of hotness or coolness on one of several arbitrary
scales that represents the natural direction of heat energy transfer (Mustafa Cakir, 2012).
Temperature is not the same as the energy of a thermodynamic system. Temperature is

classified as an intense characteristic, along with pressure and density.

2.94 Viscosity

The reluctance of a fluid (liquid or gas) to altering shape or movement adjacent
portions relative to each other is referred to as viscosity. The resistance to flow is referred
to as "viscosity." (Cakir,2012). The opposite of viscosity, which is a measure of flow

efficiency, is defined as fluidity.
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F= uAg (2.7)
Where F = force
u = viscosity of fluid
A =area

uly = deformation rate of shear

2.95 Specific Heat

The amount of heat required to increase the temperature of one gramme of a
material by one Celsius degree is defined as specific heat (Cakir,2012). Specific heat is
commonly expressed in calories or joules per gramme per degree Celsius. The amount of
heat necessary to raise the temperature of a body by one degree in comparison to the
amount required to raise the temperature of an identical quantity of water by one degree is
referred to as specific heat.

Q =mcAT (2.8)
Where Q = energy heat
m = mass
¢ = capacity of specific heat

AT = temperature different
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2.96 Coefficient of Heat Transfer, k

The coefficient of heat transfer is the amount of heat transmitted per kelvin per unit
field (Mustafa Cakir, 2012). The coefficient of heat transfer (COPT) is a numerical
representation of heat transfer coefficient in between fluid medium and the surface through
which the fluid travels.

h=-=L (2.9)
Where h = coefficient of heat transfer
g = flux of heat

AT = temperature different
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CHAPTER 3

METHODOLOGY

3.1 Introduction

The overall study process, procedure, or method employed in this project to fulfil
the objectives is referred to as methodology. The methods followed throughout the project
is discussed in this chapter. A flow chart is a diagram that depicts or explains a process.

The project's overview, flow, and software development are discussed in this chapter.

3.2  General Methodology

In order to meet the project's goal, the following procedures are required:
a) Literature review
Reports, journal, article and books regarding the computational fluid dynamics will be
reviewed. All the research has been reviewed in chapter 2 as knowledge and background of
the aerodynamicsand spoiler car.
b) Drawing
Drawing of Perodua Axia body and spoiler will be draw in this project. There is two
drawing of spoiler that been propose in this chapter.
c) Design
Design of Perodua Axia with several types of spoiler in Catia software. Two spoilers will
be design in Catia software. Design will be analyzing in Ansys software to obtain results.
d) Creatingreports
In light of the recently finished project, the report will be written as including the results

and the discussion.
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3.2.1 Proposed Methodology

In the flow chart below, a summary of the project methodology is shown.

Collecting idea and
information about the
project

CATIA AutoCAD design of
Perocdua Axia

Analysis and
discussion

Figure 3.1: Project methodology flowchart
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3.3  Data Research and Analysis

A research and analysis tool are a tool that is used to gather, assess, and analyze
data from study participants. It is necessary to choose an instrument based on the type of
study that are conducting. Data analysis is the systematic application of statistical or

logical tools to characterize, display, summarize, and interpret data.

3.3.1 Instrument of Research

The internet was used to find out more about spoilers, and web research time
should be used to maximize efficiency while designing classes and activities. The steps of
gathering as much information as possible include questioning, summarizing, and
evaluating. Before going on the Internet, we should organize our questions to create a
search strategy and a list of sites to investigate. The information is gathered by compiling a
list of numerous questionnaires from which to select the most appropriate. Meeting with
the project supervisor to discussthe project in further depth may be considered for a proper

data collection.

3.3.2 Design Research

This study uses an analysis approach to assess structural parameters such as internal
geometry, behavior, and process. Spoiler design in terms of optimizing shape or havinga
substantial influence on spoiler lifespan necessitates the use of a basic dynamic model for
analysis. Future study will concentrate on selecting the most appropriate bearing

optimization parameter based on the bearing's design.

46



3.4  Designof Perodua Axia

3.3.1 DesignA

Figure 3.2 shows the design of Perodua Axia body. This body are designed with the

spoiler at rear back of car.
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Figure 3.2: Perodua Axia drawing with spoiler

3.3.2 DesignB

Figure 3.3 shows the design of Perodua Axia body withou the spoiler at the rear

back.
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Figure 3.3: Perodua Axia drawing without spoiler
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3.3.3 Dimension

Figure 3.12 show the drawing and mesurement for catia purpose. The unitare in
milimeters(mm).

