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ABSTRACT

The performance and handling of automobile areifstgmtly affected by its
aerodynamic properties. One of the main causesrofdgnamic is about drag force and
lifting force. This will influence all the aspectf dhe vehicles such as overall
performance, fuel consumption, safety and stabiitywever, the unavoidable need for
wheels caused and even recently causes significablems for aerodynamicists to deal
with the flow. The addition of wheelhouses and tintawheels to an aerodynamically
optimized car body, leads to decrease in drag dinddefficients by 30% and 40%,
respectively. In an aerodynamic field, the main am@nt thing to get the stability,
performance and good fuel consumption is to desigwehicle with lowCp. The
reduction of lift and flow separation is the kegults that will be a point of discussion.
Rear wheel cover will reduce the flow separatiothat wheel houses that causing the
turbulent airflow. The wake region also will be vedd and this will make the drag
force that produce at the wheel houses will redud®d the lower drag force will
contribute to the lower fuel consumption. The tasls done by doing a Computational
Fluid Dynamic (CFD) analysis for expected vehigleed of 40-140 km/h. A drag force
was found based on inputs from CFD analysis. Tdrisef was calculated to produce the
drag coefficient of the model as a whole. The apphoneeded to justify the amount of
drag that can be reduced by addition of a rear ivt@eer as compared to the model
without the rear wheel cover. This project is to @ overall comparison of the velocity
and pressure distribution before and after the velaeel cover is added. The drag
coefficient of the vehicle was decreases from R3&80.3773 when adding the rear

wheel cover.
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ABSTRAK

Ciri-ciri aerodinamik adalah sangat mempengarulsinagrestasi dan kawalan
sesebuah kenderaan. Salah satu kesan penyebabeakdimamik adalah geseran atau
daya seretan dan daya tujahan. Ini akan memperigegsémua prestasi, penggunaan
minyak, keselamatan, dan kestabilan sesebuah keamderWalaubagaimanapun,
penggunaan roda tidak dapat dilelakkan dan inihteteenyebabkan masalah untuk
aerodynamisis untuk menangani dengan aliran u#iasil tambahan penutup tayar dan
putaran roda kepada badan kereta yang dioptimumkanara aerodinamik
menyebabkan pekali seret menurun sebanyak 30% elaali glaya angkasebanyak
40%. Di dalam aspek aerodinamik, kestabilan, psestan penggunaan minyak amat
penting untuk menghasilkan kenderaan yang rerdahPengurangan tujahan dan
peyebaran udara adalah kunci utama di dalam penbgamPenutup tayar belakang juga
akan menghasilkan peyebaran pengaliran udara yamagd di belakang kerana ini akan
menghasilkan pegaliran udara yang bergelora. Kawa$ak di belakang juga akan
berkurangan dan ini akan menjadikan daya gesernaq tgahasil di bahagian belakang
tayar kenderaan berkurangan. Dengan nilai dayaraesgang rendah, ia akan
membantu dalam penggunaan minyak yang rendah. dongas dimulakan dengan
menggunakan kelajuan yang telah ditetapkan padkndp hingga 140 km/j dengan
menggunakan analisis Computational Fluid Dynamid-OC Daya geseran akan
didapati apabila menggunakan perisian maklumapdda CFD analisis. Nilai daya ini
akan digunakan untuk mengira pekali geseran kagear model kereta tersebut. Nilai
pengurangan geseran yang terhasil daripada pemayap belakang diperlukan untuk
menbenarkan pembezaan di antara model tanpa petay@pdi belakang. Projek ini
akan mendapatkan perbezaan berdasarkan pegalighm @an tekanan sebelum dan
selepas penutup tayar belakang dipasangkan. Pekali bagi kenderaan menurun dari
0.3882 ke 0.3773 apabila penutup tayar belalangsdipgkan.
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CHAPTER 1

INTRODUCTION

11  Background

A car driven in a road is affected by aerodynanoicés created. In all these
categories, the aerodynamics of such cars is af itportance. They affect the cars
stability and handling. They influence both perfamme and safety. Aerodynamics is
the branch of dynamics that deals with the motibaioand other gaseous fluids and
with the forces acting on bodies in motion relativesuch fluids. For some classes of
racing vehicles, it may also be important to pradesirable downwards aerodynamic
forces to improve traction and thus cornering &bgi Most everyday things are either
caused by aerodynamic effects or in general obey d@krodynamic laws. For
aerodynamic bodies is simplifies procedure may therdevised for the evaluation of

the aerodynamic loads.

1.2 Problem Statement

Most of moving vehicle produces drag because ofttineulent air of airflow
separation. These will produce the drag force &edréduction of drag is essential for
improving performance and fuel consumption. Inltet century, particularly in its last
30 years the possible lowest drag have been apgmdadén every vehicle movement,
the air flow will go through to the wheel housedlud vehicle. This air flow will make
the drag and friction. To avoid the air flow thrduthe wheel houses, rear wheel cover
is suggested. This device is hoped to reduce thg thrce and the drag coefficient
when the vehicle moving in high velocity. By thiset objectives of the project will
achieved.



1.3  Objectives

The objectives of the project are as follows:

i. To analyze the effect of rear wheel cover on aactehin term of drag

coefficient.
ii. To reduce the drag coefficient of the car by madidythe wheel cover

area.
14  Scopesof Study
The scopes of the project are as follows:
i.  Study on aerodynamics drag reduction by rear wtaegdr.
ii.  Redevelop the existing model of rear wheel covéin 8blid Works.

iii.  Simulate the model by using Computational Fluid &wyic (CFD).
iv. ~ To compare the drag for both with and without nebeel cover.



CHAPTER 2

LITERATURE REVIEW

21  Automotive Aerodynamics

Aerodynamics at cars became more and more impowéhtthe increase of
their velocity. In the beginning of the 20th cegtuthe shape of vehicles was adopted
from the field of aviation and ships. Cars had arodynamic shape but their velocity
was very low, mainly due to the quality of the reddl4]. Aerodynamics is the branch
of dynamics that deals with the motion of air arideo gaseous fluids and with the
forces acting on bodies in motion relative to stlaids. Automotive aerodynamics is
the study of the aerodynamics of road vehicles. W@n concerns of automotive
aerodynamics are reducing drag, reducing wind naiseimizing noise emission and
preventing undesired lift forces at high speeds. démne classes of racing vehicles, it
may also be important to produce desirable downsvastodynamic forces to improve
traction and thus cornering abilities [1]. An agnedmic automobile will integrate the
wheel and lights in its shape to have a small setftt will be streamlined, for example
it does not have sharp edges crossing the windmti@bove the windshield and will
feature a sort of tail called a fastback or Kamnkbaiclift back. It will have a flat and
smooth floor to support the venturi or diffusereetf and produce desirable downwards
aerodynamic forces. The air that rams into the remdvay, is used for cooling,
combustion, and for passengers, then reaccelebgt@dnozzle and then ejected under
the floor. Most everyday things are either causg@drodynamic effects or in general
obey the aerodynamic laws. For aerodynamic bodiesmplifies procedure may then

be devised for the evaluation of the aerodynanadso
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Figure 2.1: Aerodynamic of bluff bodies [1]

