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Abstract

The aerodynamic drag acting on the body of the car moving at high speeds consumes a significant portion
of the engine’s power. This is one of the causes of increased fuel consumption and environmental pollution.
Aerodynamic lift acting on the tire will change the grip weight at the axles which can lead to wheel lift. This paper
presents the method and some calculation results to determine the drag coefficient and lift coefficient on some
popular cars in Vietnam using Fluent software. The calculation results show that, when the moving speed of the
passenger car increases, the value of the drag coefficient, the corresponding lift coefficient. The research results
are important parameters in in-depth studies on aerodynamics in order to reduce drag and increase the traction
weight of cars when moving at high speed.

Keywords: Drag force; liff force; drag coefficient; lift coefficient; Fluent.

Tom tat

Lwc can khi dong tac dung 1én vé xe 6td chuyén déng véi van téc cao tiéu thu mot phan dang ké cong suéat
cla déng co. Day la mét trong nhirng nguyén nhan lam gia tng murc tiéu thu nhién liéu va & nhiém maéi trwéng.
Lwc nang khi déng tac dong I1én vo xe sé thay déi trong lwong bam tai cac cau xe cé thé dan t&i nhac banh xe.
Bai bao trinh bay phwong phap va mét sé két quéa tinh toan xac dinh hé sé lwc can, hé s lwc nang trén moét s
xe 6 t6 théng dung tai Viet Nam bang phan mém Fluent. Két qua tinh toan cho thay, khi van téc chuyén déng
cla xe ting 1&n gia tri hé sé lwc can, hé sb lwc nang gidm twong (rng. Cac két qua nghién ctru 1a thong sé quan
trong trong cac nghién ctru chuyén sau vé khi déng hoc nham gidm lwc can va tang trong lwong bam cia xe 6td
khi chuyén déng & toc dé cao.

T khoa: Luc can; luc ndng; hé $6 luc can; hé sé luc nang; Fluent.

1. INTRODUCTION

_1 2
When the vehicle is moving on the road, the D= EACDpV (1)
aerodynamic force adversely affects the working quality  \Where:
of the car. Frontal air resistance increases the vehicle’s
total resistance to the vehicle’s movement, thereby
increasing the vehicle’s fuel consumption, especially at
high speeds, because this resistance is proportional to  C,,: Drag Coefficient;
the square of the transportation speed of the motion of  p: Air Density;
the car. Frontal air resistance increases the vehicle’s
total resistance to the vehicle’s movement, thereby
increasing the vehicle’s fuel consumption, especially at
high speeds, because this resistance is proportional to
the square of the transportation speed [1]. Theoretically,
aerodynamic drag is determined by the formula:

D: Aerodynamic Drag;
A: Front Bumper Area,;

v: Air Flow Velocity.

When the car is in motion, the airflow above the hood
moves longer distances than the airflow below the
car, and the front is faster than the rear. So, according
to Bernoulli’s principle, the different velocities of the
airflow will pressure difference to create a lift force that
reduces the tire’s grip on the road. Like drag, the lift is
proportional to the vehicle’s floor area, the square of the
velocity, and the coefficient of lift (C ) — which depends
on the vehicle’s shape. The lift can be excessive at
Reviewer: 1. Prof.Dr. Nguyen Thanh Cong high speeds and adversely affect vehicle movement.

2. Dr. Dao Duc Thu The lifting force is concentrated mainly in the rear. If the
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lift is too large, the rear wheels will slip, which is very
dangerous, especially when the vehicle runs at high
speed. Manufacturers have installed a rear spoiler on
cars to reduce the lift value without affecting too much
drag [2]. The formula determines the aerodynamic lift
force:

L= %A(:va2 )

Where:
L: Aerodynamic Lift;

C,: Lift Coefficient.

In order to reduce C,, C, needs to have in-depth studies
in both theory and experiment to identify the influencing
factors, on that basis, to propose appropriate structural
improvement solutions.

To describe the turbulent flow surrounding the tire,
the researchers used the Reynolds Navier - Stokes
averaged equation (Reynolds Average Navier Stokes,
abbreviated RANS):

ou =0 (3)

N P —=
atui+ujajui—-Eajp+gaj(rij-puiuj) (4)

In the above equations, the three-direction velocity
components u, and liquid pressure p are described as
follows:

u; = U +u'; p=p+p’ (5)

Where u, 5 is the mean value and u',p' is the variable
component of velocity and pressure.

