International Journal of Sciences
Volume 13 - June 2024 (06)

Research Article

Numerical Investigation of Flow
Characteristics on Camera Side Mirrors
in Vehicles

Emre Ulutas'#, Onur Yemenici'#

'Department of Mechanical Engineering, University of Uludag, Turkey

Abstract: In this study, the flow characteristics affecting camera side mirrors, which are used in modern concept vehicles and electric
vehicles, were numerically investigated. Additionally, a slot was designed parallel to the flow surface in the camera side mirror model, and
the effect of the slot on the drag coefficient was examined. The analyses were conducted at speeds of 20 m/s, 30 m/s, and 40 m/s, using the
SST k-o turbulence model. The computational domain was 800 mm in width, 800 mm in height, and 1200 mm in length, with the mirror
positioned 400 mm from the inlet. The analyses showed that the drag coefficient decreased as the speed increased for all mirror models. The
maximum improvement in the drag coefficient was observed at a speed of 40 m/s with Modell camera side mirror with a slot. The drag
coefficient values for Modell camera side mirrors with and without a slot were 45.8% and 33.4% lower, respectively, compared to the

traditional mirror.
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1. Introduction

Side mirrors used in vehicles are among the most
critical safety features, allowing drivers to see the
surroundings of the vehicle and thereby minimizing
the risk of accidents. The drag coefficient in
automobiles is determined based on the shape and
aerodynamic properties of the wvehicle. The
aerodynamic design of side mirrors affects the
vehicle's drag coefficient. Properly designed and
appropriately  positioned side mirrors play a
significant role in reducing the vehicle's air resistance,
thereby enhancing fuel efficiency. In light of this
information, non-optimized side mirrors can disrupt
the aerodynamic profile of the vehicle, leading to an
increase in the drag coefficient. Therefore,
optimization studies in side mirror designs are crucial.
This is especially important for electric vehicles and
high-performance  cars, = where  aerodynamic
performance is paramount, making the design and
improvement of side mirrors highly significant.

Camera side mirrors are a modern technology that can
replace traditional side mirrors by providing a wider
field of view, thereby improving the visibility of blind
spots, reducing aerodynamic drag to increase fuel
efficiency, and enhancing driver safety in adverse
weather conditions. Consequently, camera side
mirrors have been the subject of various studies in
recent years. For example, in a study by Yu et al. [1],
different mirror models with various surface curves
were analyzed on 25 types of curves and 9 types of
surfaces to create Class A surfaces on side mirrors
and investigate their impact on drag coefficient.
Kelesoglu [2] conducted aerodynamic analyses on a

simplified heavy commercial vehicle model with four
different mirror models at speeds of 10, 15, 20, and 25
m/s. By identifying the regions of aerodynamic
resistance on the camera side mirror (Model 1) and
applying passive flow control methods, aerodynamic
improvements were achieved. The study concluded
that the aerodynamic drag coefficient decreased by
4.24% for Model 2 compared to the traditional
mirrored model and by 0.96% compared to Modell.
For Model3, the drag coefficient decreased by 6.24%
compared to the traditional mirrored model and by
1.13% compared to Modell. In another study, Ipci [3]
examined the effects of conventional side mirrors and
side view cameras on the aerodynamic drag
coefficient of an urban bus model. At free flow speeds
of 90 m/s and above, the drag coefficient was
determined to be 0.539 for the bus with conventional
side mirrors and 0.521 for the bus with side view
cameras. The study found that the drag coefficient of
a bus with conventional side mirrors was 6.6% higher
than that of a mirrorless bus, and using cameras
instead of mirrors reduced the drag coefficient by
3.45%. Arikan [4] scanned a vehicle's side mirror with
a 3D scanner to obtain its geometry and analyzed the
aerodynamic drag coefficient at speeds of 80, 100,
and 120 km/h. He created three different side mirror
models for comparison and investigated the optimal
mirror model form. The study concluded that the
trapezoidal model was the most aerodynamically
efficient, while the rectangular model was the least
efficient. Ensarioglu [5] investigated the aerodynamic
forces and flow structures affecting four different side
mirror designs at speeds of 20 m/s, 30 m/s, and 40
m/s, and at yaw angles of -10°, 0° and 10°.
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Additionally, he examined the effect of the mounting
arm geometry for two of the models. In their study,
Sadat et al. [6] examined the drag coefficients of
traditional mirrors and camera side mirrors. They
found that camera side mirrors, due to their smaller
frontal area, improved the overall aerodynamics of the
vehicle, reducing drag force by 2.6%. Zulhazmi et al.
[7] conducted analyses of two different side mirrors, a
reference model side mirror, and an internally ducted
side mirror, at speeds of 100 km/h, 130 km/h, and 150
km/h. They concluded that the internally ducted side
mirror was a better design for reducing aerodynamic
resistance.