A car driven in a road is affected by aerodynamiccés created. The
aerodynamics of such cars is of vital importanckeyr affect the cars stability and

handling. They influence both performance and gafet

2.2 Aerodynamic Force

2.2.1 Forces

A body in motion is affected by aerodynamic forc€he aerodynamic force
acts externally on the body of a vehicle. The agmadhic force is the net result of all
the changing distributed pressures which airstreaxest on the car surface [3].
Aerodynamic forces interact with the vehicle cagsirag, lift, down, lateral forces,
moment in roll, pitch and yaw, and noise. Theseaotguel economy, and handling.
The aerodynamic forces produced on a vehicle &mise two sources that are form (or
pressure) drag and viscous friction. Forces and embrare normally defined as they act
on the vehicle. Thus a positive force in the londimal (x-axis) direction on the vehicle
is forward. The force corresponding to the loadhdime acts in the upward direction and
is therefore negative in magnitude (in the negativdirection). The forces also
corresponding to the shape on the vehicle pareindynamic shape. Figure 2.2 below

shown of the vehicle most significant forces [2].
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Figure 2.2: Arbitrary forces and origin of the forces actingtbe vehicle [2] [3]

Table 2.1: Forces acting on moving vehicle

Direction Force M oment
Longitudinal &-axis,+ve Drag Rolling moment
rearward
Lateral -axis,+ve to the right) Side force Pitching moment
Vertical (z-axis,+ve upward) Lift Yawing moment

The focus in cars is on the aerodynamic forcesavfrdforce and drag. The
relationship between drag and down force is espgcimportant. Aerodynamic
improvements in wings are directed at generatingiddorce on the car with a

minimum of drag. Down force is necessary for mamite speed through the corners

3],

2.2.2 Aerodynamic Lift

The other component, directed vertically, is callb@ aerodynamic lift. It
reduces the frictional forces between the tires thiedroad thus changing dramatically
the handling characteristics of the vehicle. Iniaoid to geometry, lift FL is a function
of densityp and velocity V. Lift is the net force (due to psase and viscous forces)

perpendicular to flow direction. The aerodynamiagicoefficient equation is [2.1].



F
Cemq (2.1)
E,0V2A

LF= lift force [N]
p = density of the air [kg/m3]
A = area of the body [m2]
V = velocity of the body [m/s]

Aerodynamic lift and its proper front-and-rear-aslistribution is one of the key
aspects in terms of on-road stability [4]. As lagydriving speed is low, below say 100
km/h, lift and pitching moment have only a smafket on the directional stability of a
car, even in crosswind. However, at higher spebigsis no longer true, and so recent

developments are directed at controlling them.

Upthrust
Faster moving air {positive lift)
greater reduction ™.

Atmospheric Im pressure
pressure (+ve)

Low prossurs
wake (—ve)

Higher stagnant Slower moving ar  Direction Drag
air pressure slight reduction of motion resistance
in pressure

Figure 2.3: Aerodynamic Lift

2.3  Aerodynamic Pressure

The gross flow over the body of a vehicle is goeerrby the relationship
between velocity and pressure expressed in BertsoHlRjuation. Bernoulli's Equation

assumes incompressible flow which is reasonabladitsmotive aerodynamics [2].



Pstatic + Paynamic= Potal (2.2)
1 2 —

p = density of air [kg/m3]

V = velocity of air (relative to the car) [m/s]

In equation above, the sum of the forces bringdépressure affect acting on
the incremental area of the body of fluid. Theistplus the dynamic pressure of the air
will be constant (Pt) as it approaches the vehiétethe distance from the vehicle the
static pressure is simply the ambient, or baromepressure @m). The dynamic
pressure is produced by the relative velocity, Whis constant for all streamlines
approaching the vehicle. As the flow approachewétecle, the streamlines split, some
going above the vehicle and others below. By infeee one streamline must go straight
to the body and stagnate (impinging on the bumpeh® vehicle). At that point the
relative velocity has gone to the zero. This wika the static pressure observed at that
point on the vehicle. Figure 2.4 and Figure 2.®We$howing flow over a cylinder that

it affects is most same to the vehicle [2].

. Decreasing
Pa m |ncreasing  Pressure
Pressure Cp=-

Figure 2.4: Pressure and velocity gradients in the air flowrdlae body [2]



Figure 2.5: Vortex shedding in flow over a cylindrical body [2]

The static pressure will distribute along the badya car. The pressures are
indicated as being negative or positive with to dhgbient pressure some distance from
the vehicle. A negative pressure is developedeafrint edge of the hood as the flow
rising over the front of the vehicle attempts tontand follow horizontally along the
hood [2]. Near the base of the windshield and cdlé, flow must be turned upward,
thus the high pressure is experienced. Over thelirm the pressure goes negative as

the air flow tries to follow the roof contour.

24  Aerodynamic Drag

The component of the resultant aerodynamic forcehvbpposes the forward
motion is called the aerodynamic drag. The aerodyoarag affects the performance
of a car in both speed and fuel economy as iteéspibwer required to overcome the
opposing force. In order to explain the aerodynaainég), there have two forces that are

the frontal pressure and the rear vacuum [5].

Frontal pressure is caused by the air attemptingpto around the front of the
car. As millions of air molecules approach the frpart of the car, they begin to
compress, and in doing so raise the air pressureni of the car. Rear vacuum or wake
is caused by the “hole” left in the air as the passes through it. This empty area is a
result of the air molecules not being able totfik hole as quickly as the car can make it

[5]. The air molecules attempt to fill in to thisea, but the car is always one step ahead.



In every moving vehicle, the drag will produce wegy surface of the vehicle.
The drag is due in part to friction of the air & tsurface of the vehicle, and in part to
the way the friction alters the main flow down theck side of the vehicle. Drag is the
largest and most important aerodynamic force erteved by passenger cars at normal
highway speeds. The overall drag on a vehicle dsriirom contributions of many
sources. For the vehicle, the drag produced frambtbdy (for body, after body, under
body and skin friction). The major contributor tsetafter body because of the drag
produced by the separation zone at the rear.rtasea that the maximum potential for
drag reduction is possible [2].

2.5  Drag Coefficient

The aerodynamic drag coefficient is a measure ef éffectiveness of a
streamline aerodynamic body shape in reducing ithesistance to the forward motion
of a vehicle. A low drag coefficient implies thduet streamline shape of the vehicle’s
body is such as to enable it to move easily thrahghsurrounding viscous air with the
minimum of resistance, conversely a high drag coefit is caused by poor
streamlining of the body profile so that there isigh air resistance when the vehicle is
in motion. Typical drag coefficient for various stes of vehicle can be seen in Table
2.2 [15].

Table 2.2: Typical drag coefficient for various classes of ieh[15]

Vehicle type drag coefficiertio
Saloon car 0.22-0.40
Sports car 0.28-0.40
Light van 0.35-0.50
Buses and coaches 0.40-0.80
Articulated trucks 0.55-0.80
Ridged truck and draw bar trailer 0.70-0.90
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The aerodynamic drag is the focus of public interesehicle aerodynamics. It
is and even more so it's non-dimensional numbeEgfthe drag coefficient has almost
become a synonym for the entire discipline. Pertorce, fuel economy, emissions, and
top speed are important attributes of a vehicleabse they represent decisive sales
arguments, and they all are influenced by draggmefficient Cp) is a commonly
published rating of a car's aerodynamic smoothnedated to the shape of the car.
Multiplying Cp by the car’s frontal area gives an index of tdiag. The result is called
drag area, and is listed below for several cars.Width and height of curvy cars lead to
gross overestimation of frontal area. The aerodyoatnag coefficient equation is
(2.3)[2]:

Fo

CotT1
- A
S

(2.3)

F, = drag force [N]

p = density of the air [kg/m3]
A = area of the body [m2]

V = velocity of the body [m/s]

The drag coefficient varies over a board range witferent shapes. Figure 2.6
below shows the coefficients for a number of shajpesach case it is presumed that the
air approaching the body has no lateral comporiEiné simple aerofoil has a drag
coefficient of 0.007. This coefficient means tha trag force is 0.007 times as large as

the dynamic pressure acting over the area of te pl

I] Cp =155  Flal plate

—_—
e ———
PRSI Y
—i
—
—
—_ =
RS

—
—-
—r

Figure 2.6: Drag coefficients of various shapes [2]
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In contrast, with the much better aerodynamic desid cars, their drag
coefficient is not as sensitive to yaw angle beeahs flow will not separate so readily.
Normally, the drag coefficient increase by 5% t&4lith yaw angles in the range
typical of on-road driving for passenger cars. Tifeerent of yaw angle will influence

on the drag coefficients of several different typésehicles [2].

