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Abstract

Automobile passengers are usually sensitive to the noises generated by the engine and vehicle body. One of the noise
sources is the generated turbulent flow around the Vehicle Side View Mirror (VSVM) and around the A-pillar, producing
fluctuating pressure. Unwanted noise is a result of fluctuating pressure around the car's body. Modification of the geometry
of the vehicle body may affect the generated noise by turbulent flow. In this paper, the original side view mirror of a small
sedan car named Tiba was aimed at geometry modification to decrease airborne noise. The mirror was assessed by CFD
simulation and an outdoor test. Road tests were applied at three forward speeds (80, 100, and 120 km/h) to measure the
sound level generated by the vehicle's side mirrors. Then, the geometry of VSVM was modified to diminish the sound
pressure level of that based on decreasing turbulent flow and fluctuating pressure around the side mirror. Finally, the
achieved geometry was evaluated using road tests, which showed a noise reduction of 8 to 12%. Road tests were done for
the modified side car mirror. It shows that a modified mirror can reduce the sound level of airborne noise. By using this
suggested modified side view mirror, the risk of annoying noise may be diminished and passenger comfortability can be
increased through driving.
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1. Introduction

Aerodynamic noise is one of the dominant noise sources that occurs in high-speed vehicles. The main sources of this
type of disturbing noise are A-pillars, side view mirrors, tire rings, and fans. Aeroacoustic characteristics have negative
effects on vehicle customers' feelings. The frontier engineering modeling that was presented to describe this phenomenon
is the Lighthill Equations [1, 2]. Many studies were carried out to reduce aeroacoustic noises and increase driver comfort
and riding quality. Automobile side view mirrors are used to develop driver vision, but they generate aeroacoustic noise
due to their geometric properties. In some research using wind tunnels, the pressure around a mirror was studied [3, 4].
In addition, hot wires were employed to investigate turbulent fluid distributions that are created around mirrors [5].
Those studies identified critical points on the mirror surface that have a significant impact on noise generation.
Furthermore, the effects of wind direction on generated noise were studied [6]. Moreover, sound levels were measured
by various instruments to find the area that creates sound and noise in a vehicle's body [1]. The results of these
investigations show that a major portion of the external noise comes from turbulent fluid produced by mirrors.
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Researchers used Computational Fluid Dynamics (CFD) to study and optimize mirror geometry optimization for low
aerodynamic noise [7-9]. The optimized car side mirror by CFD simulation showed that the sound level decreased in
outdoor experiments [10]. In theory, the acoustic energy density and intensity at a field point Y are stated based on the
acoustic velocity and the acoustic pressure as [11]:
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Where p is the density of the acoustic medium, subscript “Y”” shows a quantity associated with a field point Y, c is the
velocity of the sound in the medium, ¥ and p are the acoustic speed and the acoustic pressure, respectively. Thus, the
generated sound intensity depends on the pressure and velocity of the fluid around an object. Based on the stated theory,
some investigations were applied to vehicle side mirrors. The effect of the presence of a side mirror was studied by
numerical modelling. It shows that the A-pillar is the main source of noise in the absence of a mirror, while in the
presence of a vehicle side mirror, the mirror is the main source of noise [12]. In addition to the airborne noise generated
by the car's side mirror, vehicle windows vibrate due to the fluctuating pressure of the mirror. These vibrations cause
uncomfortable interior noise for the passengers [13]. In another study, a clay model of a vehicle was tested in the wind
tunnel. The results show that the main source of transmitted interior noise is related to the mirror [14]. The Lighthill
theory was used to make a numerical model to investigate the effect of the mirror and A-pillar on noise generation. The
modelling research shows that the noise from the A-pillar is higher than the noise from the side view mirror in the whole
frequency range [15]. Furthermore, via a generic model and experimental test in a wind tunnel, noise reduction in the
vehicle body was carried out. The rear-view mirror was attached to the vehicle body by a slotted solid base. The
experimental outcome demonstrates that higher noise decreases can be attained with the increase of airflow rate through
the slot. In addition, the results show that the negative pressure zone in the side view mirror wake area declines and the
vortex center moves upward away from the vehicle wall surface, decreasing the aerodynamic noise from the plate surface
[16]. Moreover, the interaction of a simplified car model and airflow was studied to understand acoustic noise sources
by finite element modelling. As with other investigations, this modeling emphasized that the side view mirrors produce
interior noise in the vehicle [17].

Via the mentioned achievements of studies, geometry modification of side mirrors and noise reduction can be
attained. By geometry, modification can change these parameters, and consequently the sound pressure can be
diminished. Based on a survey carried out among Tiba drivers (a small sedan manufactured by SAIPA Co.), they stated
that the transmitted noise to the passengers is not neglect able. Referring to the specified theory of airborne noise and
the complaints of drivers, the current study is focused on the side view mirror noise reduction of the Tiba, a small sedan
vehicle manufactured by SAIPA, Iran. This effort in noise reduction is described in the following.