In this study, the flow structure and drag coefficients
of traditional side mirrors, camera side mirrors, and
camera side mirrors with internal slots were
numerically investigated at flow speeds of U=20 m/s,
30 m/s, and 40 m/s.

2. Methodology

In this research, the design of traditional side mirrors,
camera side mirrors, and camera side mirrors with
slots was carried out using the CATIA software, while
the computational fluid dynamics analyses were
conducted using the ANSYS FLUENT software.

To achieve the objectives of the research and confirm
its accuracy, verification was performed using
literature studies. The mirror model used in the
numerical study by Yu et al. [1] was modeled with the
same dimensions for verification purposes. Figure 1
shows the reference model and computational domain
used in the verification study. The computational
domain dimensions are 800 mm in width, 800 mm in
height, and 1200 mm in length, with the mirror
positioned 400 mm from the inlet.

TR (mm)

Figure 1. Reference model and computational domain
used in the verification study [1]

As the inlet boundary condition, a speed of 30 m/s
was used, and zero pressure gradient was set as the
outlet boundary condition. The SST k-o turbulence
model was selected for the analyses. The SST k-
turbulence model is a two-equation model used to
simulate complex turbulent flow fields, boundary
layers, and separation phenomena. This model
combines the standard k-o model with the shear stress
transport (SST) model. The SST k-o turbulence
model is defined by the following equations for
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turbulence kinetic energy (k), turbulence frequency
(w), and turbulence viscosity (). The equations for
turbulence kinetic energy, turbulence frequency, and
turbulence viscosity are given in Equations [1], [2],
and [3], respectively.

Equation for turbulence kinetic energy (K):
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Equation for turbulence viscosity (y):
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The mirror surface and the walls of the created
analysis domain were treated as smooth surfaces, and
the Coupled algorithm was employed as the solution
method. To enhance the accuracy and reliability of the
results, a dense mesh was applied around the mirror,
and a local volume was created within the
computational domain. The polymesh grid structure
was selected as the mesh model. In the study by Yu et
al. [1], the drag coefficient of the side mirror was
determined to be €,=0,452, while in the validation
study, it was found to be C,=0,455.

Figure 2 depicts the mesh structure of Modell camera
side mirror within the flow volume. As a result of the
mesh independence studies, for the analysis of
Modell camera side mirror, the number of nodes was
determined to be 4084818, the number of surfaces
5117975, and the number of mesh cells 734804.
Figure 3 presents the graph of the mesh independence
study.
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Figure 2. Mesh structure of modell with camera side
mirror

Mesh Independence Study for Modell with Camera Side Mirror
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Figure 6. Modell slotted camera side mirror model
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Figure 3. Mesh independence study for modell with
camera side mirror

The drag coefficients were obtained by conducting
analyses of the camera side mirror model and its
slotted version at flow velocities of 20 m/s, 30 m/s,
and 40 m/s. The SST k-o turbulence model was used
in the analyses. Details of the parameters used in the
analyses are shown in Table 1.

In Figure 4, the flow volume and mesh structure of
Modell with slotted camera side mirror are detailed.
For the analysis of Modell with slotted camera side
mirror, the node count is determined as 4230338,
surface count as 5297377, and mesh cell count as

Table 1. Analysis conditions and convergence criteria

761198.
Parameter Description
Velocity inlet, v 20 m/s, 30 m/s, 40 m/s
Pressure outlet 0 kPa
General
Type Pressure-Based
Velocity Formulation Absolute
Time Steady
Mesh Poly
Model
Viscous SST k-0
Material
Fluid
. 5 : S YA . o Density of air 1.225 kg/m®
Figure 4. Mesh structure of modell with slotted Methods
ide mirror
camera st Scheme Coupled
The geometric models and dimensions of Modell and Gradient Least Squares Cell Based
Modell with slotted camera side mirrors to be used in Pressure Second Order .
Momentum Second Order Upwind

the analyses are given in Figure 5 and Figure 6,
respectively.