2.5.1 Drag coefficient and various body shapes Figure 2.6 (a-f)

Circular plate as in Figure 2.7(a). Air flow is ldean, and there is an immediate
end on pressure difference. Flow separation talee® @t the rim; this provides a large

vortex wake and a correspondingly high drag coiefficof 1.15.

Cube as in Figure 2.7(b). Air flow is head on butcaundary layer around the
sides delays the flow separation, nevertheles® tisestill a large vortex wake and a

high drag coefficient of 1.05.

Sixty degree cone as in Figure 2.7(c). With thecipig cone shape air flows
towards the cone apex and then spreads outwarddigbdo the shape of the cone
surface. Flow separation however still takes pkcthe periphery thereby producing a
wide vortex wake. This profile halves the drag &icednt to about 0.5 compared with

the circular plate and the cube block.

Sphere as in Figure 2.7(d). Air flow towards thbese, it is then diverted so that
it flows outwards from the centre around the diveggsurface and over a small portion
of the converging rear half before flow separatomturs. There is therefore a slight
reduction in the vortex wake and similarly a maagidecrease in the drag coefficient to

0.47 compared with the 60° cone.

Hemisphere as in Figure 2.7(e). Air flow towardsl autwards from the centre
of the hemisphere gradually aligns with the mairection of flow after which flow
separation takes place on the periphery. For sartkeawn reason (possibly due to the

very gradual alignment of surface curvature with direction of air movement near the
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Rim) the hemisphere provides a lower drag coefiiciban the cone and the sphere

shapes this, being of the order of 0.42.

Tear drop (Figure 2.7(f)). If the proportion of ¢gh to diameter is well chosen,
for example 0.25, the streamline shape can mairdgaboundary layer before flow
separation occurs almost to the end of its tailsTthe resistance to body movement
will be mainly due to viscous air flow and little do with vortex wake suction with

these contours the drag coefficient can be as @b [15].

{a) Circular disc {Co= 1.15) {b} Cube {Co= 1.05) (¢) B0° cone {Co= 0.5)
f /—"
(d) Sphere (Co= 0.47) (e} Hemisphere (Co= 0.42) (1) Tear drop (Co= 0.05)

Figure 2.7(a-f): Drag coefficients for various shaped soil [15]

2.6 Air Flow around the Vehicle

Under calm conditions and no traffic, vehicles @&lathrough still air, hence the
relative air flow they experience has no turbulens@insteadily relative to the vehicle
and has the same magnitude as the vehicle spetidedb the road. If an atmospheric
wind or air flow is present, generally a yaw anglereated because the flow is not
aligned with the centerline of the vehicle and thbe air speed of a vehicle

experiences is not the same as the road speed [6].
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The flow processes to which a moving vehicle igesttied fall into two categories:

1) Flow of air around the vehicle.

2) Flow of air through the vehicle's body.

The two categories of these flow fields are closelgted. For example, the flow
of air through the engine compartment depends enfldw field around the vehicle.
Both flow fields must be considered together. Oa tither hand, the flow processes
within the engine and transmission are not directignected with these two categories
of flow. They are not called aerodynamics, and ace treated here [8]. Flow
separations may appear in different locations dnckes with more angular geometries,
and fairing dominated flows can exist on a vartyoad vehicles. The main aspect of
this flow field is the formation of two concentrdtgside edge vortices which dominate
the nearby flow field. Those two vortices inducéare velocity on the plate creating
strong suction forces which considerably increaselift of the flat-plate wing. Typical
pattern of flow-separation frequently found on th®x-type sedans. In this case a
separated bubble, with locally recirculation flaw,observed in the front, at the break
point between the bonnet and the windshield. Thgelangle created between the rear

windshield and trunk area results in a second |airfiow-recirculation area [9] [10].

2.6.1 External Flow

The flow around a vehicle is responsible for iteediional stability as well as
straight line stability, dynamic passive steeriagd response to crosswind depend on
the external flow field. Furthermore, the outemflshould be tuned to prevent duplets
of rain water from accumulating on windows and migsmirrors, to keep headlights
free of dirt, to reduce wind noise, to preventwirdshield wipers from lifting off, and
to cool the engine's oil pan, muffler, and bralets, The external flow around a vehicle
is shown in Figure 2.8 below. In still air, the istdrbed velocity, V is the road speed of
the car. Provided no flow separation takes plaaee,viscous effects in the fluid are

restricted to a thin layer of a few millimetersdkness, called the boundary layer.
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Beyond this layer the flow can be regarded as scigli and its pressure is imposed on
the boundary layer. Within the boundary layer te®gity decreases from the value of
the in viscid external flow at the outer edge af tioundary layer to zero at the wall,
where the fluid fulfills a no slip condition. Whehe flow separates, the boundary layer
is "dispersed" and the flow is entirely governedviscous effects. The character of the
viscous flow around a body depends only on the [sbdhpe and the Reynolds number.
For different Reynolds numbers entirely differdoiffs may occur for one and the same
body geometry. Thus the Reynolds number is the wloealess parameter which

characterizes a viscous flow [8] [9].

Stagnation
pqsition

Figure 2.8: Flow around a vehicle [15]

2.7 Rear Wheel Cover

2.7.1 Forcesacting on the vehicle

As the model used at the investigation was symuoairivere interested in lift
and drag only, the side forces were off the presepic. For mapping the origin of
forces and to carry out a systematic study, seyggainetry configurations were tested.
First, a baseline model was created that includéeelhouses and rotating wheels
according to Figure 2.9. Then the wheelhouse amavtieel were removed to determine
the drag and lift acting on the basic body. Thedfbf the presence of rotating wheel
was investigated by including or removing the wifeain the wheelhouse, and finally,

the wheelhouse openings were recursively coveréakipresence of rotating wheel.
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Forces acting on the individual surfaces (showrfFigure 2.9) are reported here in

summary.CD [-] and CL [-] are the drag and lift coefficients, respedyydp [N] and i

[N] are the drag and lift forces, respectivelio [m/s] is the free stream velocity and A

[m?] is the stream wise total area of the vehidkg]

Wheelhouse

Front face Y Underbody

Figure 2.9: The geometry of the simplified vehicle model ofestigation with

the Indications of the different surfaces [16]

The drag coefficient of the vehicle increases byo6%hen wheels and
wheelhouses are added to the basic body. Analfthimgomponents of the drag force
one can note that 17% of the increase is origigdtiom the forces acting on the vehicle
body due to the modification of the flow field, %land 35.6% acting on the
wheelhouse and the wheel, respectively. One migittlsat almost 57.4% of the total
increase in drag coefficient is the effect of tbhecés acting on the wheel, while 42.6%
of the increase is generated on the body and wbes#h However, the wheelhouse

contributes in drag only in a very small amount panng to the wheel.

