CHAPTER 1

INTRODUCTION

Automotive industry has become a competitive sector over the years. Manufacturing
companies want from their cars to have high qualities in terms of performance,
safety, comfort and economy. Therefore, companies allocate huge budgets for

research and development studies.

As it is known, fossil fuels have been running out throughout the world. Most of the
fossil fuels are consumed by the automobiles in which internal combustion engines
are used. Hence effective usage of fuel in automobiles is a very important subject.
There are two ways to achieve this goal, one is to increase the efficiency of the
engine and the other one is to reduce the resisting forces acting on cars when they are

travelling.

Resisting forces acting on cars can be classified in two groups namely; body forces
and external forces. Body forces are related with the mass or change in the velocity
of the car. On the other hand external forces are the forces that provide or resist the
movement of the car and they are not directly related to the mass of the car. Since the
forces resisting the movement of the car determine the energy requiring for the

motion, they also affect the fuel consumption.

One of the most important resistant force acting on cars is aerodynamic drag force. A
passenger car travelling at a speed of 100 km/h spends 60% of its power to overcome

aerodynamic drag [1].

Effect of aerodynamic drag force on fuel consumption is shown in Figure 1.1. In this

figure, Cp represents the drag coefficient.
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Figure 1.1 Effect of drag coefficient on fuel consumption [2]

Aerodynamic characteristics affect also safety, visibility, comfort and performance of
cars beside fuel consumption (Figure 1.2). Therefore determination of aerodynamic
characteristics is an important matter.
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Figure 1.2 Properties affected by aerodynamic characteristics [22]

Road and wind tunnel tests are conducted to determine the aerodynamic
characteristics of cars. Wind tunnel tests are cheaper and easily applicable because in
wind tunnel tests, it is possible to use smaller scale models. Full scale models

increase the cost of the wind tunnel tests. Although road tests represent the
2



environment in which car will be used successfully and give more realistic results,
wind tunnel tests are often used to determine the aerodynamic characteristics of cars
since it is difficult to make any generalizations for different ambient conditions in

road tests.

In the last decade, a huge progress in the area of computational fluid dynamics
(CFD) and its computational applications have been made. Most of the car
manufacturing companies use CFD related package softwares especially in the
pre-design stage. These softwares are widely used since they are cheap and fast even
for the solution of very complex systems. They also give an opportunity to the

designer to see the faults before the production stage without any production cost.

CFD methods need a turbulence model to solve turbulent flows. A lot of turbulence
models have been developed and integrated in CFD softwares. Since the chosen
turbulence models affect the results directly, the choice of turbulence models should

be appropriate for the system under consideration.

Turbulence models can be classified into three categories depending on complexity;
Direct Numerical Simulation (DNS), Large Eddy Simulation (LES) and Reynolds
Averaged Navier-Stokes (RANS) models. Among those, only DNS can be used to
calculate the flow without a numerical model. But this requires huge computational
resources. LES assumes that most of the flow energy is contained in the large eddies
and these eddies are computed, and small eddies are modeled. RANS models
calculate mean flow parameters instead of instantaneous flow parameters. Averaging
process is used to derive mean flow equations. With this process some information
relevant to turbulence fluctuations is lost. This loss of information appears itself as
Reynolds stresses in the mean flow equations and they need to be represented

numerically [3].

Flow near a wall can precipitate extra problems for turbulence models. This is
because near a wall the velocity profiles and Reynolds stresses change quickly, thus
one requires a very fine computational grid to resolve these changes. In order not to
use such a fine grid, wall functions are utilized to link the near wall region and fully

turbulent region [3].



In this study, firstly fundamentals of aerodynamics and aerodynamic characteristics
of passenger cars are mentioned. Then properties of turbulent flows and turbulence
models are discussed. Lastly, in order to test the reliability of turbulence models and
to compare the performances of them; an aerodynamic CFD analysis of BMW model
car is made. In the CFD simulations, the wind tunnel tests of Aka [4] which was
made on the same car model, was simulated with using several turbulence models.

After all, computational and experimental results are compared.

Analyses in this study were made with Fluent, a CFD software developed by
ANSYS. Geometry of the model car was created with Rhinoceros and Catia
softwares. Computational mesh was generated with Gambit and Tgrid softwares. At
the end; streamlines, velocity and pressure distributions, velocity vectors, drag and

pressure coefficients were obtained by using CFD-Post software.



CHAPTER 2

LITERATURE SURVEY

It was the 1960 s, after the World War Il, when the aerodynamic characteristics of
road vehicles were begun to be studied more intensively. At this period with wind
tunnel tests, experimental studies became more of an issue when determining
aerodynamic properties of road vehicles. The first CFD studies started in 1980 s with
the progress of computer technology and a new era started in automobile
aerodynamics. At present time there is a continuous development in road vehicles

aerodynamics with both wind tunnel tests and CFD applications.
2.1 Literature Reviews

Ahmed et al. [5] developed a simplified car model called Ahmed Body (Figure 2.1)
and investigated the effect of slant angle on drag force experimentally. Drag
coefficients were found as 0.231, 0.23 and 0.378 with the slant angles of 5°, 12.5°
and 30° respectively. It was shown that 85% of total drag was formed due to pressure
drag and rest of the drag force was due to friction drag. They also studied the wake
flow region behind the car and two horseshoe vortices (Figure 2.2) that the strength
of which depend on slant angle were observed. Side vortices formed on the side of
the car also contributed to wake vortices. Because of the simplicity of the geometry,
Ahmed Body has been used in lots of experimental and computational studies and it
has become a reference car model. Drag results for various configurations of Ahmed

Body are shown in Figure 2.3.
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Figure 2.1 Ahmed Body [3]

Figure 2.2 Vortex systems in the wake of Ahmed Body [5]



Figure 2.3 Ahmed Body drag results for various aurftions [5]
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