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Introduction

Nowadays, with the strong development of the automobile industry, the number of cars in circulation in the world is increasing,
so the use of fuel in the world is increasing, making the amount of oil in nature increasingly depleted. Therefore, this is also a
problem for car designers, producing cars with the most economical fuel consumption. (Lamballais E., Sylvestrini S.H., 2002)
[1, 14, 18]

There are many measures to reduce fuel consumption in cars such as designing engines with low fuel consumption, engines
using different energy sources and designing cars with suitable shapes to have the smallest drag coefficient (Cg). (Pham M.V,
Plourde F. and Doan Kim S., 2003) [2-3. 451,

Using numerical methods in finding solutions for engineering problems has been used more widely and more accurately. Among
those methods, the most prominent are methods such as: Finite Element Method, Finite Difference Method, Boundary Element
Method. Especially for problems related to hydrodynamics, people use the Finite Volume Method.

In this paper, we introduce some results of calculating the change in the drag coefficient in the case of changing the car's
maneuvering angle using FLUENT software. These results will be used to evaluate the established integral model.

2. Simulation method
2.1. Turbulence model k — ¢

The standard model uses the following two equations for and € :

% = div(pkU) = div(ﬂ grako +G,—pe

k
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&
with: G, is a quantity characterizing the turbulence dynamics (for every type of turbulence model this characteristic will be

different), C1 ¢, Cz ¢ : adjustable constants,: o, , 0, are Prandtl coefficients for k and € respectively.

2.2. Computational model
The car type selected for the calculation is Mercedes-Benz C180K CLASSIC, with parameters as in Table 1

Table 1: Mercedes-Benz C180K CLASSIC car parameters

No. Parameter Value
01 Length basic (m) 2,715
02 Length (m) 4,652
03 Width (m) 1,728
04 High (m) 1,426

05 | Distance from front axle to front of vehicle (m) | 0,755
06 Distance from rear axle to rear of vehicle (m) | 1,056
07 Wind resistance coefficient Cq 0,26
08 Total weight (kg) 1,965

The car moves on the road, so the car will move through the air stream. The air has a viscosity coefficient u= 1.789.10-° kg/m.s,
and a density of p=1.225 kg/m® The car moves at a speed of 40 m/s, corresponding to a Reynolds number of 4.10°. The
calculation space has dimensions selected as shown in Figure 1.

20m

4 Symmetric boundary conditions

Input velocity boundary conditions Qutput pressure boundary

conditions
4m

Gm

Solid boundary
conditions
Car

Cuiput velocity boundary conditions
/ {Solid boundary conditions)

Fig 1: Computational space and boundary conditions

2.3. Meshing and boundary conditions

Mesh division: The density of the mesh has a great influence on the calculation results. In the area near the solid wall, the fluid
changes greatly, so the mesh density here needs to be divided more finely to clearly show the change of the flow. The finer the
mesh, the more clearly it shows the change of the flow and reduces the calculation error.

>

Fig 2: Spatial discrete model computed by Gambit with 17540 points

Boundary conditions: The boundary conditions of the computational domain are determined as shown in Figure 1, the values
assigned to these boundary conditions are shown in Tables 2 & 3.
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Table 2: Input velocity boundary conditions

Velocity (m/s) r T(K) | 1(%) | L(m)
40 (1,0,0) | 303 5 0,05

Table 3: Outlet pressure boundary conditions

PPa) | T(K)|[I1(%) | L (m)
9,81.10* | 303 5 0,05

In which: I is the turbulence intensity, L is the characteristic turbulence length, temperature and pressure are selected according
to actual external conditions.

3. Result

In this section, the author studies how changes in the front maneuver angle and rear maneuver angle affect aerodynamic
properties? The choice of the computational space and boundary conditions is the same as above. The author will simulate a car
running at a speed of 40 m/s. Consider a car with a front maneuver angle (o) and a rear maneuver angle (B) as shown in Figure
3. (Lamballais E., Sylvestrini S.H., 2002) [5 62. 761,

o S p

Fig 3: Car shape with front and rear maneuverability angles

3.1. Effect of forward maneuver angle (o)

In this section, we consider the effect of aerodynamic forces acting on the car when the front maneuver angle changes, the rear
maneuver angle p = 27°.

The simulation results are as follows:
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The results of the calculation of the drag and lift values that vary with o are shown in Table 4.

Table 4: Drag and lift values depending on the forward maneuvering angle o

o, (degree) 18 20 22 25
Cq 0,345 0,304 0,29 0,258
D (N) 666,497 587,290 560,244 498,424
C. -5,11 -4,07 -3,97 -3,89
L (N) 087,1886 786,2735 766,9548 751,4998

Comment

In the above section, the simulation of the change in the drag coefficient C4 when changing the front maneuver angle & of the
car is shown. When increasing the front maneuver angle, the pressure distribution on the underside of the car increases, so the
car always tends to be lifted, causing the car's grip to decrease. The pressure above the car does not seem to change much.
Therefore, in car design, the existence of an air flow below is undesirable. Under the car, there are many parts such as the engine,
drive shaft, gearbox and some other parts exposed under the floor of the car. These parts block the air flow, causing turbulence
as well as vortexing of the air flow below the floor of the car. Slow-moving air flows are the cause of increased lift according to
Bernoulli's principle. In racing cars, people pay little attention to the maneuverability factor, to reduce aerodynamic drag, the
front maneuver angle is significantly reduced. (Pham M.V., Plourde F. and Doan Kim S., 2003) [8.9.105],

3.2. Effect of rear maneuver angle p
In this section we consider the effect of aerodynamic forces acting on the car when the rear maneuver angle changes, the front
maneuver angle & = 24°
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The results of the calculation of the drag and lift values that vary with B are shown in Table 5

Table 5: Drag and lift values depending on the rear maneuvering angle

B (degree) 16 18 20 22
Cqd 0,265 0,263 0,262 0,262
D (N) 511,947 508,083 506,151 506,151
CL -3,35 -3,29 -2,67 -2,65
L (N) 647,1785 635,5872 516,3904 511,9471

4. Comment

Based on the simulation results, in the case of the rear maneuver angle increasing, the pressure on the underside of the car
decreases (shown on the pressure distribution graph). This is very similar to the outside reality, when the rear maneuver angle is
large, the air flow under the car floor quickly escapes to the rear, which will reduce the vortex phenomenon under the car floor,
thus also reducing the lifting force acting on the car. Therefore, for cars with high mobility (large front maneuver angle), in order
to reduce the air resistance acting on the car, the rear maneuver angle is also designed to be as large as the front maneuver angle.
(Pham M.V., Plourde F. and Doan Kim S., 2003) 1. 12171,

The pressure distribution on the top of the car also does not change much when changing the rear maneuver angle, so the force
pressing the car down does not change much, so when designing the rear maneuver angle of the car, it is necessary to pay
attention to the lifting force of the car, so that the value of this force is within the allowable limit, when the car is running at high
speed, the car will not overturn. (Lamballais E., Sylvestrini S.H., 2002) [13 142, 18],

5. Conclusion

The simulation calculation using Fluent software as a virtual laboratory achieved the following results:

The rear maneuvering angle of the car is from 22° to 259, the corresponding drag coefficient Cq4 = 0.26, will reduce the vortex of
the air flow under the car floor, reducing the lift coefficient.

Research on the influence of crosswind force on the car.

The simulation calculation results are a source of documents for car designers to come up with some solutions in arranging and
adjusting car parts.

Choosing the optimal speed for each specific car profile.

Compare the simulation results using the k - ¢ turbulence model with other models and Fluent software with other software to
be able to come up with the most optimal solution method.
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