Turbulent Kinetic Energy Second Order Upwind
Specific Dissipation Rate Second Order Upwind
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Convergence Criterion

Continuity 10
Velocity (x-y-z) 10°®
k 10°
® 10°
Initialization
Methods Standart
Turbulent Kinetic Energy 1.851482 m* / &
Specific Dissipation Rate 12675 1/s

ez
loctty Magritude

4378:01
3908201
3492401
3.066+01
2620401
2120401
1756101
1316+01
2738100
437,00
0.00e+00

(ar

3. RESULTS AND DISCUSSION

In this section, flow structures and drag coefficients
on a camera side mirror model were investigated at
flow velocities of 20 m/s, 30 m/s, and 40 m/s.
Additionally, the effect of adding slots parallel to the
flow surface on the drag coefficient of the camera side
mirror model was observed. Results from traditional
mirrors were compared with those from camera side
mirrors in the validation study.

Figures 7, 8, and 9 depict the magnitude of velocities
in the flow over the traditional mirror, Modell camera
side mirror, and Modell slotted camera side mirror,
respectively, at a velocity of 30 m/s.

Figure‘ 7. Magnitude of flow velocities over
traditional mirror at 30 m/s velocity
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Figure 8. Magnitude of flow velocities over modell
camera side mirror at 30 m/s velocity
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Figure 9. Magnitude of flow velocities over model 1
slotted camera side mirror at 30 m/s velocity

According to the analysis results for Modell, Modell
slotted, and traditional side mirrors, it was observed
that the velocity is zero around the midpoint of the
mirror where the flow first impacts, while it is
maximum at the edges of the mirror. Particularly in
the case of the traditional mirror, a significant
decrease in velocity and intense vortex formations
were observed in the region behind the mirror.
Compared to the traditional mirror, the Modell
camera side mirror exhibited a reduction in vortex
intensity in the region behind the mirror. With the
Modell slotted side mirror, the opening of slots
substantially mitigated the formation of vortices
behind the mirror.

The variation of the drag coefficient Cp in the flow
over Modell, Modell slotted, and traditional side
mirrors at flow velocities of 20 m/s, 30 m/s, and 40
m/s is presented in Figure 10.

Variation of Drag Coefficient (C,) with velocity for Traditional Mirror, Model1, and Model1 Slotted
Camera Side Mirrors Graph
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Figure 10. Variation of drag coefficient (Cp) in
traditional mirror, Modell, and Modell slotted side
mirrors

When examining the Cp coefficient values at 20 m/s
velocity, it's observed that Modell and Modell slotted
camera side mirrors provide improvements of
approximately 30.3% and 41.5%, respectively,
compared to the traditional mirror. The Modell

Cp=0.2538

Model1 Slotted Camera Side Mirror
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slotted camera side mirror value shows an
improvement of 16.1% over Modell, owing to the
slots opened on the side mirror. At flow velocities of
30 m/s and 40 m/s, the drag coefficient values in the
Modell camera side mirror are respectively 32.2%
and 33.4% lower than those in the traditional mirror.
The drag coefficient values of the Modell slotted
camera side mirror are 44.2% and 45.8% lower than
those of the traditional mirror for flow velocities of 30
m/s and 40 m/s, respectively. The minimum Cp
coefficient values in the flow were obtained at 40 m/s
velocity for Modell, Modell slotted, and traditional
side mirrors.

4. Conclusion

This study investigates the flow over a camera-
equipped side mirror model at flow velocities of 20
m/s, 30 m/s, and 40 m/s. Additionally, the effect of
creating a slot on the camera-equipped side mirror to
examine its impact on the flow was studied, and all
results were compared with those of a traditional side
mirror. The summarized results are as follows:

* As the velocity increased, the drag coefficient
Cp values decreased in all side mirror models.

* In the traditional mirror, the intensity of vortices
behind the mirror was significantly higher compared
to Modell camera-equipped side mirrors, where this
intensity notably decreased in the area behind the
mirror.

¢ Flow over the Modell slotted side mirror
showed that the presence of the slot prevented the
formation of vortices behind the mirror.
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» The Cp values for velocities of 20 m/s, 30 m/s,
and 40 m/s were as follows: in the traditional mirror:
0.4573, 0.4552, and 0.4536; in Model 1 side mirror:
0.3186, 0.3084, and 0.3023; and in Model 1 slotted
side mirror: 0.2674, 0.2538, and 0.2457, respectively.

* Considering design criteria, the best result was
achieved with the Model1 slotted side mirror.
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