Lift coefficient changes from 0.0343 to 0.1909 wheheels and wheelhouses
were added to the basic body, the lift coefficiehwhich was, however, very small.
The low pressure in the wheelhouse partially cantdet vertical component of forces
acting on the wheel and on the wheelhouse and ¢endixg parts of the fender
contributes to lift with exerting a down force dretvehicle. The wheel contributes with

0.0998 and the remaining part of the increasdtirsldue to the modification of the
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flow field and to the pressure increase on the thaty surface of the vehicle in front

of the wheels. The wheels block a part of the famming in the underbody gap, thus
more flow has to move towards the top of the vehigenerating lower pressure at that
region. Thus the pressure on the underbody incsease that on the top of the vehicle

decreases, leading to an increase in lift forc¢{165.

Table 2.3: Drag and lift coefficients on the surfaces of tlasib body (no wheels, no

Wheelhouses) and the baseline model (wheels andlinheses are included) [16]

Drag coefficient Lift coefficient

Basic body | +wheel+wheelhouse Basic body +wheel+wheelhouse
front face 0.107 0.147 0.198 0.211
base 0.1476 0.157 0 0
top 0.011 0.0096 0.375 0.4025
underbody 0.00814 0.0073 -0.5387 -0.4319
Partial resultant | 0.2737 0.3209 0.0343 0.1816
wheelhouse - 0.025 -0.0905
wheel - 0.0975 0.0998
Resultant - 0.4434 0.1909

2.7.2 Exposed wheel air flow pattern

When a wheel rotates some distance from the gr@indue to its viscosity
attaches itself to the tread and in turn inducesesof the surrounding air to be dragged
around with it. Thus this concentric movement ofestablishes in effect a week vortex
(Figure 2.10(a)). If the rotating wheel is in caritavith the ground it will roll forwards
which makes wind tunnel testing under these cammti difficult, this problem
overcome by using a supportive wheel and floor Tige wheel is slightly submerged in
a well opening equal to the tyre width and confaatich length for a normal loaded
wheel and a steady flow of air is blown towards ftioatal view of the wheel. With the
wheel rig simulation a rotating wheel in contacthwihe ground, the wheel vortex air

movement interacts and distorts the parallel magtraam.
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The air flow pattern for an exposed wheel can Bealized and described in the
following way. The air flow meeting the lower regiof the wheel will be stagnant but
the majority of the airstream will flow against tivaeel rotation following the contour
of the wheel until it reaches the top. Then it saf@s from the vortex rim and continues
to flow towards the rear but leaving underneath iarithe wake of the wheel a series of
turbulent vortices shown in Figure 2.10(b). Theuattpoint of separation will creep
forwards with increased rotational wheel speed. gkgssure distribution around the
wheel will show positive pressure build-up and stag air flow front region of the
wheel, but this changes rapidly to a high negagixessure where the main air flow
breaks away from the wheel rim as in Figure 2.10¢c)hen declines to some extent
beyond the highest point of the wheel, and theraresnapproximately constant around
the rear wake region of the wheel. Under these ritext conditions, the exposed
rotating wheel produces a resultant positive upvifirébrce which tends to reduce the

adhesion between the tyre tread and ground [15].

Separation

worlices
Concentric Weak
streamlines vortex

Velocity Low pressure High pressure
gradient region region

(a) Wheel rotation in still air away from the ground (b) Air flow pattern with wheel
rolling ¢me Ground
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Resultant
upward
lift (+we)

Negative
pressure (—we}

Direction
of motion

Positive
pressure (+ve)

(c) Air pressure distributiontivivheel rolling on the ground
Figure 2.10(a-c): exposed wheel air flow pattern and pressure digioh [15]
2.7.3 Partial enclosed wheel air flow pattern

The air flow passing beneath the front of the o#rally moves faster than the
main airstream, this therefore causes a reduatigdhe local air pressure. At the rear of
the rotating wheel due to viscous drag air willdseoped into the upper space formed
between the wheel tyre and the wheel mudguard ascim Figure 2.11(a-b). The air
entrapped in the wheel arch cavity circulates tolwadine upper front of the wheel due to
a slight pressure build-up and is then expelleduyh the front end wheel to the
mudguard gap which is at a lower pressure in batbvanward and sideward direction.
Decreasing the clearance between the undersid¢hanground and shielding more of
the wheel with mudguard tends to produce a lossahentum to the air so that both

aerodynamic IiftCD andCLcoefficients, and therefore forces, are considgradduced

as in Figure 2.12(a-b) [15].



(b) Plane view

Figure 2.11(a-b): Wheel arch air flow [15]
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Whesl drag cosfficient{Com)
Wheel it coefficient (Giw)

Figure 2.12(a-b): Affect of underside ground clearance on both fifd @rag
coefficients [15]

2.7.4 Sample of Wheel houses

Figure 2.13: Rear wheel cover for lorry [17]

20
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Figure 2.14: Rear wheel cover for Pickup Truck [17]

2.8  Dynamic Fluid Properties

2.8.1 Air Density PropertiesRelated To Vehicle

The air density is variable depending on tempeeatpressure, and humidity
conditions. The air density must be expressed a&s mansity, obtained by dividing by
the acceleration of gravity. Density at other ctinds can be estimated for the

prevailing pressurd? andtemperature, T conditions by the equation below [2]

The highest speeds achieved by land-vehicles dueogrd attempts are on the
order of the speed of sound which is for air, = 8868 = 1225 km/h = "65.6 mph. In the
flow field of a body exposed to such a free streaencompressibility of the air is very
important. On the other hand, most vehicles incigdiacing cars are operated at speeds
which are lower than one-third of the speed of solor this speed range the variations
of pressure and temperature in the flow field areals as compared to free-stream
values, and therefore the corresponding changeemsdity can be neglected. Thus the

fluid can be regarded as incompressible [2].
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2.8.2 Air Viscogty Properties Related To Vehicle

The air will have its own viscosity when the carnmving through the air
surrounding. Viscosity is caused by the molecuiiatibn between the fluid particles. It
relates momentum flux to velocity gradient, or agblstress to resulting strain rate.
According to Newton's law for the flow parallel # wall, the shear stress,is
proportional to the velocity gradient du/dy. Thenstant factor U is a property of the
fluid called dynamic viscosity. In general its valdepends on the temperature. Often
the quotieny = u/p is used, which is called kinematics viscosity ardch depends on
pressure and temperature [12]. For incompressibidst only temperature dependence
exists forv andp. The viscosity of a real fluid is the physicalgea for the occurrence
of a friction drag in the presence of a velocitadjent at a wall. It is same case in

surface contact of the vehicle as when the velsabeoving in any velocity.

d
\gl/a‘
|
\ }Df'}’)
N T(y)
Ve’ e i i P i T AV

Figure 2.15: Distributionof velocity and temperature in the vicinity of allva
[12]

29  Friction Drag

The pressure in the separation region is belowithpbsed on the front of the
vehicle, and the difference in these overall presdaorces is responsible for ‘from
drag’. The drag forces arising from the action istwus friction in the boundary layer

on the surface of the car is the “friction dragi the boundary layer, the velocity is
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reduced because of friction [2]. In a viscous flaidielocity gradient is present at the
wall. Due to molecular friction a shear stress avtrywhere on the surface of the body
as indicated in Figure 2.15 below .The integratioh the corresponding force
components in the free-stream direction leads @ db-called friction drag. In the
absence of flow separation, this is the main cbuation to the total drag of a body in

two-dimensional viscous flow.

