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Abstract 

During the operation of cars, aerodynamic drag is a factor that affects the stability, 

balance and working efficiency of the vehicle. Therefore, aerodynamic characteristics are 

always concerned by manufacturers in the world today in the design process to reduce the drag 

of the vehicle and that is the main goal of this article. Research using Solidworks to build a 3D 

model of the vehicle from the 2D drawing of the original sedan car, applying the finite element 

method (FEM) by Flow Simulation module to investigate the pressure and velocity distribution 

around the model. Then the shape of the side mirrors and tilt angle of vehicle A-Pillar were 

changed to reduce the vehicle's aerodynamic drag from comparing the aerodynamic 

characteristics of the two models. Simulation analysis shows that compared to the original 

model, the improved model has a reduced drag force of 4% and a drag coefficient of 7.1%. The 

results serve the research and design of vehicle models to ensure high efficiency of vehicle 

performance. 

Keyworks: Side mirrors, Vehicle aerodynamics, Drag coefficient, Finite element method 

(FEM), Aerodynamics characteristic. 

1. Introduction 

Today, in addition to the development and improvement of cars in terms of engines and 

technology, changing the shape of the car is also interested in improving aerodynamics. From 

there, the designer can research and improve the car models to have a low coefficient of drag 

but still keep the unique features of that car. To better understand these effects, the researchers 

performed simulations on vehicle models similar to a real car through CFD software and 

applications. Typically, the studies in (Ayyagari et al., 2017; Tsai et al., 2009; Maji et al., 2021) 

focused on reducing drag coefficient by adding a spoiler or comparing two vehicles with and 

without a spoiler (Hu and Wong, 2011). Many research groups have used practical PIV 

experiments to analyze the influence of the rear tilt angle on the characteristics of the air flow 

around the vehicle (Tunay et al., 2016). In addition, many studies have been carried out on 

different types of vehicles such as buses, trucks, vans, passenger cars and many others. 

Specifically, the author (Kanekar et al., 2017) studied the bus drag coefficient when changing 
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the bus shape design in order to reduce fuel consumption and emissions causing environmental 

pollution. As a result, the author concluded that with the entangled simulation model k-ε 

Realizable, when changing the bus shape compared to the original shape, the drag coefficient 

is reduced by 28% and fuel is saved by 20% when the bus is changed. moving at 80 km/h. The 

author (Muthuvel et al., 2013) has studied experimentally and simulated the aerodynamic 

influence on the exterior shape of the bus in order to reduce aerodynamic drag as well as reduce 

fuel consumption. As a result, the author concludes that when adjusting the design of the car's 

exterior shape compared to the original shape, aerodynamic drag is reduced by about 30% and 

significantly reduces fuel consumption. The author (Abinesh and Arunkumar, 2014; Yadav et 

al., 2017) used the CFD tool to analyze the effect of aerodynamic drag on fuel consumption on 

buses. These two studies have given the vehicle shape after adjustment, the authors both 

concluded that aerodynamic drag is reduced when adjusting the vehicle's shape. The authors in 

(Lakshmanan and Yadav, 2020) conducted aerodynamic analysis on sports cars, the effect of 

attaching the rear spoiler to reduce drag coefficient by building 3D models using Solidworks 

software, then CFD analysis of sports cars with and without a spoiler was performed by Ansys, 

the results showed that the coefficient of drag and drag of cars without a spoiler and with a 

spoiler were determined. determined. The graphs of velocity, pressure, and turbulence have 

also been shown in the article, and when attaching the spoiler, the drag coefficient was reduced 

by 11.4%. As the drag coefficient decreases, it improves fuel economy and vehicle stability. 

Therefore, the active spoiler helps to improve the aerodynamic performance of the car. 

Although the field of automotive aerodynamics has been studied extensively around the 

world. However, corresponding to each different vehicle model, there are ways to improve the 

shape to reduce drag or different aerodynamic coefficients to ensure the design of the original 

car. Therefore, this study focuses on improving the shape of the two side mirrors by using 

Solidworks to build 3D models and compare the pressure and velocity distributions of the air 

flow around the model of the two vehicles to evaluate the aerodynamic characteristics of the 

vehicle after improvement. 

2. The sedan vehicle model and the computational domain 

The 2D and 3D sedan models are described in detail as shown in Fig. 1 with the total 

length L = 4580 mm, height H = 2005 mm, whole width W = 1447 mm on 3 axes of the x, y, 

z coordinate system along with the original dimensions of the side mirrors. 