1570MM

3685MM 1455MM

Figure 3.4: The measurement of Perodua Axia body that used in CATIA

3.3.4 Spoilers

Before designing a spoiler with the proper parameters, it must first refer to a
genuine spoiler. The spoiler was created to show exactly which parameters need to be
altered in order to decrease friction. But first, the spoiler must be measured in order to
create the drawing. It may be redesigned in catia software by referring to both designs. All
of the measurements were obtained and the brake pad was measured using a standard
procedure. Itis much easier to understand, diagnose, and propose solutions when a range

of characteristics intended expressly for these reasonsare employed.
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Figure 3.6: Spoiler B

CATIA

CATIA (Computer Aided Three-Dimensional Interactive Application) is an

abbreviation for Computer Aided Three-Dimensional Interactive Application (Amit,2016).

It is more than a CAD (Computer Aided Design) application. It is a comprehensive

software suite that combines CAD, CAE (Computer-Aided Engineering), and CAM

(Computer-Aided Manufacturing) (Computer-Aided Manufacture). Computer-aided design

is used by engineers to create, update, and/or analyse graphical representations of product

designs. It has applications in a wide variety of areas due to its various popular

characteristics. CAD software innovation is continuing to improve design quality by

enhancing accuracy and reducing design errors. CAD software may assist enhance
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communication by providing engineers and manufacturers with a single source of truth due
to the concentration of design data and documentation.

Engineers are the most likely to use computer-aided engineering to model and
assess product designs. These sorts of research (MBD) include Finite Element Analysis
(FEA), Computational Fluid Dynamics (CFD), and Multibody Dynamics (Amit,2016).
These strategies, such as prototyping, help to prepare a product design for real-world
issues. The findings of this testing may be used by engineers to make better product design
decisions and upgrades, resulting in enhanced product performance and customer
experiences. Manufacturers, not Design Engineers, are the most common users of
computer-aided manufacturing for planning, organizing, controlling, and automating
industrial processes. CAM software infers machining instructions from CAD designs,

increasing the efficiency and usage of part production resources.

3.6 Ansys Software

Ansys Mechanical finite element analysis software is used to simulate computer
models of structures, electronics, or machine components in order to evaluate their
strength, toughness, elasticity, temperature distribution, electromagnetism, fluid flow, and
other properties (Leslie,2016). Ansys develops and sells engineering simulation software
for use across the product life cycle. Static/dynamic, structural analysis, heat transport, and
fluid difficulties, as well as acoustic and electromagnetic problems, are examples of these

challenges.
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3.7  Simulation of Car Body

Figure 3.7 below shows the design was created in CATIA software by referring the
dimensions. After the creation of this geometry, it was imported to Ansys workbench
design modeler in figure 3.8. In this design modeler, scaling has to be given to the profile

in order to simulate analysis using CFD software.

Figure 3.7: Geometry of Perodua Axia Car

3.7.1 Geometry and domain of car
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Figure 3.8: Domain of the Geometry
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3.7.2 Meshing

0 Se+003 12+004 (mm)
2,5¢+003 7.5¢+003

Figure 3.9: Meshing of Car Profile

3.7.2.1 Boundary Conditions

Name Air
Type Fluid
Density, p 1.255 Kg/m-s
Viscosity, u 1.7894*e-5 Kg/m-s

Table 3.1: Material Properties

Inlet Condition (Velocity) 80km/hr.
Outlet Condition (Pressure) 0 Pa
Wall Condition Stationary and no slip

Table 3.2: Boundary Conditions
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Gradient Least Squares Cell Based
Scheme SIMPLE
Momentum Second order up wind
Pressure Standard
Table 3.3: Solution Methods

3.7.3 Solver Setting
The solver parameters to be specified in the solver are shown in Figure 3.10. The

maximum number of iterations allowed in convergence control is 50. RMS denotes the

residual type.
(%)

Outline Solver Control
Details of Solver Controlin Flow Analysis 1

Basic Settings Equation Cléss Setbings [ Advanced Options

Advection Scheme
Option High Resolution

Turbulence Numerics =
Option First Order -~

Convergence Controil
Min,. Iterations 1
100
=

Max. Iterations
Fluid Timescale Control

Timescale Control Auto Timescale
Length Scale Option Conservative -
1.0

Timescale Factor
[ ] Maximum Timescale

Convergence Criteria
Residual Type RMS
Residual Target 1.E-4
[] Conservation Target
[ ] Elapsed wall Clock Time Control

[] Interrupt Control

BEE

Close

OK Apply
Figure 3.10: Solver Settings
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3.74 Residual Monitors

The residual monitors to be supplied before the solution run are shown in Figure
3.11. Atthe end of each solver iteration, the residual sum for each of the conserved
variables is computed and stored, so recording the convergence history. This information is

also included in the data file.