Figure 2.16: Determination of the drag of a body (two-dimensidiwav)

210 Reynolds Number

Reynoldsi\lumber:'o—w. (2.4)

U

p = density of the fluid
¢ = characteristic of length
U= velocity of the body in the fluid

u = viscosity of the fluid

The general factors of drag, aerodynamic frictiare density and viscosity of
the fluid, air being considered a fluid. The defon of Reynolds Number is shown at
above [9]. The Reynolds Number for a body thaiigé in size and slow in velocity

could produce an equivalent Reynolds Number ofrg small object that travels with a
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high velocity. This seems like it isn't possiblgitmlly until we evaluate the definition
Reynolds Number and see that it is. At high Reysioldmbers, typical of full-sized car,
it is desirable to have a laminar boundary layéisTesults in a lower skin friction due
to the characteristic velocity profile of lamindow. At lower Reynolds numbers, such
as those seen with model car, it is relatively gasgnaintain laminar flow. This gives
low skin-friction, which is desirable. However, tsame velocity profile which gives
the laminar boundary layer its low skin frictiorsalcauses it to be badly affected by
adverse pressure gradients. As the pressure begnesover over the rear part of the
rear hood, a laminar boundary layer will tend tpasate from the surface. Such
separation causes a large increase in the predsage since it greatly increases the

effective size of the rear hood section [9].

2.11 Fuel Consumption

Force

| Aerodynamic Drag |

Rolling Friction
+ Losses

20 30 40 50 &0 o

Vehicle Speed, mph

Figure 2.17: Graphic depicting representative horsepower remergs versus

vehicle speed for a heavy vehicle trattaiter truck [13]

Aerodynamics devices will reduce the drag and aigib improve the fuel
economy of moving vehicle. Drive-train losses, inglfriction, and aerodynamic drag
are contributed for the primary resistance forded tnfluenced of energy usage. The
chart of figure 2.16 shows that as vehicle speethéseased the force required to

overcome both aerodynamic drag and rolling friciimcreases. However, the rate of
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increase in aerodynamic drag with increasing velspleed is much greater than that for
rolling friction such that at approximately 50 mgie force directed at overcoming
aerodynamic drag exceeds that required to overcotineg friction [13]. These data do
not take into account several operational and enwiental factors that can have a
dominating effect on the aerodynamic drag of mowiaficle. The chart also shows that
if the average speed approaches 30 mph then @adynimpossible to achieve a 10%
improvement in fuel economy through aerodynamiagydreduction. It shows that in

higher speed will achieve the 10% of improvemeritigl economy.

A number of additional factors such as interfererican other vehicles,
atmospheric effects, and road conditions are theofa that must be addressed when
developing technologies to improve the fuel econavhyehicles. These efforts of
adding the aerodynamics devices have produced tiedsdn the aerodynamic drag of
30%, for an operating speed of 60 mph, with cowedmg improvements in fuel
economy approaching 15%. An assessment of the yaeaodc drag indicates that the
reduction in aerodynamic drag at 60 mph would lbser to 20%, which corresponds to

a 10% improvement in fuel economy.

This improvement in fuel economy correlates to quivalent drag reduction of
approximately 30% with a corresponding drag cosdfit of 0.45. Note, the
aerodynamic drag reduction and associated fuehgavalso result in a measurable
reduction in exhaust emissions that is equivalerihé percent reduction in fuel usage.
The application of the subject aerodynamic dragicédn technologies to trucks and
similar high drag vehicles offers additional synstig benefits such as the ability to use

of alternate lower-energy fuels and the use ofradtie power sources.

2.12 Result Validation in literature

Flow past a simplified vehicle model with wheelhewnd stationary wheel and
ground was investigated by the first author [17&iwind tunnel with flow visualization
by using the oil-film method. Flow past the sameaagement (geometry, Reynolds

number, boundary conditions) was also calculatéeé. rEsults of flow visualization and
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simulation are compared in Fig. 4.5. The qualimtgreement of the observed oil-film
pattern and wall shear stress lines (streak lirsegliite good, reinforcing the reliability
of the CFD simulation used.

Figure 2.18: Flow at a stationary wheel and ground: (a) offfitisualization in

wind tunnel; (b) numerical simulation (wall streales) [17]

Table 2.4: Experimental and CFD values for drag and lift éio&fnt of the wheel of

Fabijanic’s vehicle model with rear wheel cover][17

C|_ CD
Experiment 0.250 0.360
CFD (authors’) 0.254 0.366

DifferenceAC 0.004 0.006
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Figure 2.19: Comparison of numerical parameter studies wittearpental

ones [17]

It is confirm that application of rear wheel coweitl cause the airflow on the
model at different speed compared to model withheat wheel cover. The simulation
result and analysis result by previous researcheear wheel cover in term of drag

coefficient value is almost have the same pattern.



CHAPTER 3

METHODOLOGY

3.1 I ntroduction

The objective of the project can be achieved bimgethe methodology in well.
This will make the project is cable of completetone. This chapter will explain the
detailed about the methodology progress duringlMear Project 1 and 2. This chapter
will list all the method that included and relevamtcomplete the project. The title was
given by the supervisor in the beginning of thisnester with the title “Design and
Analysis Rear Diffuser for HEV Model”. The detailedlated literature review was

informed acquired the important things in the Chagt

The project will analyze the affect of rear diffusen the car based on the
pressure, velocity and drag. Computational Fluich@wic (CFD). Cosmos flow will be
used to analyze the drag coefficient reduction dgr wheel cover. This software will
make the objective to be achieved successfullysdlee all the problem, first thing to
do is to determine all the flow works with the diza of time, the Gantt chart is a
recommended method to use. So that all the flonkwath the description of works

were carried out to meet the date line.
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Figure 3.1: Methodology flow chart for PSM 1
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Figure 3.2: Methodology flow chart for PSM 2
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3.2  Problem Solving

By referring to this project, the main problem s$ody is by using the
Computational Fluid Dynamics to analyze the flowoedy and pressure distribution
around the car body, to complete that there must peoblem solving method or flow
to complete that. So, the works are regarding i® $blving problem must be more
organize. With referring to the methodology flowact) the detail for each activity can

be referring to next sub topics.

3.2.1 Literature Study

This project is start with literature review andsearch from the internet,
company websites, market survey, books and jowbalit the title. This stage is very
important to make a literature study about thedabihe aerodynamics such as a flow
characteristic around the vehicles , drag coefiigikft , pressure distribution and others
fluid dynamics requirement. In this part, the deddiout the design of the rear diffuser
and all the effect about the external flow of thE\Hmodel will be explained. The
literature study was continued from the beginnifidhts project so that all the latest
information will be updated from the time to timihis part also can give the individual

to understand what the important things neededégimceed to the next stage.

3.2.2 ldentify Project Objectives

Objective is the most important part in this proj&y the determination of the
objective, the project will clearly see what wile ldoing from the beginning. The
problem that will occur at the rear end of the caust be analyzed. This is very
important so that the target objective from thetstg can be achieved. The scopes of
this project can be done after determine the obgciThis will help the project to

progress smoothly and can be success.
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3.2.3 Measurement the Rear Wheel Cover

Before the analysis of this project, the rear wiveeer model is requiring to get
the dimension. From the literature study, the veagel cover is installing at the right
and left side of the model. The dimension of thex kgheel cover are limited because
the area of the rear tyre opening. Figure 3.3(@et)w are the dimension of the rear
diffuser in different view.

(a) Front view (b) Right View

(b) Bottom View

Figure 3.3: Basic view of the rear Wheel Cover from differeiaiesof view
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Rear Wheel
s > < Cover
__—
o

Figure 3.4: Rear wheel cover on the HEV model

3.24 Dimension of the HEV M odel

The car model that will be use on this project &sibally a Proton Iswara
Aeroback. The car model are get from the superyiglbrthe dimension are already
taken by the previous student that doing the aerahyc devise on this car model. The
dimensions are taken from the Proton Manuals Bowkfeom that dimension; the car

was transferred into a 3-D modeling by using thidS&orks software.

