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Abstract: A supercar is one of the best categories for cars. These cars are usually the most effective
of the best and are in extremely restricted quantities. Supercars are exotic cars, and that means they
need a beautiful style, besides as unbelievable performance. These supercars are among the fastest
and have the best sport handling in the world. Improving aerodynamic properties and a car's
aerodynamic drag resistance is the easiest and most cost-efficient way to tackle this issue. A
common device used to improve aerodynamics in sports cars and race cars is a diffuser which
enhances the recovery of pressure. In this study, the drag-reduction effect of a diffuser on a sedan
car was tested. Computational fluid dynamics (CFD) simulations were performed to understand the
impact of the diffuser. For such simulations, diffusers with different angles have been checked to
find the most effective drag reduction configuration. Research has shown that it is possible to

improve the aerodynamic characteristics by adding diffusers at the car's underbody.
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1. Introduction

A car diffuser, from anautomotive context, is a
shaped section of a car underbody which used to improve
the car's aerodynamic properties by enhancing the
transition between the high-velocity airflow underneath
the car [1]. The diffuser has also recently been widely used
in passenger cars to improve fuel efficiency and
operational reliability [2]. Air resistance has been the first
major obstacle to the acceleration of automobiles and fuel
savings since the dawn of the road. The earliest cars had
nothing aerodynamic, but with the early races between
designers, short circuits with low-power engines allowed
engineers to realise how much the aerodynamic drag
frictional force increases significantly with the vehicle
speed [3]. The study carried out using a 2-dimensional
diffuser model. The normal diffuser angle accompanies the
diffuser angle. The parameters for this analysis are diffuser
angle and distance. Using FLUENT solver simulations are
performed. The wind speed set at 30 m/s, which is the
supercar's average speed at the corner, so this study uses
diffuser angles 0, 3, 7, 9, and 12 degrees.

1.1 Diffuser design

The diffuser itself accelerates the current before it,
thus helping to produce downforce [4, 5]. The term used in
the development of a diffuser is the ground effect, i.e., to
induce under the vehicle a venturi like an effect. Under
such a car, a nozzle proliferates the air velocity under the
vehicle, and a throat created where the peak velocity
occurs, and then a part called an undertray slows this air
back down to the speed of the free stream. The research
proposed by Cederlund et al. has shown that the structures
of the fast cars ' rear wheels and wings have a significant
effect on the airflow through the diffuser [6].

The Formula 1 grid embroiled in controversy in 2009.
The culprit was the so-called double-decker diffuser
developed by Brawn GP, WilliamsF1, and Toyota Racing
at first, but eventually put into use by each team. These
three teams took advantage of a loophole in the rules that
required the diffuser to have more size. The rules stated
that at a point associated with the centreline of the rear
wheels, the diffuser should end.
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1.2 Downforce

Everything about supercar is about maximum
performance, the absolute being the fastest car. The car
needs the power to be faster, but there is limitation to
increase as much as possible to the car’s power. To
overcome a certain limitation, the wheels must have forced
to ground. It can achieve by increasing weight, but weight
aggravates handling and needs more strength. So virtual
weight is essential because we can get downforce and the
airflow around the car. For example, an aeroplane can fly
if we have a wing, but if we put its wrong place, the result
will change.

Usually, the term "lift" is used in the aerodynamic
induced force acting on the surface. Whether "positive lift"
(up) or "negative lift" (down) indicated in its direction. For
ground racing aerodynamics such as cars, the word "lift”
generally avoided as its sense is interpreted almost always
as positive, i.e., the vehicle lifted off the surface. It is,
therefore, important to continuously view the term
"downforce" as a negative force.

Fp =05xCy x AxV?2 1)
where,
Fo : Drag force
Ca : Drag coefficient
A Frontal area
V' Velocity

The performance of these characteristics depends
primarily on the effective. Efficient use of drag and
downforce-both of which is regulated by the physical
principles described by the formula of Bernoulli. The
simplest and most common theories of aerodynamic lift
invoke the rule of Bernoulli, which in turn derives from
Bernoulli's theorem [7]. His formula, studied at the
beginning of the 1700s by Daniel Bernoulli [8], describes
the physical laws for which the most aerodynamic rules
exist.

