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ABSTRACT

The performance of a vehicle is not only determined by the engine.
Aerodynamic also plays a very important role in term of vehicle performance and
safety. A car shape with good aerodynamic properties will have better high-speed
stability, fuel consumption and safety. To improve the aerodynamic properties of a
vehicle, afterbody rounding is one of the ways to do. Besides, car parts such as rear
spoiler, air dams, canards can further improve the downforce of a vehicle. The rear
spoiler will change the way of airflow behind the vehicle. It will help to increase the
air pressure at the rear part of the vehicles by reducing the size of longitudinal vortices
structure formed, which further improve grip. The purpose of this project is to find out
the effect of afterbody rounding onto the Ahmed model. The roof edge rounding is
according to the real hatchback vehicle. Besides, the effect of the rear spoiler is also
considered. Different configurations of spoiler in term of angle is attached to the roof
edge of Ahmed model. Both Ahmed model and rear spoiler are built-in Ansys
DesignModeler software. Then, all different configurations of Ahmed model (original
and rounded, with or without spoiler) are simulated in Ansys Fluent software to
achieve the drag and lift force. This project is only based on the hatchback vehicle type.
As the results, compare to the original Ahmed model, both drag and lift force after the
roof edge is rounded. For cases with the rear spoiler, the changes in lift force are based
on the rear spoiler angle. The changes in drag force are not significant. In conclusions,

the best Ahmed model setup is Case 3 due to lower drag and lift force.
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CHAPTER 1

INTRODUCTION

1.1 BACKGROUND OF STUDY

Aerodynamics is the study that related to the motion of air and the interrelation
in between the air and objects which moving through it. Anything that moves through
the air is affected by aerodynamics, from a high-speed moving vehicle to a flying
aircraft. (Cakir, 2012) The two basic aerodynamics forces are drag and lift. Drag is the
force that air exerts against a car as it moves, while the lift is the perpendicular force
exerted by the air on the car. The lift includes both positive lift and negative lift. Air
moves in a very similar way to liquid, so there is friction. When something moves
through it and that makes drag. Drag is a things velocity squared, v’ multiplied by its
drag coefficient, Cs and its frontal area, 4. Drag coefficient depends on a lot of factors,
some of which are an object’s overall shape, surface roughness, and speed.

For road vehicles, acrodynamics plays an important role in high-speed stability,
fuel consumption, and safety. The main concerns of automotive aerodynamics are
reducing drag forces, reducing wind noise, and preventing undesired lift forces at high
speeds. (Tsai et al. 2009) Besides, automobile manufacturers need to cut fuel
consumption further and emission of Carbon Dioxide (CO2) when the European
Community enforce strict exhaust gas rules at the 2020 Horizon (95g / km of CO2).
Improving engine efficiency and cutting down energy losses will satisfy this aim.
Significant effort is put into drag reduction in this context, through the optimization of

the car shape. One of the ways to optimize is the rounding of the rear part of the vehicle.



It seems to be interesting but there is a compromise founded between style and

aerodynamic efficiency. (Rossitto et al., 2016)

1.2 PROBLEM STATEMENT

Let us compare the older vehicle and the modern one. There are many
differences in terms of performance, efficiency, technology, design, etc. From the
design aspect, we can observe that most of the modern passenger car has smoother
body contour than the older passenger car, which include the rear roof edge. But, the
effect of rounded rear roof edge is not revealed to the car user. To find out the effect
of such styling, design of car body that refers to Ahmed body model, a simple bluff
body that will be analysed in Computational Fluid Dynamics (CFD) software, ANSYS

FLUENT.

1.3 OBJECTIVES

The objectives of this project are:

To find out the difference between before rounding and afterbody rounding effects.
To investigate the effects after the car model installed rear spoiler for afterbody
rounding configurations.

To determine the value of Cus (coefficient of drag) and C; (coefficient of lift) for

different configurations.