Options Equations
7 Print to Console Residual Monitor Check Convergence Mutﬁ Criteria
V| Plot ‘ continuity [ [v] le-06
Ni y -
Ta‘lndou\ ’W 7 [ 1e-06
1 - 4| b

w| | Curves... || Axes...

y-velodity [v] [v] 1e-06
Iterations to Plot — _
1000 : [ z-velodity = [v] 1e-06

Residual Values Convergence Criterion
Iterations to Store Normalize absolute v
1000 : PG
v|Scale

| Compute Local Scale

OK Plot Renormalize Cance Help

Figure 3.11: Residual Monitors

3.8 Summary of this chapter

This chapter goes through the project in further depth. This chapter will assist you
in visualising the original concept before deciding on and specifying more specific
drawings and sketches. The proposed method for analyzing the design of the Perodua Axia
body with several type of spoiler is presented in this chapter. The flow chart and the
general process are shown in this chapter as a guided. CATIA software are used to create
the design sush as the drawing. The final design in CATIA will be transfer to the Ansys for
analyzing and simulation. In addition, the goal of this chapter is to choose the best design

to match the project's goals.
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CHAPTER 4

RESULTS AND DISCUSSION

4.1 Introduction

Experimental work is a well-established standard process that have been used to
design the Perodua Axia body. This chapter will describe the result for conducting the
experimental and simulation. The data from the simulation will be analyze through this
chapter. Analysis comparison of the Perodua Axia body several types of spoiler will be
show in this chapter. The outcomesand data analysis of the project outcome will be
discussed in this chapter. In order to analyze any data, the simulation approach will be
used. Ansys software is utilized for the major characteristics of analysis in order to achieve
better results. Because it performs structural assessments on fully featured CAD assemblies
in minutes, Ansys is a game-changing simulation solution for designers, engineers, and
analysts. It eliminates the two most time-consuming, labor-intensive, and error-prone

activities in a standard structural simulation: geometry preparation and meshing.
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4.2

4.2

Results

1 Velocity Streamlines

In Figure 4.1, it shows the velocity streamline around car body with spoiler A from

Ansys software simulation. An 80km/hr. of velocity inlet has been applied. So, this figure

4.1

shows the results of velocity streamlines on the Perodua Axia with spoiler A. It also

shows the pattern of aerodynamics external flow happen onthe body. On the result, the

velocity of streamlines hasreach 4.421e+001 which is higher than Perodua Axia with

spoiler B.

Velocity
streamlines

l 4.421e+001

3.316e+001

2.210e+001
i

1.105e+001

0.000e+000
[m s*-1)

.
-

1000 2000 (my

Figure 4.1: Velocity streamlines around car body with spoiler A

In Figure 4.2, the velocity of streamlines is lower than Perodua Axia with spoiler

A which is 4.364+001. The flow pattern of aerodynamics also different on the rear car for

both bodies. It shows the recirculation zone that happen on the car. In figure 4.3 the

recirculation zone below the spoiler was almost gone. It was a big differentas compare in

figure 4.1. So, it does show the effect of different type of spoiler will occur different

aerodynamics performance.
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Figure 4.2: Velocity streamlines around car body with spoiler B

4.2.2 Static Pressure

A static pressure comparison is presented in Figure 4.3 and Figure 4.4. It
demonstrates how the type of spoiler affects the pressure distribution onthe top and front
sides of the automobile body, but mostly on the rear side where the spoiler is located. The
pressure on Perodua Axia with Spoiler A is lesser compare to Perodua Axia with Spoiler
B. The static pressure on Perodua Axia with Spoiler A has reached 4.715e+002 Pa.