3.25 3-D Car Modeling

HEV model was modeling and transferred into a 3-Ddeling using the
Computational Aided Design (CAD). The model is mlodg by referring the true
dimension from the Proton Manuals Book. The modekar wheel cover is added to
this 3-D model at the rear wheel houses to completeCFD simulation. The model
dimension and actual vehicle dimension is not quigtch. This is because some
detailing such as a fender, underbody, front aad bemper of the vehicle were made
by using the assumption that will only fits the rebdThis is the important things to
carry out for the simulation result. All the pdnat has been mention at above, the part
is modeled together with the body because the girggefocusing on the external flow
only. The dimension is not accurate from the reaasurement from the Proton Manual
Book.
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Figure 3.5: (a) Manual drawing from the data sheet, (b) 3-Disie@mal drawing
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Figure 3.6: (a) manual drawing from the data sheet, (b) 3-Dsi@ral drawing
3.26 Sketching Applying For Model I mprovement
The dimension of the rear wheel cover is instaltiimgctly into the HEV model

by using the Solid work software. Figure belowhs HEV model with the rear wheel

cover at the side view.
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Rear Wheel léf:te ‘;\’heel
Cover
V' i
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(a) Right View (b) Front View

Figure 3.7: Model view with rear wheel cover

3.2.7 CFD Simulation

After the HEV car modeling on CAD, the model wik lransfer into a CFD
Simulation known as Computational Fluid Dynamicsn@ation. The process will
make an analysis about the flow velocity and thesgure distribution over the car
model body. In this simulation also can determime laminar and turbulent flow over
the car body. The drag can be determined afteseiiéng of the goals. The HEV car
model with rear wheel cover is used as the modelhie all analysis. With this model,
the simulation will be running by using the CFDtsafre. Figure 3.6 below show the

boundary condition of the HEV car model with redregl cover on CFD.

Fluid flowon car
I L . -
Velocity Boundary of CFD study
input

Figure 3.8: CFD boundary condition with streamlines and Corapobal Domain size
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This CFD simulation will be used for determine fluav over the car before and
after adding the rear wheel cover to see the diffee. This method of CFD simulation
is depending on the model, every little aspect wifect the result. This simulation is
focusing on the external flow of the vehicles anel ¢ffect of the velocity and pressure
distribution after given a desired input.

General Settings [7l=]
Analysis type Congider closed cavities
) Internal Exclude cavities without flow conditions

@ Analpsis type
(@ Extemal Exclude internal space

FaW| .

O

Sy Fluids

Physical Features [vraa 1
Heat conduction in solids S
Radiation

“wiall conditions

Initial and ambignt
conditions:

Time-dependent
Gravity
Rotation

oooO

Reference awis:
[ Ok ] I Apply I [ Caneel ] I Help ]

Figure 3.9: Simulation of analysis type

The location of the most laminar and turbulent flofathe vehicles and the most
pressure distribution will be shown when a différgalocity is given to the vehicles
according to the changes from the lower velocityh® maximum velocity. The setting
velocities are set 40, 60, 80, 100, 120 and 14hkBwring this simulation also, all the

data will be recorded and the graph of the analysis be compared after all the
simulation is archive.

Air is taking as a fluid for project analysis tlstrrounding the whole car model
in the simulation. The flow characteristic valuailaminar and turbulent; these types of
flow will be considered for the simulation. Settiggals are very important to find the
drag force. After the solver was finished done, ganhthe drag force in COSMOSFlow

by choose the average force acting on the Z axistte refinement, the level taking is
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level 4 and the three points that taking for tHaetaf refinement is 10, 20 and 50. The
unit in refinement is iterations. The mesh dispayeeded to show at COSMOSFlow
parameter before the running of simulation. Thehmieken is about between courses
and fine value. Refer Mesh Independent Analysi2.8}. for further information
regarding the refinement chosen.
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Figure 3.10: (a) Run startup for simulation, (b) Velocity anasysolver for each speed
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Figure 3.11: CFD Pressure Result Simulation on model
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From the figure above, the pressure distributioshew around the model in
velocity of 60 km/h. The upper side of the rearmaassure is higher than the below side
of the rear car. As state at the previous chapir different pressure can be obtained
referring to different velocity. By referring wittlifferent velocity, the changing of the
laminar and turbulent flow will appear at the bagile of the car body. After the
analysis of the model in different velocity, thesult of the drag coefficient will be
different too. By this different of the value, tbemparison in term of drag coefficient
between model with rear wheel cover and without vézeel cover can be done. By the
reducing drag coefficient with rear wheel covere tproject is complete and the
objective are achieve.

3.28 Mesh Independent Analysis

Before further simulation was done a mesh analgsarried out to determine
the most accurate mesh. The model is meshed iGHesoftware using a very coarse
mesh, Level-2 meshing in the software. The meshadseased to level 3, level 4 and

level 5 as in table 2 until the average velocitglimost constant with the actual velocity.
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Figure 3.12: Mesh Levels analyzed level 2, level 3, level 4 vl 5
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Figure 3.13: Velocity Point for mesh study

Point Velocity Versus Actual Velocity
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Figure 3.14: Point velocity versus Actual velocity for the model

From the graph above known that the point veloaityl the actual velocity
value are similarly same at the level 4. So levid dhoose for the simulation analysis.

Some more the time taken was less than level 5.



Table3.1;

Number of cells for each level for the model siniola

Level 2 Level 3 Level 4 Level 5
Fluid Cells | 3516 60301 191775 194222
Solid Cells | 1161 6949 24323 25554
Partial Cells| 2469 9687 51850 35779
Total Cells | 38766 76937 250700 255555
1355s 4729s 16981s 691200s
CPU time | (22min)| (1hr 18 min)| (4 hours 42min}) (8hours 24 min

40



CHAPTER 4

RESULT AND DISCUSSION

41 I ntroduction

The main objective of this project is about to sttitke effect of rear wheel cover
on pressure and velocity distribution. The effedt e simulated before and after the
adding of rear wheel cover using the CFD simulatlorautomotive design studies, the
aerodynamic devices such as rear wheel cover arenthortant part in designing a
vehicle. This aerodynamic device will influence thie stability, performance, fuel

consumption and others on the vehicle.

Nowadays, there are many new vehicle model aralin$ie rear wheel cover
device. In this project analysis will show the désthen adding the rear wheel cover at
the rear vehicle and will compare with the vehiciedel without the rear wheel cover.
The adding of rear wheel cover is the main charesties that were taken into
consideration in the analysis. By mean, this i® alse of the ways how a designer of
the most leading world performance car manufactpreduce this rear wheel cover as
their standard part for the vehicles as their steshdits. This CFD simulation analysis
will determine there is any changing and improventmiore and after the rear wheel

cover device are install at the vehicle model.



4.2 Frontal Area of the Model

/

Area. 1E48247 31 millimaters "2
Perimeter

[Brea [1834474. dmilimeters’2
eter: [E07240mm

[Perimeter:

LL,
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(a) Without Rear Wheel Cover (b) With Rear Wheel Cover

Figure4.1(a-b): The frontal area without and with rear wheel cdvem the Solid

Works

From the figure above the frontal area for the rhad#nout rear wheel cover is

A= 1.834 m? and with rear wheel cover is A=1.845 m

4.3  Drag Coefficient

The drag coefficient can be calculated by usingdfeg force equation. From

the value of drag force that obtains in COSMOSF&malysis, the drag coefficier®p

can be determined. The drag coefficient will becaldted with the equation 2.3. The

velocity used is from 40 km/h until 140 km/h.
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Determine theCp for model with rear wheel cover at velocity 140 korFrom

the data given,

F, =699.4342 N
p =1.225 kg/m3
A=1.845m?2
V =138.89 m/s
Solution,

699.4342N
; (L.225kg/ m*)(3889m/s) (1.845m?)