To describe the stress of turbulent currents ritj =-plTu;
different models are used depending on the specific
requirements of the problem

However, the current theoretical studies are based on
numerically solving the Navier - Stokes equation with
the support of super-powerful computers. In addition,
experimental studies require suitable equipment
and are very expensive, which is a great difficulty for
researchers in Vietnam.

With the above difficulties, the authors used specialized
software Ansys - Fluent to simulate the airflow around
the tire and, from there, calculate and determine the
drag coefficient C, the lift coefficient C,. This efficient
and highly accurate flow simulation tool is accepted
and used by many researchers worldwide [3]. In this
article, the authors will study and calculate the drag
and lift coefficients on three commonly used models
in Vietnam: Toyota Corolla Altis, Toyota Innova, and
Honda CRV at moving speeds: 60 km/h, 80 km/h,
100 km/h and 120 km/h.

LIEN NGANH CO KHI - DONG LUC

2. MODEL, COMPUTATIONAL SPACE,
MESHING, AND BOUNDARY CONDITIONS

2.1. Building 3D models

In the computational simulation of CFD numbers, it is
necessary to build a simulated computational model.
In this study, based on the dimensions of the reference
bus. The car model is simulated in 3D space using
SolidWorks 2016 software. This is the first step and
also an essential step in the process of numerical
simulation CFD calculation.

When performing the simulation, in order to match
the computing power of the computer but still ensure
the correctness, reliability, and compatibility of the
research problem with reality, the paper uses the
following assumptions.

- The tire model is rigid; there is - no deformation of the
tire during the simulation.

- Ignore the heat exchange between the tire and the air.

- The tire’s surface is smooth, and the undercarriage
is flat (regardless of other elements of the car, such as
wipers, ribs, ledges, door handles,...).

- The airflow velocity at the inlet of the simulation space
has a direction parallel to the longitudinal axis of the
vehicle, blows in the direction from the front to the rear
of the vehicle and has a constant value during the
simulation.

- The air velocity at the surface of the tire and the
confines of the simulated space is 0 m/s.

The 3D model of the reference Toyota Corolla Altis is
shown in Figure 1.

Figure 1. 3D model of Toyota Corolla Altis

2.2. Building the domain of computational space

Ifthe calculation space is too large, it requires a powerful
computer configuration and a long computation time.
Therefore, in order to match the computer used in
the research process and still ensure the accuracy
of a CFD simulation problem, the meshing space is
determined as follows: the simulation space’s length
xwidthxheight dimensions are adjusted to 54000x
14000x25000 (mm).

The meshed space is the area of the space surrounding
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the object, which is limited during the simulation. The
dimensions of this space are selected so that the
simulation problem is close to the actual operating
conditions to achieve the results with high accuracy
and reliability and the computational volume.

3.2. Meshing the model

Meshing is the discretization of the simulation space
into elements to perform numerical approximation
(in Fluent, the finite volume method). The selection
of grid type, number of elements, mesh size, and
mesh density depends on the nature of the simulation
problem, required accuracy of simulation results,
available computer configuration, and time to perform
the problem simulation.

With the current 3D model, the essential element
types used to form the mesh are tetrahedral elements,
prismatic elements, pyramidal elements (pyramids),
and hexahedral and polyhedral elements. Because the
surface of the car tire is complex (there are many small
surfaces with different curvatures), the paper uses a
tetrahedral mesh to ensure responsiveness to models
with complex structures [4].

To ensure the convergence requirements of the
simulation problem, Fluent recommends that users
mesh according to the requirements: Min Orthogonal
Quality > 0,1 and Max Skewness < 0,95.

During the papers simulation, the convergence
evaluation index results are presented in Table 1.
These values are consistent with the recommendations
of Fluent software.

