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Abstract: As the manufacturers of the motor vehicles generally use their own wind tunnels to test the real vehicle's
performances, especially in the final stage of vehicle design, though the development of prototype starts from defining
external aerodynamics of the vehicle model using experimental research and numerical simulation. Today, there are a
number of different commercial software designed for the numerical simulation of the external aerodynamics, that show
the different air flow images around and especially behind the vehicle depending on the different turbulence models.
Therefore, the improvement of prototype implies the testing of the vehicle model in the wind tunnel in order to reach the
optimal numerical model for the air flow simulation around the vehicle. This paper presents the results of the numerical
simulations of the air flow around the vehicle model compared to the experimental results. The results obtained by
numerical simulations and experimental research, enable an analysis appointing the existing problems and appropriate
numerical methods considering improvement of the vehicle aerodynamics based on the development of the vehicle model.
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INTRODUCTION

During the vehicle motion the road resistances can
appear as follows: rolling resistance, aerodynamic
strain, accelerating resistance, road grade and
eventually trailer resistance. The consequence
followed by increase of these resistances is the fuel
consumption and the pollutants emission raise. As the
accelerating resistance dominates in the overall road
resistances during the urban driving due to the
frequent changes of the vehicle speed meanwhile air
strain dominates during the drive along the highways,
where the vehicle speed achieves 80 km/h or more.
Therefore,  considering the motor  vehicle
development, a maximum attention is dedicated in
the field of the air strain reducing. The parameters
that directly affect to the air resistance are: A - frontal
area of the vehicle, v — speed of the vehicle and C , —
aerodynamic strain coefficient[1].

Considering the wishes of the wusers of the
transportation means related to achieve higher speed,
options like reducing the frontal area of the vehicle
and the strain coefficient cx to reduce aerodynamic

strain must be achieved. As reducing the frontal area
of the vehicle have an impact to the comfort
reduction, the most influential parameter for the
aerodynamic strain optimization becomes the
aerodynamic strain coefficient C ,.

Determination of the strain coefficient requires very
complex experiments in the wind tunnels. The
experimental method requires existing of very
expensive equipment, like the wind tunnel at the first
place. Only very successful car manufacturers and
some test centers are able to have expensive wind
tunnels enabling the real motor vehicles research.
External aerodynamics research also can be
performed by the vehicle model, scaled in specified
ratio as it is presented in. In this way, using the less
complex laboratory equipment, the good results can
be obtained which could be useful in the verification
of the many numerical software simulation methods
related to the air stream around the vehicle body[2]-

[4].

In this paper, the possibilities of the external
aerodynamics research around the wvehicle body,
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experimental results gained and their comparison
with the numerical methods are presented. Based on
the experimental results and using the numerical
methods, appropriate recommendations are given for
the further research work.

EXPERIMENTAL RESULTS OF THE
AERODYNAMICS OF THE VEHICLE MODEL

The first steps in the field of the vehicle model
external aerodynamics research by these authors had
started at Mechanical Engineering Faculty,
University of Sarajevo in year 2006. In these days,
the tests had been based on determination of the
aerodynamic strain force when the balance (equality)
between the weights of the known mass and the air
strain force have been established. Continued
research that followed during 2008 has been based on
the implementation of the modern measurement
methods where the use of the strain gauges could
accurately determine the aerodynamic strain force
and determine the aerodynamic strain coefficient as
well. Obtained results of this experiment are
presented.

However, basic drawback of the previously
performed measurements laying on the fact that the
vehicle model is 3-5 times of its length away from
the outlet nozzle of the wind tunnel and didn’t give
the possibility to determine the pressure field around
the model of the vehicle what is very important in
order to define the external aerodynamics.
Considering those drawbacks, the idea consists of
forming the extension nozzle came up and so, in fact,
placing the wvehicle model in the nozzle
superstructure, as shown in Fig. 1. Thus, the uniform
velocity of the air flow in front of the vehicle model
have been achieved, and in addition to that, the use of
the nozzle superstructure made the installation of the
devices measuring the pressure around the vehicle’s
model possible to perform[5].

ol

Fig 1: Superstructure of the nozzle extension of
the wind tunnel

Description:

1 — Measuring probe carrier for determining the
pressure around the vehicle model

2 — Nozzle superstructure (extension) of the wind
tunnel

3 — Vehicle model

As the wvehicle testing model of the external
aerodynamics, the model of Peugeot 407 Coupe in
the scale of 1:18 have been used. At that time, the
values of the air velocity, pressure around the vehicle
model and the air resistance were measured. For this
purpose, the measuring equipment have been used
was next: pressure gauge FLUKE FL 922 with the
Pitot — Prandtl probe and with the characteristics as
follows: + 4000 Pa / 1 Pa/ £ 1% + 1 Pa, and
dynamometer LUTRON FG 5005 with the
characteristics as follows: + 5000 g/1g/ %0, 4 %.
Using the pressure gauge FLUKE FL 922 data
containing the values of the air stream velocity in
front and behind of the vehicle model have been
obtained, as shown in Fig. 2, as well as the values of
the static pressure, for a different flow velocities,
around the vehicle model, as shown in Fig. 2[6].
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Fig 2: Velocity profile of the air stream in front
and behind of the vehicle model

Based on the results shown in Fig. 2, it is obvious
that the superstructure attached to the wind tunnel
nozzle achieves that the air stream in front of the
vehicle model be kept uniform what justifies the
initial assumptions. However, the velocity of the air
flow have been measured behind the vehicle model
as well, where the disruption of the air flow and
possible turbulence was noticed behind the vehicle
model and the platform keeping the vehicle model in
place in order to measurement makes possible. Since
this paper only analyzes the flow around the vehicle
model in terms of the speed and the pressure of the
air stream, on this occasion, the value of the
aerodynamic strain coefficient of the vehicle model is
not going to be determined[7].