1.4 SCOPE OF PROJECT

This project focuses on a vehicle body by determining the value of some
parameters that will affect the aerodynamics properties such as Cas, Ci;, Reynold
numbers and air pressure. This project will be simulated by using ANSYS FLUENT
v16.0, the simulator for Computational Fluid Dynamics (CFD). The vehicle body of
this project will be represented by ‘Ahmed Body’ model. The rear roof edge will be
rounded. Besides rounding, the spoiler with different configuration will also install on
Ahmed model. The location of the rear spoiler will follow the roof edge of the Ahmed

Body to find out the aerodynamics effects of the rear spoiler.

1.5 GENERAL METHODOLOGY
The actions that need to be carried out to achieve the objectives in this project are listed

below:

. Literature review

Journals, articles, or any material regarding the project will be reviewed.

Simulation

Simulation of the Computational Fluid Dynamics (CFD) to get see flow pattern after
passing C-pillar.

. Analysis and proposed solution

The analysis will be presented on how the rounding and rear spoiler will affects the
airflow.

. Report writing

A report on this study will be written at the end of the project.



CHAPTER 2

LITERATURE REVIEW

2.1 AERODYNAMICS PROPERTIES

Aerodynamics is the way of air to move around things. Aeronautical engineers
use the basics of aerodynamics to design aircraft flying through the atmosphere of the
Earth. Aerodynamics is used to design a lot of different things, including building
design, bridge design, vehicle design, and much more.

A long time ago, cars started to use aerodynamic body shapes. As engines grew
more powerful and cars grew faster, automotive engineers realized that their speed was
significantly impeded by wind resistance. Racing cars and those trying to break the
land speed record were the first vehicles to embrace better aerodynamics or
streamlining (Lucas, 2014).

There are four forces that affect a car's aerodynamic properties, including lift,
weight, thrust, and drag. Those results in a vehicle going up, down, faster or slower.
The amount of each force will change the movement of a car through the air (May,

2015).



2.1.1 DRAG FORCE

A drag force is the force of resistance generated by a body's movement through
a substance like water or air. A drag force operates against the direction of the speed
of the oncoming flow. This can be between two layers of fluid (or surfaces) or a solid
surface and a fluid. Drag forces also minimize the velocity of the liquid relative to the
solid object in the direction of the fluid. The drag equation is a method used in fluid
dynamics to measure the drag force felt by an object as a result of motion through a

fully enclosed liquid. The equation is:

1
FD s EPHZCDA

Where: Fj, = Drag force (N)

p = Mass density of the fluid (kg/m®)

u = Flow velocity relative to the object (m/s)

A = Frontal area (m?)

Cp = Drag coefficient (dimensionless)

The coefficient of drag is depending on Reynolds Number. The Reynolds
Number is the ratio of inertial forces to viscous forces and is a convenient parameter
for predicting whether a laminar or turbulent flow condition will appear. The formula

can be described as below:

Where: p = Mass density of the fluid (kg/m?)
u = Flow velocity relative to the object (m/s)
L = Travelling length of the fluid (m)
u = Dynamic viscosity of the fluid (kg/m.s)

v = Kinematic viscosity of the fluid (m?/s)



2.1.2 LIFT FORCE

Drag cannot be the only consideration, though. While an aircraft's lift is
desirable, it can be unsafe for an automobile. Cars are designed so that the wind exerts
a downward force as their speed increases to maintain better steering and braking
power. Increasing this downward force also decreases drag, which in turn increases
fuel consumption and reduces speed, so these two forces need to be carefully balanced.
Lift usually acts in an upward direction to counter the force of gravity. The formula
for calculating aerodynamic lift is mathematically similar to the drag force formula

although the coefficient of drag is replaced by a lift coefficient and is as below:
1
FL = E puz CLA

Where: F; = Lift force (N)

p = Mass density of the fluid (kg/m®)

u = Flow velocity relative to the object (m/s)

A = Frontal area (m?)