2. Previous Works
2.1 Numerical simulation

CFD is a modern computational analysis tool that
offers numerical solutions to solve fluid flow governing
equations (Navier-Stokes equations) as in equation 2, to
simulate certain physical conditions. Due to the increase in
computational power over the past two decades, the other
significant influence on the CFD market was the growth of
CAD technology, which allowed the creation and
parametrisation of complex real-world geometries [9].

p% =-Vp+pg+uVV @)

Engineers can quickly analyse and develop new
design ideas without the need for expensive model testing
by using both CAD and CFD software. It is only a
simulation of what might happen in the real world, and the
numerical solution depends heavily on user-defined
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elements (mesh generation and modelling of turbulence).
These modelling techniques have a significant impact on
the quality of the numerical solution, especially in the
prediction of flow separation (in smooth curved surfaces)
and the transition from laminar to turbulent flow at high-
Reynolds [10].

2.2 Wind Tunnel Testing

Since a CFD simulation’s ability to predict flow
behaviour depends on the modelling techniques used,
validating and correlating CFD results with physical
testing is very important. It can do by road or track testing
but using scale-model wind tunnel testing is a more
straightforward and more practical option. Such facilities
provide a controlled test environment protected from
external weather effects in addition to cost savings.

During the 1960s, when the importance of
aerodynamics was recognised, wind tunnel techniques
became an essential tool in the development of race cars.
At this time, the aerospace industry had already built and
commonly used such methods, but such facilities
introduced some difficulties in testing race cars. The main
problems are due to the low clearance between the
underground vehicle and the test section's stationary floor
and the spinning wheel mounting [11]. These are
significant steps to be considered when measuring vehicle
performance, and for such cases, it is necessary to simulate
the moving ground [12].

Katz recorded solutions for simulating the moving
ground simulation in the form of blowing, suction, rolling
ground, symmetry, or all of them combined with rotating
wheel mounting techniques [13]. Customised wind tunnel
facilities were expanded rapidly through the 1980s and
1990s and developed for general automotive and race car
testing, all with moving ground simulation. To avoid or
minimise the effects of blockage and generation of
boundary layers, the working section area, model size, and
correct number of Reynolds must be carefully selected to
predict full-size model aerodynamic behaviour accurately.

3. Methodology
3.1 Diffuser Design

The graphical sedan model shown in Fig. 1 is
simplified in order to reduce computational costs. Since it
desired to study the effects of diffuser angle on the
vehicle's aerodynamic properties, the simplified two-
dimensional cross-section of an actual vehicle is used in
simulation. The length and height are shown in Fig. 1, and
the specifications of the rear diffuser are demonstrated in
Fig. 2. The maximum length of the rear diffuser device was
set at 720 mm due to the storage constraint. Except for the
different configurations of the rear diffuser devices, all
other factors in the automobile configuration and analysis
conditions were identical.

Due to the symmetrical geometries and numerical
simulation without side wind effects can be considered as
symmetrical flow-field [15-17], a half model was used in
the simulation in order to allow quicker solution of the



Journal of Complex Flow, Vol. 2 No. 2 (2020) p. 32-36

model with a more refined mesh. For the numerical studies
an idealized computational domain with a constant
rectangular cross-section was used. The computational
domain’'s L x W x H is 53000 mm x 5200 mm x 5800 mm.
In other words, the domain extended around four times the
vehicle length to the front and six times to the rear.

1455 mm

4592 mm \
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Fig.1 - Parameter of car model [14]

To observe the diffuser angle effects, six separate
numerical simulation cases performed. In these cases, the
angle of the diffuser is set to 0°, 3°, 7°, 9°, 12° and 15°
respectively. The size of diffuser shown in Fig. 2.

B : Diffuser angle

&
)

Fig. 2 - Size of diffuser [14]

The different parameters that considered during the
development of the diffuser were the angle of the inlet,
angle of the outlet, starting point, ground clearance,
pressure, and velocity.

