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THE EVALUATION OF MESH
CHARACTERISTICS OF THE CAR
MODELING AND SIMULATION
USING CFD ANALYSIS
In a car CFD simulation, different types of mesh could change the
output of the simulation and may differ with the results gathered
using wind tunnel experiment. Therefore, adjusting and getting the
best mesh for the simulated car model is an important step in a
CFD simulation. This study investigated the effect of the different
number of elements on a saloon car CFD simulation. The elements
themselves have a similar mesh quality, but the number of elements
ranged from just over a couple hundred thousand to over 3 million
elements. The results show that with this number of mesh, the
accuracy did not increase significantly even though the elements
multiplied in amount. It is suggested that simulation with higher
number of elements might be the best choice if the facilities are
supportive. It is also shown that the lower number of elements
could be an alternative because the accuracy is sufficient.
Keywords: CFD; Meshing; Car Modelling; Simulation; Evaluation.

1. INTRODUCTION
Private car is a common way of transport for many people today that in the US alone has produced almost a
fifth of the US annual greenhouse gas emissions [1]. This large number of emissions could be reduced
significantly by streamlining the car geometry [2]. According to a study [3], almost 50% of all the fuel
consumed by automobiles are used to cope with the drag force sustained by the car. By streamlining the car
body, the drag force acting on the car will be decreased and could increase the fuel efficiency.
There have been many studies that investigate the effect of a car shape towards the drag force acting
on the car. According to many studies, saloon model car has the lowest aerodynamic drag among other
models like a SUV, a hatchback, a jeep, and a wagon [3]–[6]. It is suggested that the rear end shape of the car
significantly influences the aerodynamic drag. Car with large rear end tends to produce larger vortex at the
rear end of the vehicle, creating a larger wake region which increases the aerodynamic drag.
Aerodynamic devices like spoiler and vortex generator could affect the drag coefficient of a model. A
study found that at a particular height and small angle of attack, a spoiler, an aerodynamic device commonly
installed near the end of the vehicle, produces a small amount of drag towards the car due to a smaller
recirculation region at the back of the vehicle that causes lower pressure in the rear end of the vehicle but
higher pressure behind the spoiler [7]. However, spoiler will increase the pressure at the region above the
vehicle. Customarily, a vehicle tends to have a relatively higher pressure at the region under the car than that
of above the car which is dangerous because it gives the car some lift force. Cars with spoiler reduce this
pressure difference seen from the lower lift coefficient thus makes the car safer even though it may increase
the fuel consumption by a small amount [8]. Nonetheless, another study shows that a properly place spoiler
could minimize the drag [9].
The ground clearance of a vehicle also affects the aerodynamic drag of a car. Lowering the car results
in decrease of drag coefficient [10]. Low ground clearance causes the air to pass through faster which could
damp down the wake region at the back of the car. However, after a certain height, lowering the ground
clearance would not affect the drag coefficient even further. This is due to the existence of boundary layer
flow near the ground.
Another aerodynamic device that is traditionally seen on aircraft, vortex generator, could also be
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implemented in cars. A study found that a notchback type car model with vortex generator results in lower
drag coefficient than the same car model but without vortex generator because vortex generator causes the
flow separation to happen downstream [11]. Flow separation that happens downstream prevents the early
formation of wake region. They also found that the best position to place the vortex generator is just before
the location where flow separation will take place. In another study with a SUV car model [12], point of flow
separation changes accordingly to wind speeds, thus the vortex generator location should be moved in order
to minimize the drag. Model with vortex generator has a drag coefficient of around 6.6% lower than that of
without vortex generator. Finally, reduction of drag force could happen in a saloon model car. A study found
that installing a vortex generator in a saloon car, a 6% reduction of drag coefficient was observed [13].
One new aerodynamic device currently entering the market is the active grille shutter technology. It works by
closing the grille when less air is needed by the engine. A study found that closing the grille could reduce
aerodynamic drag coefficient of a car because it could reduce the air flow from entering the engine bay which
may result in higher drag force [14].
In an engineering research, to save cost, material, and time, the experimental method is sometimes
done using computational analysis [15]. Using a powerful computer, the computational experiment could be
done in a matter of hours [16]. This proves to be very beneficial as many automotive industries today relies
on this method as a way to analyze their model before bringing it into reality [17].
Computational fluid dynamics simulation is divided into three components. The first is pre-processing
where geometry, mesh, and boundary conditions are defined, then the next one is solving where a
mathematical method is determined to solve the governing equation of the model [18]. Finally, postprocessing is the final component where the data gathered by the solver would be show in image, table, or
chart formats.
One of the most important stage during the pre-processing is the meshing processes. Different
variation of mesh grids used could potentially change the result of the simulation [19]. A study found that
increasing the number of mesh could prolong the calculation time, but the difference between each result is
not much significant [16]. Greater grid elements also results in the decrease of drag coefficient [20,21].
Nonetheless, as the number of elements increase, the value change becomes smaller which suggests that there
will be one point where the value change is so small that it becomes insignificant for the calculation. Hence,
a less accurate simulation result could sometimes be selected over the more accurate solution considering the
time available for the calculation. This study investigates the effect of variations of mesh towards the results
of the simulation on a saloon car model.
2. METHODOLOGY
2.1 Geometry and Meshing Strategy.