A static pressure on Perodua Axia with Spoiler B is 4.736e+002. Even the
Perodua Axia with Spoiler B shows the higher pressure, the different of the pressure are

not to much different for both bodies
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Figure 4.3: Static Pressure on Perodua Axia with Spoiler A
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Figure 4.4: Static Pressure on Perodua Axia with Spoiler B

4.2.3 Velocity Contour

Contours of velocity for both Perodua Axia with spoiler A and B are shown in
Figure 4.5 and Figure 4.6. There were recirculation zones discovered behind the spoiler's
rear end. At the back end of both bodies, there were huge and double air swirls. From the
both figures, velocity contour on Spoiler B are much faster that Spoiler A. So, the
recirculation zone on the rear car does affect the velocity of the car. The velocity contour
by Perodua Axia with spoiler has reached 4.491e+001 compare to Perodua Axia with

spoiler B which is 4.432e+001.
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Figure 4.5: Velocity Contour on Perodua Axia with Spoiler A
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4.3 Discussion

4.3.1 Drag Coefficient

Model Car Drag Coefficient
Without Spoiler 0.936

Spoiler A 0.854

Spoiler B 0.853

Table 4.1: Drag Coefficient of car body

Model Car Drag Force
Without Spoiler 2.82E+02
Spoiler A 2.58E+02
Spoiler B 2.57E+02

Table 4.2: Drag Force on Car Body

Reducing the drag coefficient of an automobile improves the vehicle's
performance in terms of speed and fuel efficiency. A low drag coefficient is connected
with high peak speeds and low fuel consumption, but a higher drag coefficient s linked
with cars pursuing rapid turning speeds affected by downforce. It explains how the
coefficient of drag of an automobile may be computed by evaluating the drag force acting
on the vehicle at a certain speed. As a result, the Perodua Axia with Spoiler B has a lower

drag coefficient than the Perodua Axia with Spoiler A.
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Figure 4.7: Drag Coefficient of Car Body
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Figure 4.8: Drag Force on Car Body

61

Spoiler B



4.3.2 Lift Coefficient

Model Car Lift Coefficient
Without Spoiler 8.60E-02

Spoiler A 2.97E-02

Spoiler B 1.69E-02

Table 4.3: Lift Coefficient of Car Body

Model Car Lift Force
Without Spoiler 2.60E+01
Spoiler A 8.90E+00
Spoiler B 2.20E+00

Table 4.4: Lift Force on Car Body
The value of lift coefficient is very important because it determines the minimum
speed atwhich car can fly. As the automobile speeds, the air surrounding it moves quicker,
producing the vertical force that lifts it of f the ground. As the elevating force grows, it
reaches a point where the force of gravity is neutralized and the car's tip is raised up.. So,
Perodua Axia with Spoiler B does have better lift coefficient which is 1.69E-02 compare to

the Perodua Axia without spoiler and Perodua Axia with spoiler A.
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Figure 4.9: Lift Coefficient of Car Body
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Figure 4.10: Lift Force on Car Body
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4.4  Chapter Summary

This chapter describes the methodology's findings as well as the conclusions
reached as a result of them. Different graphical ways are chosen that visually display the
fluid flow structure across the body of the Perodua Axia in order to obtain an airflow field
visualization. These techniques include pressure contours, velocity streamlines, and
velocity vectors. Aside from qualitative inspection of the fluid flow pattern, statistical
method of the simulation results is also performed through monitoring the liftand drag

forces operating on the body of the Perodua Axia.
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CHAPTER 5

CONCLUSION AND RECOMMENDATION

The project's results and recommendations for additional research were summarized
in this chapter. Overall, there has been a lot of study on the computational fluid dynamics
of spoilers. An outline of the research as well as a summary of the findings are included in
the conclusion section. The section on recommendations contains suggestions for further

investigation and improvement of this project.

5.1 Conclusion

The initial purpose of this study is to use computational fluid dynamics to
investigate aerodynamic performance. Essentially, this aim was achieved by using Catia
software to create and develop a model of Perodua Axia. The Perodua Axia was designed
with two different types of spoilers. Different types of spoilers, according to the findings,
have an influence on the car's aerodynamics.

Finally, the finite element study in the Ansys programmed was done successfully to
test and compare both typesof spoilers. The study of both spoiler such as pressure
contours, velocity streamline, and velocity vector in the previous chapter reveals that the
overall comparison of the samples demonstrates that the analysis of both spoiler such as
pressure contours, velocity streamline, and velocity vector. The spoiler B, according to the

analysis, has the chance of becoming the best aerodynamic performance.
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5.2 Recommendations

With all of the data, this project may constantly expand; here are some suggestionsfor the
future of this project:
e Fabricating light-weight 3D-printed car with spoiler using Selective Laser Sintering
(SLS)
e Conductingthe real physical test toward the car spoiler instead of doing software
analysis.

e Considering using different segment of car for comparison analysis.
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