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Abstract—This work was one of the tasks of the
Manufacturing2Client project, whose objective was to develop a
frontal deflector to be commercialized in the automotive industry,
using new project and manufacturing methods. In this task, in
particular, it was proposed to develop the ability to predict
computationally the aerodynamic influence of flow in vehicles, in an
effort to reduce fuel consumption in vehicles from class 3 to 8. With
this aim, two deflector models were developed and their aerodynamic
performance analyzed. The aerodynamic study was done using the
Computational Fluid Dynamics (CFD) software Ansys CFX and
allowed the calculation of the drag coefficient caused by the vehicle
motion for the different configurations considered. Moreover, the
reduction of diesel consumption and carbon dioxide (CO,) emissions
associated with the optimized deflector geometry could be assessed.
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[. INTRODUCTION

RAG force reduction remains one of the main challenges

in vehicle aerodynamics research, since fuel consumption
and, consequently, CO, emissions can be significantly reduced
if aerodynamic drag decreases [1]-[3]. Due to their large
dimensions and weight, trucks are submitted to high drag
forces, which are higher the greater the vehicle speed forces,
in particular those derived from aerodynamic drag as shown in
Fig. 1. The drag force is an aerodynamic force that opposes to
the vehicle motion, due to the combined effects of air friction
in the vehicle walls and pressure forces of the air motion. The
drag coefficient is calculated analytically through (1) where C,
is the drag coefficient, F,; the drag force, p the air density, v
the vehicle velocity and 4 the frontal area.
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It is reported in the literature that a typical truck with an
average drag coefficient of 0.6 and driving at 110 km/h spends
65% of its fuel overcoming aerodynamic drag [4], [5]. In

addition, it is pointed out that 70% of the break power of a
vehicle engine is consumed to overcome the aerodynamic drag
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generation of the vehicle at 100 km/h [2]. A reduction in drag
force results in a fuel consumption reduction, which would
both save money and conserve natural resources [1]-[6]. This
can be attained by several strategies. It is recognized that one
of the most effective methods to reduce drag is to change the
body vehicle geometry through e.g. the use of deflectors. This
is because the aerodynamic force mainly depends on the body
shape of the vehicle [5], [6]. It is, however, of paramount
importance to have efficient means to understand the flow-
field around the vehicle and in its wake in order to design,
develop, and test under operational conditions aerodynamic
devices that would improve vehicles fuel economy [6]. In this
work, Computational Fluid Dynamics (CFD) flow simulations
were performed using Ansys CFX, to assess the flow structure
around the vehicle and the influence of frontal deflector
geometries on vehicle aerodynamic coefficients, with the aim
of increasing fuel efficiency in vehicles from class 3 to 8.

Contributors to Horsepower Demand
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Fig. 1 (a) Horsepower requirements versus vehicle speed; (b) Target

areas and (c) streamlines of aerodynamic drag distribution for a truck
with and without deflector [3]

I1. COMPUTER FLUID DYNAMICS SIMULATION

The Ansys CFX computational tool was selected to perform
the aerodynamic analysis of the three alternative
configurations considered as illustrated in Fig. 2: (a) without
deflector; (b) 1** deflector model and (c) 2™ deflector model.

For each configuration, two simulations at two different
speeds, 60 km/h and 120 km/h, were conducted.

In terms of simulation parameters, the boundary conditions
of flow were set up and the turbulence k-¢ method was chosen.
Although being the simplest, using only two equations, this
method is recognized as robust and suitable for early iterations
[2], [7]. Taking into account the experimental conditions and
requirements for obtaining a higher computational accuracy,
the following simplifications were considered for simulation
purposes: i) the influence of small devices such as wing
mirrors, is not considered; ii) the temperature, pressure and
viscosity of the reference air are constant; iii) the air behaves
as an incompressible fluid; and iv) the flow around the truck is
stationary.