C, = Lift coefficient (dimensionless)

Downforce is a negative lifting force developed by a vehicle's aerodynamic
properties. The downforce is intended to enable a vehicle to move quicker through a
corner by maximizing the vertical pressure on the tires, therefore generating more grip

and stability.

2.2 BLUFF BODY

A bluff body is one that has a length in the direction of flow close to or equal
to that perpendicular to the direction of flow in aerodynamics. This creates the
characteristic that the contribution of skin friction to the integrated force acting on the

body is much lower than that of pressure. Even a smooth structure like an airfoil at

6



broad angles of incidence behaves much like a bluff body. A circular cylinder is a
model that is often used to study bluff body flows. Bluff body flows are described by
flow separation resulting in an interrupted flow region behind, i.e. the wake.
(Konstantinidis & Bouris, 2012)

Ground vehicles that move close to the road surface can be called bluff bodies.
Over the years, the design of such vehicles evolved under the constraints of aesthetics,
operational safety accessibility to services, etc. In the past, the impact on the
aerodynamics of these design guidelines was not of critical importance. Fuel economy
is an important requirement required of a present car or utility automobile, with
growing uncertainty about long term fuel availability Fuel consumption depends,

among other factors, on the vehicle's aerodynamic drag. (S. R. Ahmed et. al. 1984).

2.3 GEOMETRIC DETAILS OF AHMED BODY

Ahmed body is a generic vehicle body (a simplified model of the vehicle). The
flow of air along the Ahmed body describes the crucial flow characteristics around a
car and was first defined and characterized in Ahmed's experimental work. Although
it has a quite simplistic design, the Ahmed body allows to let us identify characteristics
that are important to the car industry's bodies. This design also defines the turbulent
flow region around a structure similar to a vehicle. After verification of the numerical

model, it will be used to develop new car models.
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Figure 2.1: Dimensions of Ahmed Body. (Guilmineau et al., 2016)

It is easier to handle the flow around the front of anybody moving sub-sonically
through the air than over the backside. This is because the free-standing
headlights, radiators, and fenders are no longer in style. The forebody's contribution to
drag is usually small for any current car that has provided aerodynamic consideration.
This requires no streamline shaping, just careful attention to detail. (Hucho & Sovran,
1993)

The Ahmed Body length is 1044 mm and the overall ratio of length: width:
height is 3.36: 1.37: 1. It consisted of three sections; the front section, the middle
section, and the back end. The front section's edges are rounded as shown in Figure 1,
free flow is applied over its surface to achieve separation. The middle section was a
box with a rectangular cross-section sharp-edged body. The length of the slant base is
222mm with various slant angle. Both the coefficients of drag and lift alter
dramatically at the angle of $=30 °. This angle is therefore called the critical angle of

slant.



2.4 CRITICAL AFTERBODY GEOMETRY

The main problem with aerodynamics is at the rear end. Particularly interesting
is the stream over and from the vehicle's upper rear surface. Over the past 20 years,
the effect of this surface's slant angle on drag has been thoroughly studied (e.g. Janssen
& Hucho 1975; Morel 1978a, b; Ahmed 1984).

Figure 10 shows the nature of the flow behaviour, in which the slant angle is
the angle measured from the horizontal angle. Because the simple body's rear roof is
slanted from the baseline of the squareback (point A, Figure 2), trailing vortices are
produced at the lateral edges and causing drag. Nonetheless, the generated
downwash between them creates the attached movement on the central portion of the
slanted surface producing a drag-reducing tension recovery. The net result is a

reduction in drag.
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Figure 2.2: Dependence of drag, Co, on the slant angle e of the upper-rear surface of
fastbacks, and the existence of a critical phenomenon: (a) simple body, (b)

automobile. (Hucho & Sovran, 1993)

As the angle keeps growing the opposing factors and the net drag reach a

minimum for 15 © (point B). It should be noticed that at this stage, vortex drag is not