The model used in this study was made using the blueprints of 2008-2013 model Honda Accord. Due to the
complex mesh needed and the limitation of the computing power of the computer used for calculation, the
model is simplified. Some exterior details were not added to the model; however, the overall car models had
resembled enough the body shape of the car as seen in Figure 1. This might cause some differences with
results gathered using wind tunnel and might be investigated further using better geometry and mesh. The car
is 4.950 m in length, 1.845 m in width, 1.475 m in height, and has a frontal area of 2.33 m2.

Figure 1: The saloon car model.
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The car 3-dimensional model was made using the Autodesk CAD software Autodesk Fusion 360. It
was then exported to the ANSYS Design Modeler where the car model is enclosed with fluid domain that
acts as environment surrounding the model. The enclosure is made to be spacious enough to minimize the
effect of wall turbulence from the top, left, and right side of the boundaries towards the fluid inside the
domain. The quarterly cylinder-shaped enclosure is 35 m in length and 15 m in radius. The enclosure was
then subtracted using the car model. This resulted in a single body which resembles the air environment
around a subtracted region which is the negative of the car body shape. The car is lied on the bottom side of
the enclosure which acts as ground for the model. The center of the car on x-axis is measured 15 m from the
front side of the enclosure. To save half of the time for computing processes, the models were cut
symmetrically, and only half of the model is used for analysis. The model midplane that became a side
enclosure due to symmetrical cut was then set as a symmetry boundary which indicates that the used model is
a half-model.

(b)

(a)

(c)

(d)

Figure 2: Mesh (a) case 1 (b) case 2 (c) case 3 (d) case 4.

This study compares between four different mesh cases as seen in Figure. 2 (a)-(d). Even though the
global element size for all cases is similar to each other (1.5-2.0 m), the elements become smaller as its
location becomes closer to the car body to compensate the car complex geometry. The element size around
the car body varies between all cases. Case 1 is the case with least number of elements that could sufficiently
adapts the car shape. Using wall and body sizing tool available in ANSYS Meshing, the number of elements
around the car body could be increased as happened in other cases. Wall sizing is applied on the face of the
enclosure that creates the car form. Body sizing tool is used only in case 3 and 4 where the smaller elements
seem to form cubical regions around the car. As the wall sizing becomes smaller, the number of elements
increase. Body sizing also increases the number of the elements as its size is limited up to certain value.
Model with more elements tends to result in longer computing time. Table 1. displays the specification of the
mesh in each case as used in the simulation.
Tabel 1: Mesh specification.
CASE

1

2

3

4

Wall sizing

No
No
42,508
227,997

Yes (0.03 m)
No
221,648
1,180,804

Yes (0.03 m)
Yes (0.06 m)
312,281
1,769,710

Yes (0.03 m)
Yes (0.045 m)
592,221
3,419,425

Body sizing
Node count
Element count
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Orthogonal
quality

Skewness

0.201 (min)

0.151 (min)