Fig. 3 shows, for a velocity of 120 km/h, the pressure
distributions on the front of the truck for the three alternative
configurations. It can be concluded that without deflector there
are two main zones with a high pressure in the vehicle front.
With the deflector, the high pressure zone above the truck cab
is dissipated, which means that the air that is incident on the
vehicle front has a more uniform distribution. This dissipation
is greater for the 2™ deflector model, which proves its better
aerodynamic behavior. Figs. 4 and 5 show, respectively
without deflector and with the 2™ deflector model
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configurations, the pressure and velocity contours for the
lateral panel of the truck at a velocity of 120 km/h. It can be
concluded that with the configuration corresponding to the 2™
deflector model both pressures and velocities are significantly
reduced. Once again it is demonstrated the superior
aerodynamic performance associated with the 2™ deflector
model.

(b)
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Fig. 2 The three alternative configurations: (a) without deflector; (b)
1% deflector model and (c) 2™ deflector model

Knowing the pressures involved and the forces applied on
the different configurations, drag coefficients were calculated
for speeds of 60 km/h and 120 km/h using (1).

Table I summarizes the drag coefficient values for the
configurations and velocities considered. From the results
presented in Table I, it can be concluded that with the 2™
deflector model, the drag coefficient significantly decreases;
resulting in improved vehicle performance and thereby
reducing fuel consumption.
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A calculation of fuel consumption was carried out for the
different configurations and velocities. For a velocity of 120
km/h, the use of the 2™ deflector model leads to a fuel
consumption corresponding to a less 5.62 L/100km/h when
compared with the no deflector configuration as shown in Fig.
6. In short, a reduction of fuel consumption of about 15% and
7% was achieved with the 2™ deflector geometry when
compared with the configurations of no deflector and 1
deflector model, respectively.
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Fig. 3 Pressure fields for the configurations: (a) without deflector, (b)
1 model and (c) 2™ model deflector

(b)
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Fig. 4 Simulation results without deflector configuration: (a) pressure
contour on the front of the truck; (b) pressure contour on the lateral
panel of the truck and (b) velocity contour on the lateral panel of the

truck
TABLE 1
DRAG COEFFICIENT FOR THE CONSIDERED CONFIGURATIONS
Configurations Cq
Without deflector — 60 km/h 1.080
Without deflector — 120 km/h 1.084
With 1st Deflector — 60 km/h 0.990
With 1st Deflector — 120 km/h 0.993
With 2nd Deflector — 60 km/h 0.9251
With 2nd Deflector — 120 km/h 0.9254

III. CONCLUSION

In order to reduce the drag force to which vehicles from
class 3 to 8 are submitted, two alternative models of frontal
deflectors were developed. The aerodynamic influence of the
application or not of a frontal deflector in vehicles was
analyzed through CFD simulations. A 2" deflector model
resulted from an optimization procedure of the 1% deflector
model developed.

From CFD simulation results, it was concluded that
applying the 2nd deflector model, at 120 km/h, the
aerodynamic performance increased approximately 7% and
15% in comparison with the 1 and no deflector models,
respectively. The differences found between the two
alternative deflector models developed were due to the fact
that the 1* model did not have the height well-adjusted to the
back cargo. Using the 2™ model of the frontal deflector annual
savings of 6825 € can be realized, assuming an annual average
distance traveled of 100000 km and a diesel price of 1.024
€/L. Distributors can, in this way, contribute for the reduction
of CO, emissions. Using the 2™ deflector model, the
emissions of CO, are reduced by 17860 kg CO, for the same
100000 km/year, assuming that the combustion of 1 liter of
diesel fuel releases 2.68 kg of CO,. Finally, it is worth to
report that a prototype of the 2™ frontal deflector model has
been produced. The production process will be addressed in a
forthcoming publication.
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Fig. 5 Simulation results with the 2™ deflector model configuration:
(a) pressure contour on the front of the truck; (b) pressure contour on
the lateral panel of the truck and (c) velocity contour on the lateral
panel of the truck
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Fig. 6 Diesel consumption at 120 km/h for the configurations with
and without the 2nd deflector model
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