Table 1. Skewness and Orthogonal Quality indexes
during simulation

Parameter Min Max |Average
Skewness 1,84e-4 0,83 0,22
Orthogonal Quality 0,14 0,98 0,79

2.3. Solution settings

Fluent software offers turbulent models (approximately
solved by iterative method) as follows: k - epsilon
(2 egn); k - omega (2 eqn); Transition k-kl-omega
(3eqn); Transition SST (4 eqn); Reynolds Stress (7
eqn); k — omega (2 eqn); Scale — Adaptive Simulation
(SAS); Detached Eddy Simulation (DES); Large Eddy
Simulation (LES).

The author chooses the algorithm of the k - turbulent
epsilon model (2 eqn) with the boundary layer condition
Non-Equilibrium Wall Functions [5].

Because the air velocity is not too large, the simulation
is selected based on “Pressure” with some basic
parameters as follows:

Table 2. Algorithm settings

Simulation 3D
Processing Option Serial

Pressure - Velocity Coupling
Scheme Coupled
Time Steady

Solver

Gradient Iéziztd Squares  Cell
Pressure Standard
Momentum First Order Upwind
Turbulent Kinetic Energy First Order Upwind
Turbulent Dissipation Rate |First Order Upwind

3. RESULTS AND DISCUSSION
3.1. Velocity, pressure spectrum

Figure 2 illustrates the pressure spectrum at the
longitudinal plane of the reference vehicles.The results
show slight pressure at the boundary layer close to the
tire surface. The rear of the car has little pressure. This is
consistent with claims about the aerodynamics of cars.

Figure 2. Pressure spectrum of reference vehicles at
20 m/s

Figure 2 illustrates the velocity vector at the longitudinal
plane of the vehicle. The results show that, at the
surface of the tire, the velocity vector is 0. At the rear
of the vehicle, the velocity vector is small because
this is the tangled area at the rear of the vehicle. The
velocity vector above the car has a larger value than
the velocity vector below the car (under the car).
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Figure 3. Velocity vector in the longitudinal plane of
the vehicle

Figure 4. Velocity spectrum at vehicle longitudinal
symmetry plane

Figure 4 illustrates the velocity spectrum at the
longitudinal plane  of vehicle symmetry. The result
shows that the vehicle’s rear has a small velocity
value (shown in blue). This is entirely consistent
with aerodynamic theories since this is the vortex on
the side.

At the rear of the car, this area has a low speed
and pressure. Velocity value increases when moving
away rear.

3.2. Cofficient of aerodynamic drag

The coefficient of air resistance is determined from
formula (1). The air resistance value is calculated using
the specialized software Fluent.
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Figure 5. Drag coefficients of some cars

Figure 5 shows drag coefficients of popular cars Corolla
Altis, Innova, CRV at different speeds. Comment:
when the moving speed increases, the value of drag
coefficient decreases accordingly.

Specifically, when the vehicle is moving at a speed
of 60 km/h, the value of the drag coefficient of Toyota
Corolla, Toyota Innova, Honda CRV are respectively
0,292; 0,311; 0,322. However, when the velocity
increases to 120 km/h, the value of the drag coefficient
of Toyota Corolla Altis, Toyota Innova, Honda CRV are
respectively 0,278; 0,299; 0,307.

3.3. Coefficient of aerodynamic lift

The aerodynamic lift coefficient is determined from
formula (2). The air resistance value is calculated using
the specialized software Fluent.
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Figure 6. Lift coefficients of some cars

Figure 6 shows lift coefficients of popular cars Corolla
Altis, Innova, CRV at different speed

Comment: when the moving speed increases, the
value of the lift coefficient increases accordingly.

Specifically, when the vehicle is moving at a speed
of 60 km/h, the value of the lift coefficient of Toyota
Corolla Altis, Toyota Innova, and Honda CRV is
respectively -0,129;- 0,086; -0,068. However, when
the moving speed increases to 120km/h, the value of
drag coefficient of Toyota Corolla Altis, Toyota Innova,
Honda CRV is -0,155; -0,097; -0,082.
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5. CONCLUSION

The content of the paper has achieved the following
main results:

Determine the drag coefficient of 3 popular tourist cars
at different moving speeds: 15:5:30m/s. The results
show that the drag coefficient decreases accordingly
as the moving speed increases.

Determine the lift coefficient of 3 popular cars at
different moving speeds. The results show that when
the speed of motion increases, the lift coefficient
increases accordingly.
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