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Abstract 

The car is one of the most common vehicles used to meet transportation needs around the world. In 

the development of technology in cars, one of the influencing factors is the body design of the car. 

When designing a car, there are several aspects that need to be considered, one of which is the drag 

coefficient. In this study, a car body shape will be designed for further simulation and analysis with 

the help of the ansys 2020 software. Comutational fluid dynamics can analyze or predict the fluid 

flow in the car body. The formation process includes Preprocessing, Solving, and Postprocessing. 

The analysis was carried out on three-dimensional (3D), steady, turbulent flow. The variable is used 

to analyze the speed of the wind that will be passed by the car body, with a range of 15m/s, 30m/s, 

and 45m/s. 
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INTRODUCTION 

Vehicle is a means of transportation that is driven by system equipment that is on the 

vehicle. Vehicles have several types, such as light vehicles, heavy vehicles, to vehicles used 

for sports or racing. The vehicle consists of various components in it, some of the main 

components consist of the drive or engine, the frame or vehicle frame, and the vehicle body. 

The automotive world has experienced rapid development, both in terms of 

developments in the machines used which include engine performance, fuel consumption 

and emissions, developments in the applied technological features, as well as in terms of 

forms that have progressed for the sake of vehicle aesthetics and aerodynamics. 

Over time, automotive manufacturers are competing to make vehicles with the most 

aerodynamic body shape possible to get a low drag force and coefficient of drag (Cd) in 

order to improve performance and also fuel consumption, but also adjusted to the function 

of the car being produced. 

The shape of the body that is engineered in such a way will produce different fluid 

flow characteristics and greatly affect the function of the body shape. 

 

METHOD 

Aerodynamic Drag 

Objects that move through the fluid will experience interactions on the surface of the 

object with the fluid flowing or passing through it. These interactions are forces and 

moments originating from the shear stresses caused by viscous effects, and the normal 

stresses caused by the pressure distribution. 

Drag on an object can be broken down into two parts, namely drag caused by friction 

and drag caused by pressure. 

Drag can be written in Coefficient of Drag (Cd), which is the comparison between drag 

and the Dynamic Pressure Freestream which can be written as follows: 
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𝐶𝑑 =
𝐷

1/2𝜌𝑢2𝐴
 (1) 

CD =Coefficient of drag 

D = Drag force 

ρ = Density of air 

u = air speed 

A =Reference Area 

 

Computational Fluid Dynamics 

Computational Fluid Dynamics or commonly called CFD is a way to analyze a system 

involving fluid flow, heat transfer, chemical reactions and other physical phenomena based 

on computer-based simulation. [4] 

At present CFD has become one of the approaches taken in seeking answers to an 

engineering problem, especially in the field of fluid mechanics and heat transfer. An example 

of one CFD software is Ansys 2020 

 

Research Stages 

In this study, there are three main stages of the method that must be carried out, 

namely: preprocessing, solving or processing, and postprocessing. Due to the limitations of 

visualizing the flow across the car body, this study uses a numerical method with the help of 

Ansys Workbench 19.2 software using a CFD-solver, so that it can help make it easier to 

carry out a gradual process because it is already in sequential form and if there is an 

unresolved process, the next process cannot be completed. next. This study also includes a 

3D appearance of the car body. 

 

a) Preprocessing 

Preprocessing is the first step in building and analyzing a computational model (CFD). 

This stage includes several sub-stages including: creating geometry, determining domains, 

creating meshing and determining the parameters used. 

Parameter Dimensions 

C (Chords) 4017.96mm 

W (Widht) 1850mm 

H (Height) 1408.2mm 

Table 1. Car dimensions 

 
Figure 1. 3-dimensional car design 
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Figure 2. Meshing 

 

b) Processing or Solving 

With the help of the CFD-Solver Manager software, the conditions that have been set 

during preprocessing in the CFD-Pre software will be calculated (iterated). If the 

convergence criterion is reached with the convergence criteria 10-6, then the stage is 

continued in post-processing and if it is not reached, the stage will move backwards to the 

stage of making meshing or by reducing the convergence criteria. 

 

c) Post Processing 

Post-processing in the CFD-Post software is the display of the results and analysis of 

the results obtained in the form of qualitative data and quantitative data. Quantitative data in 

the form of pressure coefficient distribution, drag force and lift force. While qualitative data 

is in the form of flow visualization by displaying pathlines in the form of velocity magnitude. 

 

DISCUSSION RESULT 

Residuals and Iterations 

In this study, the simulation is targeted to achieve an error value of 10-4 on the residual 

and an error value close to 0 on the simulated mass flow rate. As can be seen in Figure 1 and 

Figure 2, convergent conditions have been reached. 

 
Figure 3. Residuals and iterations 

 
Figure 4. Mass flow rates 
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Streamlines 

Streamline Velocity obtained after post processing simulation is shown in Figure 3. In 

Figure 3, the redder the color of the streamlined line is, the higher the wind speed. It can be 

seen from the front bumper that the streamlined car body failed to split properly, this is 

marked by a high drop in speed and a streamlined shape that turns steeply. 

 
Figure 5. Velocity streamline on the car body 

 

Contours on the XY Plane 

A plane is made on the XY plane to obtain the pressure distribution and also the 

velocity in the horizontal direction around the car body. The pressure contour shows a high 

distribution on the front of the car and also on the lower back, this can affect the high value 

of the drag force and the coefficient of drag (CD) on the design. 

The speed contour shows the speed value in the horizontal direction around the car. It 

can be seen that at the front of the car there is a significant decrease in speed, indicating that 

there is resistance to wind flow by this design, besides that there is also a considerable wake 

at the rear of the car. 

 
Figure 6. Pressure contour on the XY plane 
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Figure 7. Contour velocity on the XY plane 

 

Vortex Core Region 

The vortex core region can show flow phenomena that occur immediately after contact 

with the body. shown in the results of the flow shape after contact with the car there is a 

wake on the rear and also high pressure and low speed of almost 0 on the front. 

 
Figure 8. Vortex core region with velocity contour 

 
Figure 9. Vortex Core Region with Pressure Contour 

 

Drag and Drag Coefficient 

In this study, a report definition was designed to monitor drag and coefficient of drag 

values at each iteration. after the convergent simulation the drag values can be taken, the 

drag values obtained at each wind speed are as shown in the following graph. 
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Figure 10. Comparison between CDs at each airspeed 

 

In the graph it can be seen that the highest CD value experienced by the design during 

the simulation with a speed of 30m/s. The results of 3 simulations at speeds of 15 m/s, 30 

m/s, 45 m/s each experienced a CD of 0.813; 0.858; 0.798. 

 

CONCLUSION 

Analysis of fluid flow on the car body shows the occurrence of high air resistance at 

the front of the car. There was a big enough wake on the back of the car. the highest pressure 

value on the car body is the front bumper. the highest drag value occurs in the design when 

given a flow of 30 m/s with a coefficient of drag value of 0.858 
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