3.2 Simulation setup

The model has six different model degree outlet angle
in 2-dimension. The material air is selected. The inlet
velocity set to 25 meters per second (m/s) for boundary
conditions. The following Table 1 indicates the properties
used for simulation.
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Table 1 — Boundary conditions

Parameter Values
Reynolds number, Re 300,000
Air density, p 1.225 kg/m?
Alir viscosity, 1 1.8 x 10° kg/ms
Air velocity, v 25 m/s
Inlet velocity 90 km/h
Pressure outlet Preference = 0 Pa
Upper and lower wall No-slip walls

For the simulation, FLUENT software was used.
During the analysis, a coupled equation system using a
preconditioning method is wused to improve the
convergence performance. 2" order upwind difference
scheme is used as the main scheme to solve the Navier-
Stokes equations is used and realizable k-e model as the
turbulence model. The realizable k-e model is chosen in
the vicinity of walls because it is proved that the model
gives the best match with the experimental results [18].
Finally, a drag coefficient, Cq values for a passenger car
with six types of rear diffusers are evaluated through
steady analysis solutions that are fully converged.

4, Results and Discussion

Total drag for various diffuser angle of the sedan was
shown in Table 2. Fig. 3 has shown the change curve of
total drag versus diffuser angle. From Table 2 and Fig. 3,
we can see that when the diffuser angle varied from 0° to
12°, the total aerodynamic drag coefficients of car first
decrease and then increases. There is a diffuser angle at
which the sedan can obtain the minimum drag coefficient.

Table 2 - Drag coefficient for various diffuser angles

Case Diffuser angles  Drag coefficient, Cq
1 0° 0.7841
2 3° 0.7718
3 7° 0.7487
4 9° 0.7573
5 12° 0.7722
6 15° 0.7784
0.8
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Fig. 3 - Total drag coefficient versus diffuser angle
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Fig. 4 to 9 were the velocity contours derived from
the numerical simulation. From the calculation results, we
can find when the diffuser angle varied from 0° to 12°,
pressure distributing on the top of body and the front of
body changed little. As seen in the figure, with the increase
of diffuser angle, the distribution area of velocity on the
rear of the body first increases and then decrease. The
distribution area velocity reach peak at diffuser angle of 7°.

Difference of velocity distribution on the rear of the
body lead to differential pressure of the body surface varies
from case to case, which results in the total aerodynamic
drag coefficients of car first decreasing and then increasing
while diffuser angle changes. From the velocity
distribution, we can relate with the pressure distribution
where the increase of diffuser angle, negative pressure is
generated at the underbody interface and the region of the
negative pressure become larger and larger. At the same
time, the positive pressure generated at the edge of
underbody decrease. When diffuser angle is changed to 9°,
there is not any positive pressure distributing at the edge of
underbody. The increase of negative pressure distribution
and the decrease of the positive pressure distribution on the
underbody lead to increase in differential pressure of the
body surface, which results in decreasing of total
aerodynamic lift coefficients.

e a
Fig. 4 - Velocity distribution of rear side of the
automobile for 0° diffuser angle

Fig. 5 - Veloci distribution of rear side of the
automobile for 3° diffuser angle

Fig. 6 - Velocity distribution of rear side of the
automobile for 7° diffuser angle
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Fig. 7 - Velocity distribution of rear side of the
automobile for 9° diffuser angle
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Fig. 8 - Velocity distribution of rear side of the
automobile for 12° diffuser angle

Fig. 9 - Velocity distribution of rear side of the
automobile for 15° diffuser angle

4.1 Contour of 3-D simulation

In Fig. 10, the streamline behind the vehicle can be
seen for diffuser angle of 7 degrees. From the streamline
and pressure contour of the sedan, it can be found that the
flow field after the sedan has an obvious change. It can be
seen obviously the wake structures after the car of all cases
are different.

wn

Velocity distribution
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Fig. 10 - Pressure, velocity and streamlines of rear side
for 7° diffuser

5. Summary

The aerodynamic characteristics of a simplified sedan
with different diffuser angles were studied by using
numerical simulation. The study was done at the situation
that ground clearance of the sedan was fixed. From the
study, it was observed that the change of diffuser angle has
a great influence on wake and the underbody flow behind
the rear wheels. The total aerodynamic drag coefficients of
sedan are first increasing then decreasing with increasing
diffuser angle. From the obtained results, an appropriate
diffuser angle at which the total aerodynamic drag
coefficient of sedan has a minimum value.
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