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Different types of aerodynamic forces such as drag, lift, and side forces
are induced in a car. Reducing drag force is necessary to improve fuel
consumption and driving characteristics. The compressor of the car
cooler is connected to the car engine through a belt and takes part of
the power of the car engine and increases fuel consumption. Some
drivers, particularly public transport drivers, turn down car windows
to varying degrees instead of turning on the car cooler which increases
drag coefficient and fuel consumption. In the present article, to
experimentally investigate the effect of low car windows on the drag
coefficient and fuel consumption, the drag coefficient of five different
modes of a sedan car (1- All windows are closed; 2- All windows are
open 3- The windows of the two front doors are open and the
windows of the two rear doors are closed 4- Half-open windows of the
two front doors and closed windows of the two rear doors 5- All the
windows are half open) was measured in a subsonic wind tunnel.
Because the drag coefficient is a dimensionless number, to reduce the
testing costs, a scaled-down model of the car with a scale of 1:30 was
used. By comparing model 2 to model 1, the drag coefficient increased
by 43%. By comparing models 3, 4 and 5 to model 1, the drag
coefficient increased by 30%.
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EXTENDED ABSTRACT

Introduction

Aerodynamics was first introduced to increase stability in race cars. Race car engineers
realized that air flowing around the vehicle could be used to increase downforce and reduce
aerodynamic drag on the car. Thus, the method could be transferred to reduce aerodynamic
drag on road vehicles to improve fuel economy. To decrease the amount of drag created by
a vehicle, automobile manufacturers began incorporating vehicle body designs that would
allow the vehicle to be more streamlined.

The flow of moving air relative to the car body has a direct effect on the stability, driving
characteristics, operation, fuel consumption and safety of the car. The aerodynamic force
plays an important role in the performance and stability of the car when it takes high speed.
Different types of aerodynamic forces such as drag, lift, and side forces are induced on a car:

Hence drag reduction is an essential process in vehicle aerodynamics for improving fuel
consumption rate as well as the vehicle driving performance. Due to the increase in demand
for automobiles that deliver high performance in addition to safety and economy, there have
been constant changes in the design of various parameters of an automobile such as the
outer body and its shape.

As mentioned previously, aerodynamic drag is the force that opposes the direction of
thrust of a car and is not desirable. Aerodynamic drag force is calculated by Formula (1).

2
As M

where V is airflow speed (m/s), pg;, is air density (kg/m3), Af is a cross-section of the
vehicle (m?) and C,, is Drag Coefficient.

Athigher speeds, the aerodynamic drag influences nearly 50% of fuel consumption. The
relation between change in fuel consumption and change in drag coefficient is:

AFC AC, MA; AV
x(=2+=L 43— @)

FC ~ o, " Y

where FC is fuel consumption, A¢is cross-section of vehicle, 7 is the property of driving
vehicle which is approximately 0.5 to 0.7 for car driving at highway speed and V is the speed
of the vehicle.

Methodology
Classification of wind tunnels based on Mach number

Wind tunnels are often denoted by the speed in the test section relative to the speed of
sound. The ratio of air speed to the speed of sound is called the Mach number.
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Table 1. Classification of wind tunnels based on Mach number.
Type of Wind Tunnel Mach number in the test section

1 Subsonic M <038
2 Transonic 08<M<1.2
3 Supersonic 12<M<5
4 Hypersonic M>5

Experimental setup

The aerodynamic study of the car model scale ratio 1:30 was employed using a subsonic
suction-type wind tunnel. The open-type subsonic wind tunnel (Figure 1) which is utilized
in this work with a test cross-section is approximately 30 cm x 30 cm.
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Figure 1. Subsonic wind tunnel.

Airflow speed in the test section and drag coefficient were calculated by formulas (3)
and (4), respectively.

so [22P @)
pair

Cp= 2
P AP x Af (4)

where AP is the difference between static pressure and stagnation pressure at the test
section (pa).

The blockage ratio of the wind tunnel is defined as the ratio of the frontal area of the
model to the wind tunnel inlet test section area and it should not exceed 7.5%. The blockage
ratio is calculated as 4.5% for this case since it is within the specified limit so the model can
be suitably tested in this test section configuration.

The compressor of the car cooler is connected to the car engine through a belt which
takes part of the power of the car engine and increases fuel consumption. Some drivers,
especially public transport drivers, bring down the car windows instead of turning on the
car cooler. In this article, the rate of increase in the drag coefficient in five different models
of the sedan car (1- All windows are closed; 2- All windows are open; 3- The windows of the
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two front doors are open and the windows of the two rear doors are closed; 4- Half-open
windows of the two front doors and closed windows of the two rear doors; 5- All the
windows are half open) was investigated in the subsonic wind tunnel.

Models 1 to 5 were installed respectively in the wind tunnel test section. In the wind tunnel,
wind flow was created with different speeds in the test section using a fan, and for each model
and at each speed, the difference of pressure in Pitot Tube and drag force were noted.

Results and discussion

Figure 2 shows the change of drag coefficient in five car models. For five models, the drag
coefficient was calculated at two different speeds and their difference is insignificant, this
shows the accuracy of the wind tunnel and the test.

e=f==Speed= 9.9 m/s e==@=Speed=14.48 m/s
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Figure 2. Drag coefficient in five car models.

By comparing model 2 to model 1, the drag coefficient has increased by 43% and the fuel
consumption athigh speeds increases between 21 and 30%. The drag coefficient is the same
in models 3, 4 and 5. By comparing models 3, 4 and 5 to model 1, the drag coefficient has
increased by 30% and the fuel consumption at high speeds increases between 15 and 21%.

Conclusion

The drag coefficient is one of the characteristics of any moving object (such as a car) in
the air, and by determining it, the drag force can be calculated. The car does not have a
regular geometric shape, so the only way to measure the drag coefficient of the car is to use
a subsonic wind tunnel. The drag coefficient is a dimensionless number, so in order to
reduce the test costs, the reduced model of the car can be used in the wind tunnel to measure
the drag coefficient. According to figure 2, car windows down, increase fuel consumption
and drag coefficient.
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