The values of the static pressure around the vehicle
model, for the velocities of air flow given in Fig. 2,
are given in Fig.3.

150
Vehicle model length, mm

Fig. 3. Distribution of the static pressure values
along the vehicle model for different velocities of
the air stream

Considering the results shown in Fig. 3 it can be
concluded that the increased air flow rate leads to the
increased pressure in the front of the surface of the
vehicle model below the hood and on the windshield
as well. Following the shape of the roof towards the
rear glass and the hatchback, the pressure decreases.
Significant fluctuations in the pressure caused by the
formation of the boundary layer and turbulence along
the end side of the vehicle model can be seen as well.
Especially this formation of the turbulence after the
rear glass and hatchback of the vehicle model has a
dominant influence in defining the turbulence, where
many numerical models are trying to give the answer
what is going to be presented in the next chapter[8].

NUMERICAL SIMULATIONS OF THE
VEHICLE MODEL EXTERNAL
AERODYNAMICS

The fact is in order to do the research of the external
aerodynamics, the substantial funds for the
experimental setup are necessary even for testing
vehicle model analyzed in this example, but applying
the numerical methods, the spending can be
significantly reduced. Although, the use of the
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numerical methods makes sense in order to obtain the
first results, which are very helpful in the phase of the
prototype development. Therefore, almost all
manufacturers of motor vehicles practicing to do
numerical simulation at first, then design a vehicle
model, perform the experimental tests, complete the
verification of the experimental results with the
results of the numerical simulations and continue
with further development in order to achieve the
optimal solution. In this way the significant savings
in time and money can be accomplished.

Today, various software implementing the numerical
simulation in the field of fluid mechanics can be
found on the market. The software chosen for the
purposes of this work was Ansys Fluent, because it
has the different methods of the turbulence
calculation has been built[9].

In order to reduce the hardware resources, the
longitudinal cross-section of the adopted vehicle
model have been chosen. The numerical mesh is
generated automatically with some additionally
refined characteristic area. The problem of the
external aerodynamics of the selected vehicle model
has been analyzed as a quasisteady problem where k-
€ model of the turbulence calculation was used. It is
important to note that in the case studies of the
external aerodynamics as an unsteady problem i.e.
transient problem, the use of DES and LES model of
the turbulence calculation in lieu of k-¢ is
recommended. The same parameters of the air flow
around the vehicle model obtained by the experiment,
have been used in the numerical simulation as well,
thus the initial conditions applied for this case are the
next:

Air flow velocities: vO = 21.8; 25.5; 28.8 and 32.5
m/s,

Static pressure: p0 = 101325 Pa,
Density of air: p = 1.21 kg/m3.

Due to the limited space provided for the text of this
paper, the comment and the analyze of the results
given below refer only to the calculations of the

pressure and the velocity of the air stream flowing
along at the speed of 32.5 m/s (Fig. 4 and Fig. 5). The
results of the numerical simulations at the other
velocities above (21.8; 25.5 and 28.8) will be shown
in order only to give a picture of that how the air
streamlines around the vehicle model are changing by
changing the initial speed, as it is shown in Fig. 6.
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Fig. 4. Air pressure around the vehicle model
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Fig. 5. Velocity of the air stream around the
vehicle model

In Fig. 6, the results of the air velocity for a given
speeds of the vehicle (the air stream velocities) of 21,
8; 25, 5 and 28, 8 m/s are presented.
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Fig. 6. Representation of the streamlines around
the vehicle model for different velocities (21.8;
25.5 and 28.8 m/s) of the air

Regarding the results of the numerical calculation, it
might be concluded that its similarity with the
experimental results is more than satisfactorily
considering the values of the static pressure (Fig. 4).
This is obvious in terms of the static pressure values
profile in the frontal area of the vehicle below the
hood and on the windshield. Emergence of the
turbulence behind the hatchback for different cases of
the initial velocities of the air stream, presented in
Fig. 5 and Fig. 6, is corresponding with the
experimental results shown in Fig. 2. Also, it is
obvious that increased initial velocity leads to an
increase of the turbulence behind the vehicle model,
what is clearly visible in Fig. 6[10].

CONCLUSION

This paper shows that the numerical simulation of the
external aerodynamics of the vehicle model as well
as of the real vehicles now may be implemented by
the average hardware resources. The development
and improvement in the external aerodynamics of the
vehicles using a computer with a various CFD
software installed, not only makes possible the
solving of the engineering problems quick and
efficient but it has become the standard in the
companies engaged in the production of the vehicles,

planes and vessels. These are all reasons why CFD is
becoming the standard for any development of the
vehicles aerodynamics in the future especially
considering the time and costs savings avoiding the
modeling of the external aerodynamics of the
vehicles by the experiment. Although, in order to
make a serious approach to the above problems, in
the case when precise results are required, the
experiment, that most often consists of the wind
tunnels tests must be performed. However, there are
some aspects of the calculation of the specific
components of the air stream that still require the
professional skills and experience in the research
work owing to the complex analysis in the form of
3D simulations for what the high-capacity computer
systems are required.
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