 
Figure 1. The original sedan model (Model A) 

In Fig. 2, the sedan has improved the shape of the side mirror and the tilt angle of the 

A-pillar. This improvement only changes the mirror head angle of 600, the size does not change, 

the two sides of the A-pillar are tilted inward compared to the rear view mirror. with anterior 
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glass plane of 300 similar to those studied (Zaareer and Mourad, 2022; Cheng et al., 2012; Al-

Obaidi and Otten, 2018). 

 
Figure 2. The improved sedan model (Model B) 

The computational domain is the area of space surrounding the object that is limited 

during the simulation. The calculated domain must be large enough to be limited by planes to 

ensure that the air flow is not affected by the research model. However, it is also not possible 

to choose a computational domain that is too large, leading to wasting computer resources and 

increasing simulation time. Therefore, combined with the research works of the authors 

(Corallo et al., 2015; Tunay et al., 2014; Dang et al., 2016), the author proceeds to build the 

calculation domain with the parameters described in Fig. 3. In which, H is the vehicle height, 

W is the vehicle width, L is the vehicle length. 

 
Figure 3. The computational domain of model 

Meshing is the discretization of the simulation space into elements to perform 

numerical approximation. Grids come in two forms, structured and unstructured, each with 

their own strengths. In this study, we will use the mesh density at level 7 in the Flow Simulation 

module of Solidworks (Gukop et al., 2021) to ensure the accuracy of the results when 

simulating calculations. The complete meshed sedan model is shown in Fig. 4. 

 
Figure 4. The meshing model 
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3. Analysis Results 

The study uses the input air velocity value of 30 m/s, in the z direction. Therefore, the 

simulation results of the velocity distribution around the vehicle are as follows: 

 

 

 
 

 

 
Figure 5. Simulation results of velocity distribution around the vehicle of models A and B 

Model A 

Model B 
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The air flow velocity after simulation is described in Fig. 5. It can be seen that at the 

front of the car, the two sides of the mirror and the end of the car, the velocity of the air flow 

is quite small because the air flow when going to this area will be stopped and separated to the 

two sides. Similar to simulate results the pressure distribution around the vehicle. 

 
Figure 6. Simulation results of pressure distribution around the vehicle of models A and B 

Above Fig. 6 shows the pressure acting on the surface of the vehicle in the vertical 

section and along the entire vehicle. The color bands from blue to red correspond to the pressure 

distribution at each point of the vehicle. It can be seen that the maximum pressure of the vehicle 

is at the front of the vehicle because it is directly affected by the wind in the perpendicular 

direction. The bonnet is the place where the least pressure is applied.  

The final result is a simulation of the swirling air of the vehicle. 

 

 
 

 
Figure 7. Simulation results of the swirling air of models A and B 

 

Model B Model A 

Model A 

Model B 
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Results in Fig. 7 show the distribution of vortex air flow before and after the 

improvement. After moving to the front of the car and separating to the sides, the air stream 

continues to go to the end of the car and create a tornado at a distance from the rear of the car. 

Observing both models, there are similarities in eddy currents and eddy current distribution. 

Eddy currents are the main cause of the pressure difference between the front and rear of the 

vehicle. 

When the car is moving, the surface of the car is always subjected to a large impact force from 

air resistance (Loução et al., 2022), which is determined by formula (1): 

 

 20 5Fd . * * Cd* A*U =  (1) 

Where: Fd: aerodynamic drag (N) 

ρ: density of air = 1.204 kg/m3 

Cd: aerodynamic drag coefficient 

A: area of front bumper (m2) 

U∞: speed of flow air (m/s) 

 

 
 

 
Figure 8. Calculation results of drag force and drag coefficient of two models 

The drag force Fd and drag coefficient Cd of the improved model are reduced compared 

to the original model. Specifically, drag Fd decreased from 582,913 N to 559,828 N and drag 

coefficient Cd decreased from 0.602382 to 0.559869. Because when implementing the design 

to change the mirror placement angle, we get a reduction in drag coefficient and drag compared 

to the original and improved efficiency. 

4. Conclusion 

The research uses Flow Simulation module in Solidworks to simulate and evaluate the 

results of side mirrors adjustment through values of pressure, velocity, and eddy current. After 

simulation and evaluation, drag reduced from 582,913 N to 559,828 N (4%), drag coefficient 

decreased from 0.602382 to 0.559869 (7.1%). Thereby we can see the importance of the side 

Model B 

Model A 
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mirror in affecting the aerodynamic characteristics of the vehicle. This is an important premise 

to improve and design new style of sedan car that contribute to increasing the stability of today's 

cars. 
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