C, =

= 0.4093

Determine theCp for model without rear wheel cover at velocity 1d@/h.

From the data given,

F, = 697.4401 N

p =1.225 kg/m3---- [15]
A=1.834 m?
V =138.89 m/s

Solution,

697.4401N
; (L.22%g/ m)(3889m/s)  (1.834m?)

C, =

=0.4105
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Table 4.1: Drag coefficient of vehicle with and without resineel cover
Drag ForceFp [N] Drag CoefficientCp
Velocity With Rear Without Rear With Rear Without Rear
Speed, km/h | Wheel Cover | Wheel Cover | Wheel Cover | Wheel Cover
40 48.0985 49.9621 0.3448 0.3603
60 115.4470 117.8046 0.3678 0.3775
80 207.4007 212.4209 0.3716 0.3829
100 332.1754 343.5190 0.3810 0.3963
120 490.4545 499.6173 0.3906 0.4003
140 697.4401 699.4343 0.4081 0.4117
0.42
0.4
< 0.38
“- ) -
g
=2
£ 0.36 1 ——With Rear Wheel Cover
s/
gj 0.34 —-Without Rear Wheel
o Cover
0.32
0.3
40 60 80 100 120 140

Velocity Speed, kim/h

Figure 4.2: Drag coefficient vs. Speed
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The Figure 4.2 show the drag coefficient relatethwtine vehicle speed. The
different lines of the drag coefficient with andtlut rear wheel cover are plotted.
When the changing of the velocity, the higligris obtained and the flow contour also
change. By this analysis, increasing value of sped#ldmake the drag of the vehicle
increase too. By adding the rear wheel cover, thgimum drag at high speed will be
reduced for reducing the fuel consumption usage.drag coefficient of model without
rear wheel cover is higher than model with rear evleover. By compare with and
without the rear wheel cover, the drag coefficiasitenodel with rear wheel cover are
decrease. This is because rear wheel cover willceedhe wake region area at the side
of the model wheel houses. Drag will be reducednithe wake region are decrease. At
the high speed only will show the effect of addihg rear wheel cover to the model.
This has shown at the graph above. From the gramhag coefficient versus speed
above, the increasing @ is slightly proportionally with the increasing speed. The
higher speed of vehicle will give higher drag caméint due to higher drag force to
overcome as the vehicle moving. The minimGmobtained at the speed of 40 km/h is
0.3448 and the maximum value ©f obtained at the speed of 140 km/h is 0.4117. The
averageCp for model without rear wheel cover is 0.3882 aadthe model with rear

wheel cover is 0.3773.
44 Aero Power

The aero power can be calculated by using the pewer equation from the
study. From the result value of drag coefficiemtttbbtains in drag coefficient equation,
aero powerP can be determined. The aero power will be calcuwiatie the equation at

the below.

P=p/2C AV (V+Voj (4.1)

P = Aero power [W]

p = air density [kg/r

Cp = drag coefficient

A = vehicle section area fin
V = velocity [m/s]

Vo= wind velocity [m/s]
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Determine thd® for model with rear wheel cover at velocity 140 krifrom the
data given,

p = 1.225 kg/n
Cp = 0.4081
A=1.845mM

V =38.89m/s
Vo=0m/s

Solution,
p=122%2 (0.4093) (1.845 R) (38.89 m/s) (38.89 m/s + 0 nfls)

=27.1227 kW

Determine thd® for model without rear wheel cover at velocity Id4/h. From
the data given,

p = 1.225 kg/m
Cp = 0.4117
A=1.834mM

V = 38.89m/s
Vo=0m/s

Solution,

p=1ZE5m3 (04117) (1.834 ) (38.89 m/s) (38.89 m/s + 0 nfs)
= 27.2002 kW
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Table 4.2: Aero power of vehicle with and without rear wheeler

Aero Power, kW
Velocity Speed, km/h With Rear Wheel Cover WithBeiar Wheel Covef
40 0.5344 0.5551
60 1.9241 1.9634
80 4.6089 4.7204
100 9.2271 9.5422
120 16.3485 16.6539
140 27.1227 27.2002

30
N /

/

15

Aero Power, KW

10

== \Vith Rear Wheel Cover

5 === \\ithaut Eear Wheel
Caver

40 60 80 100 120 140
Velocity Speed, km/h

Figure 4.3: Aero power vs. Speed

The figure show the aero power related with theiclehspeed. Vehicle with
high speed will use the higher power to make thecke move. By using the higher
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power, the amounts of the fuel used also are highes higher fuel consumption will
make the usage of vehicle are not economical. &tlalv speed, the power are used is
still lower compare when at high speed. It will ghthe difference at 100 km/h and
above of vehicle speed in term of power usage. Rbael cover device will reduce the
amount of power usage. By reduced the amount ofepasage, the fuel consumption
usage also will lower. This is the economical aflfusage when adding the rear wheel
cover on the vehicle. From the graph, model with@ar wheel cover are show the
higher of power that is 27.2002 kW compare to tlosleh with rear wheel cover that is
27.1227 kW. With comparing the different analysatadfor the 140 km/h its shows
around 0.0075 kW of aero power reduced by addiag weheel cover. From this fuel

consumption usage also will reduce.
4.5 Per centage Reduction

From the adding of rear wheel cover on the modet, teduction of drag
coefficient,Cp and aero poweR will obtain. This reduction showed the good benefi
adding rear wheel cover on the vehicle. The reduostare calculated in percentage. The
average values are used to calculate the percemtigeduction. The percentage

reduction will be calculate with the equation a below.

verage Without—Average with

% reduction ™ x 100% (4.2)

Average without

Table 4.3: Average values of £andP

Average value

With Rear Wheel Cover Without Rear Wheel Cover

Drag CoefficientCp 0.3773 0.3882

Aero PowerpP 9.9610 kW 10.1059 kW
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451 Percentage of Drag Coefficient Reduction

_ 0.3RR?-ND.ITTI

% reduction = zsaz x 100%

= 2.80780

The range for g reduction is estimate to be up than 2.88463

4.5.2 Percentage of Aero power Reduction

_ 10,1059 kW —-99510 kW
10. 1059 FIW7

% P reduction X 100%

= 1.4338%

The range foP reduction is estimate to be up than 1.4%83

4.6 Simulation Result

The simulation result shows the final result forttba@onditions. The first
condition is where the HEV model is in a standarddition without an addition of rear
wheel cover. The second condition is where the Hiddel is an addition of rear wheel
cover. Any aerodynamic devices such as front spoVlertex generator, rear spoiler,
rear wheel cover and more do have an effect onativBow of the vehicles. The
different velocity will give the different resulf gimulation because of the changing of
Re
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4.6.1 Simulation of External Pressure Distribution

40 km/h Without Rear Wheel Cover 40 km/h With Rear Wheel Cover

60 km/h Without Rear Wheel Co\ 60 km/h With Rear Wheel Cov

80 km/h Without Rear Wheel Cover 80 km/h With Rear Wheel Cover




100 km/h Without Rear Wheel Cover

120 km/h Without Rear Wheel Cover
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100 km/h With Rear Wheel Cover