0.205 (min)

0.201 (min)

0.993 (max)

0.994 (max)

0.997 (max)

0.998 (max)

0.764 (average)

0.769 (average)

0.788 (average)

0.793 (average)

2.960 x 10-4 (min) 8.632 x 10-8 (min) 9.952 x 10-8 (min) 3.297 x 10-7 (min)
0.799 (max)

0.849 (max)

0.795 (max)

0.800 (max)

0.235 (average)

0.229 (average)

0.211 (average)

0.206 (average)

2.2 Simulation Strategy

The material of the model was set to be structural steel which is also the default of ANSYS. The option of
material for this research is not really that important for this study because only the shape of the model determines the results for the aerodynamic simulation. Nonetheless, on the other hand, the results may differ
accordingly with change of pressure, temperature, and velocity of the air. The operational pressure is adjusted
similar to that of sea level (101.325 kPa). The air density is also set to a constant number of 1.225 kg/m3.
The simulation for this study also mimics the work of a wind tunnel. The model is stationary while a constant
supply of air is injected to the fluid domain. The air velocities for this study are 45 and 90 km/h. The car and
boundary wall are set as no-slip wall meaning the speed of the fluid in contact with the wall is zero and wall
turbulence effect is present. The rest of boundary conditions set-up are explained in Table 2. This research
uses k-omega with SST turbulence model. K-omega model is chosen over k-epsilon model because it has
higher accuracy in near wall flow but does not perform good at predicting far-from-wall boundary [22]. A
further advancement called k-omega with shear stress transport (SST) model combine the strength of these
two models [23].
Tabel 1: Boundary conditions.
Boundary Conditions

Type

Value

Velocity inlet

Time

Steady state

Direction

Reverse normal

Spatial variations

Constant

Velocity magnitude

12.5 m/s and 25 m/s

Wall

No-slip/shear stress

No-slip wall

Pressure outlet

Time

Steady state

Gauge pressure

0 Pa

Symmetry

Outlet

Inlet
Car Body
Figure 3: Existing boundary conditions for the simulation.
Finally, the simulation itself was performed in ANSYS Fluent 2020 R1. The convergence absolute cri132
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teria is 10-6 for the residuals. Hence, due to computing power and time limitation, each case of the calcula-

tion was set to be ended after 1000 iterations if convergence has not been reached. This study used computer
with 8GB of random-access memory and 2.40 GHz Intel i5-9300H 9th generation processor with 4 cores and
8 threads. There are four cases of mesh, but each one was executed twice at different air velocity of 45km/h
and 90km/h.
3. RESULTS AND DISCUSSION

Figure 4: Drag coefficient acting on the car.
Figure 5: Drag force acting on the car.

At Figure. 4 and 5 above, it could be observed that both the drag coefficient and the drag force acting on the
car did not look like it is following a pattern. Even the case with the highest number of elements results in the
similar drag force and drag coefficient with the case that has the lowest number of elements. However, at the
speed of 90 km/h, both of the drag coefficient and the drag force seems to decrease along with the increase of
the elements. It is shown that since the body sizing is not applied in the case 1 and case 2, the results have
limitation in the accuracy of the results. The accuracy increased in case 3 and case 4 where the body sizing
and cubical regions around the car were applied. Thus, the anomaly that occurred in case 2 happen due to the
mesh characteristic of the simulation where the detailed mesh is not applied. The study also revealed that the
simulations were dependent on the characteristic and application of the mesh.
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(a)

(b)

(c)

(d)

Figure 6: Velocity at 45 km/h contour (a) case 1 (b) case 2 (c) case 3 (d) case 4.

(a)

(b)

(c)

(d)

Figure 7: Velocity at 90 km/h contour (a) case 1 (b) case 2 (c) case 3 (d) case 4.
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Figure. 6 and 7 display the velocity contours of the saloon car at 45 and 90 km/h. The red regions
indicate that the velocity is higher at these areas like the one above the roof and under the car where the flow
accelerates due to the reduction of flow area. The greener region at the front end of the car was due to contact
with the nose of the car which pushes air either downwards or upwards. Blue regions where air flow is at the
lowest exist at the rear end of the vehicle and inside the car. Sometimes, the low-speed region appears due to
the existence of turbulent vortex which may contributes to the car aerodynamic drag.
There are many similarities among the contours at every speed, but some differences could still be
seen. At the velocity of 90 km/h, case 1 seemed to encountered a calculation error indicated by the existence
of zero m/s velocity zone under the body. The calculation was repeated twice but this zone still did not
disappear. Detailing of mesh at this case seen on Figure. 2 (a) might not enough to capture the model hence
causing a calculation error. The large size of element at case 1 seems to cause the solver to badly predict the
flow near the car. Fortunately, as the number of elements increases, this problem disappears.

(a)

(b)

(c)

(d)

Figure 8: Static pressure at 45 km/h contour (a) case 1 (b) case 2 (c) case 3 (d) case 4.

(a)

(b)
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(c)

(d)

Figure 9: Static pressure at 90 km/h contour (a) case 1 (b) case 2 (c) case 3 (d) case 4.

There is still not much difference among the cases as every case correctly predicts the pressure regions
around the vehicle such as the pressure gain at the stagnation point as airflow slows down due to contact with
the nose of the car, the small high pressure area just in front of the wind screen that gives downforce to the
car, and the low pressure zones above the car roof where air accelerates as the flow area shrinks that as
conservation of mass law suggests speeds up the flow rate. At case 1, however, due to the large size of mesh
elements, the velocity contour does not seem to be as fine as the rest of the cases.
Pada bagian ini harus ditampilkan seluruh data yang diperoleh dengan informasi yang cukup bagaimana data
tersebut diperoleh. Analisa statistik boleh disampaikan jika dianggap perlu, atau cukup ditampilkan dalam
grafik disertai standar deviasi serta error bars dan penjelasan arti signifikansi secara statistik dari standar
deviasi maupun error bars dalam grafik tersebut.

(a)

(b)

(c)

(d)

Figure 10: Eddy viscosity at 45 km/h contour (a) case 1 (b) case 2 (c) case 3 (d) case 4.
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(a)

(b)

(c)

(d)

Figure 11: Eddy viscosity at 90 km/h contour (a) case 1 (b) case 2 (c) case 3 (d) case 4.

The value of eddy viscosity specifies how turbulent the flow is by looking at the flow internal friction.
Higher value of eddy viscosity indicates the existence of a vertex which creates the wake region. As seen in
Figure 9 and 10, the eddy viscosity is higher at the area at the back of the car. A medium value of eddy
viscosity also appears in front of the vehicle, but mostly it is due to the turbulence flow due to viscous effect
near the ground.
In this case, several nonconformities could be observed from the eddy viscosity contour. At case 3 and
4 with higher number of elements, the eddy viscosity at the wake region seems to be higher. At case 3, the
increase of eddy viscosity could be seen above the back car roof, indicating that small eddies may have
formed in this region. This becomes clearer at case 4 with the eddy viscosity pocket extends to almost the rest
of the car roof. Figure. 12 and 13 below display the existing turbulent wake region at the car downstream.
The shape of the car caused the flow to separate, creating a turbulent low-pressure region. All cases
successfully predicted the wake region.

(a)

(b)
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(c)

(d)

Figure 12: Rear car streamline at 90 km/h contour (a) case 1 (b) case 2 (c) case 3 (d) case 4.

(a)

(b)

(c)

(d)

Figure 13: Rear car streamline at 90 km/h contour (a) case 1 (b) case 2 (c) case 3 (d) case 4. (1)
4. CONCLUSIONS

This study investigated the effect of number of elements towards the solution accuracy of the simulation. It
was found that drag coefficient and drag force calculated at any case did not differ so much from each other
even though at the speed of 90 km/h, the calculated drag force seems to decrease by a small amount as the
number of mesh increases. However, cases with higher mesh density result in much finer velocity and pressure contours. A low mesh density at case 1 suffers from low solution accuracy. As the mesh density increases, the contours become finer. It is suggested that high mesh density is required for future research that needs
fine contour data but low to medium density mesh would be sufficient to gather drag value only.
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