120 km/h With Rear Wheel Cover

140 km/h Without Rear Wheel Cover

140 km/h With Rear Wheel Cover

Figure 4.4: Comparison of pressure distribution between wiitth &ithout rear

wheel cover
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The simulation result was taken on the symmetiam@l When the wheel cover
device is installed on the model, the pressurgpéuarea of the rear boot will increase
due to the increasing of velocity. This will makestmodel not easily slip or lift. The
pressures at upper end profile of the model witkeeVltover are higher compared with
the model without rear wheel cover. The surroungiressure of the model also higher
compare with the model without rear wheel cover.shswn in figure, the pressure
distributions are lower at the bottom of the undespbcompared at the upper as the
speeds are increase on model with rear wheel c®ifferent pressure distribution at
rear will influence for the model drag coefficiehtigher pressure also is located at the
front bumper which the location where the stagmapioint of the air flow to the model
body. The spot between the front windscreen andt frmod also contributed to the
higher pressure. However there got a several lmecathich is has the lowers pressure
distribution at both the front and rear end of timelerbody. From the scale, the higher
value is 102252 Pa and the lowest is 99543 Pa.eTlmger pressure locations are
important for the stability of the vehicle. The higressure are refer as a positive
pressure and the lower as a negative pressureofparing from these two conditions,
the upper pressure distributions of rear wheel cave higher than the model without
rear wheel cover. These states the vehicle withwbael cover is better in term of drag
coefficient.

4.6.2 Simulation of External Velocity Distribution

189034 16,9034
15213 15213

135227 135227
11,8324 118324
10142 10142

845189 8.45189
676135 876135
507102 507102
338088 338068
159034 159034

a a
Welatity [mis] Welocity [mfs]

40 km/h Without Rear Wheel Cover 40 km/h With Rear Wheel Cover
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60 km/hWith Rear Wheel Cowvi

80 km/h With Rear Wheel Cover

100 km/h Without Rear Wheel Cover

100 km/h With Rear Wheel Cover
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140 km/h Without Rear Wheel Cover 140 km/h With Rear Wheel Cover

Figure 4.5: Comparison of velocity distribution between wittdamithout rear wheel

cover

The simulation result was taken on the symmetan@l From the figure shown
above, there are air flow stream that will change tb the increasing of the velocity.
The flow also is difference between model with avithout rear wheel cover. This is
because of the flow separation at rear area thert belped by rear wheel cover. The
flow stream will become slightly smaller that shalve flow separations at the rear
model are became smaller too. But, the flow sefmaraif the model with rear wheel
cover device is smaller than model without rear @ltemver device. The wakes areas
are produce when the vehicle is moving as shovh@dblue color regions. This region
produces at the rear model area. These regionsaded as reversed flow of the
velocity. When the speed is increase, the rear fleparation will curved upward as the

higher velocity. By installing the rear wheel codevice, the wake region will be
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reducing. These reducing of wake region will imgrakie reduction of vehicle drag. So,
the drag of the vehicle will reduce due to fuel amption. At the speed of 140 km/h is
clearly showed the reducing of the wake regionhat rear area with the rear wheel
cover. Low drag is required to attain high speezsd.of wake region will contribute the
lower drag of moving body. These have shown attbeel with rear wheel cover that
is the wake region area is less than the modebwithear wheel cover. These reducing
of wake region happen because of the reducing #eparation at the back. From the

scale, the higher value is 62.6805 m/s and thedoised m/s.

47 Discussion

As the pressure contribution at body, rear wheeécwill make a difference in
performance at high speed. High speed will causegmnto reduce the drag force of the
car when with rear wheel cover. The pressures @¥ebf the vehicle body are lower
than vehicle body with rear wheel cover. Also thiesgures at underbody are higher
than vehicle body with rear wheel cover. Rear wiveskr will make the body pressure
lower than without rear wheel cover. These will mdke car easily to move without
drag and lift. Rear wheel cover will reduce thegdréhe drag coefficient of the vehicle
decreases from 0.3882 to 0.3773 by adding thewbael cover to the basic body and
the P reduction effect for rear wheel cover were decrdem® 10.1059 kW to 9.9610
KW. Pressure distribution from rear wheel covel Wwélp vehicle to more stable when
high speed and rear wheel cover will reduce they drfavehicle especially in low

velocity and fuel consumption.

From this simulation, there are several thingstwacarried out:-

* Any aerodynamic devices such as rear wheel cowatex generator,

front and rear spoiler do have an effect on ovéi@l of the vehicles.

» Different velocity will give different result to éhsimulation because of

the changing pressure and velocity distribution.
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The vehicles need to be modeled completed and oigdse fine value

of meshing to get the better simulation data result

CFD gives a good approximation for the drag andstarally reduces
cost for the development stage of vehicle body.
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CONCLUSION AND RECOMMENDATION

51 Conclusion

Drag force is the main issues for the road vehioler the years. By reducing
the drag force is the one of the solution to redufieel consumption, stability and
handling particularly at high speed. It is well kmothat a large proportion of the drag
is the result of pressure drag produced at the esal of the vehicle and the
understanding derived from the study of the wakecstre is crucial in improving the
road vehicle aerodynamic performance. For the reglicles, it is basically three-

dimensional bluff bodies in proximity to the ground

By adding the aerodynamic devices like rear whemlec the result will
decrease the pressure distribution at the redreo¥¢hicles. From the result, it is shown

an improvement by adding the rear wheel cover asobthe aerodynamic devices.

This project is started by adding the rear whegkcalevice on the HEV model
by using CAD. The method to analyze this projecsimulating the model using the
CFD COSMOSFlow. From the analysis that had beeished, there is a different
before and after the simulation is complete. Thiiteknt can be seen clearly even by
using an input data for both condition.
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52 Recommendation

As for the future researches, the different leragtt different angle of rear wheel
cover can be compared by simply attached to the saatlel to see the different of flow
and also to determined is the design of the reaeltover also influent the characteristic
of the flow. Some other recommendation can be @diout:-

* Used the Computational Fluid Dynamic software (Rtuéo do the same
analysis to see the different on data.

« Further analysis on other parts on the model sadide mirror, side skirt,

vortex generator, and others beside the well-knaanodynamic devices.

« Determined the design of rear wheel cover alsai@mt the characteristic of
the flow.
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APPENDIX A

GANTT CHART / PROJECT SCHEDULE FOR PSM

PROJECT
ACTIVITIES

Literature study

Identify Problem
Statement

Define Objective and
Scope of study

Detailed Methodology

Sketching the rear wheel
cover and apply it at
SolidWork

Simulate the rear wheel
cover with CFD software
COSMOSFlowork

Proposal Preparation

Presentation Preparation

FYP 1 Presentation
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GANTT CHART / PROJECT SCHEDULE FOR PSM 2

PROJECT WEEK
ACTIVITIES

Literature Study

Analysis the drag
estimate without rear
wheel cover on car modg

Analysis the dra
estimate with rear wheel
cover on car model

Compare the drag
estimate without and with
rear wheel cover

Conclude the drag force
and drag coefficient of
the project

Report writing

Presentation preparation

FYP 2 presentation

Make final report
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APPENDIX B

PLANE ANALYSISPROFILE VISUALIZATION

Velacity [ris]

Symmetric plane at the center of the model body

Symmetric plane at the center of the model body
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APPENDIX C

REAR WHEEL COVER MODEL
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APPENDIX D

3-D MODELING (WITH REAR WHEEL COVER)
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APPENDIX E

3-D MODELING (WITHOUT REAR WHEEL COVER)