2. Research Methodology

In the first step, the current side view mirror of Tiba was tested by outdoor experiments at three forward speeds (80,
100, and 120 km/h). The sound level was recorded via sound data gathering (DAQ) connected to the microphone. Next,
the current mirror was modeled and simulated in ANSY S/Fluent Software. The results of the simulation were compared
to the outdoor test. Finally, the optimized geometry of the mirror was acquired by CFD and it was tested by outdoor
experiments. In the following, the procedure for these steps is described in detail.

2.1. CFD Simulation of Current Model

The sizes and angles of Tiba mirrors were measured accurately, and a model was drawn in Solidworks Software,
which is shown in Figure 1. The 3D model was imported into ANSYS FLUENT for analysis. A rectangle space was
generated as a duct, which included a mirror. The 3D model was meshed, which is exhibited in Figure 2. The parameters
of Broadband solution are stated in Table 1.

Table 1. Simulation parameters

Velocity inlet 33.33, 27.77, 22.22 (mls)
Pressure outlet 0 (pa)
Fluid Air
Analyze model Broadband [k, €]
Flow Turbulence
Mesh Tetrahedron
Number of Elements 1450953
Element size 1-Layer 0.01 (m)
Element size 2-Layers 0.1 (m)
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Figure 2. Two size meshs which were used, and size of coridor (unit: milimiter)

3. Results and Discussion

The sound levels were reached at three forward speeds. At 120 km/h, the maximum sound level was around 99.9 db.
In Figure 3, the sound levels in the X and Z directions are revealed. Similarly, sound levels were obtained at 91 and 87

db at 100 and 80 km/h, respectively.
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Figure 3. (@) Sound level in X-direction, (b) sound level in Z-direction (120 km/h)

3.1. Outdoor Test of Current Mirror

The pressure sound levels of the side view mirror were measured by an installed microphone at three forward speeds.
The results of the outdoor tests at three forward speeds are presented in Figure 4. As can be found, there is a closeness
between CFD simulation and outdoor test sound level measurements. The maximum sound pressure levels were
recorded at 86, 94, and 101 db at 80, 100, and 120 km/h, respectively.
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Figure 4. The maximum sound pressure level measured in outdoor test: (a) 120 km/h, (b) 100 km/h, and (c) 80 km/h

3.2. Geometry Optimization of Mirror

To decrease the generated sound level of the current side view mirror, first a 2D simulation was done to avoid a time-
consuming problem solving process. Through this simulation, the proper cross area of the mirror in 2D space was
reached. Next, this achieved 2D cross area was converted to 3D space by extrusion.

2D Cross Area Optimization

To obtain best cross area of mirror, a half elliptical shape was considered which has two variable diameters: C and
D [11, 18]. This cross area is illustrated in Figure 5.

Figure 5. Cross area of mirror which is considered to optimise

In the 2D CFD simulation, the vertical diameter (D) was kept constant at 136 mm and the horizontal diameter (C)
was changed from 40 to 145 mm. For each iteration, the CFD solution was done for three forward speeds: 80, 100, and
120 km/h. Subsequently, C was kept constant at 90 mm and D was changed. With this scenario, 110 solutions were
executed. The minimum sound level was gained with C=90 and D=110 mm. Figure 6 reveals sound pressure levels by
C and D variations. The selected cross area generated 94 db at a 120 km/h speed. Also, sound pressure levels were
attained at 90 and 85 db at 100 and 80 km/h, respectively.
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Figure 6. variation in sound level by varition of C and D
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The sound pressure level contours and Kinetic energy in 2D simulation are shown in Figure 7.
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Figure 7. (a) Sound pressure level contours, (b) Kinetic Energy
3D CFD Simulation for Optimized Cross Area

The attained 2D cross area was extruded into a 3D model, and CFD simulation was performed to acquire the sound
pressure level of that. The results are presented in Figures 8 to 11 at various forward speeds. The sound pressure levels
were achieved at 89, 85, and 80 db at 120, 100, and 80 km/h, respectively.
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Figure 8. Sound pressure level in Z-direction (120 km/h)
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Figure 9. Sound pressure level in X-direction (120 km/h)
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Figure 10. Sound pressure level in X-direction (100 km/h)
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Figure 11. Sound pressure level in X-direction (80 km/h)

Furthermore, stream line velocity and pressure contours were computed by ANSYS FLUENT Software for both the
current Tiba mirror and the modified mirror. Figure 12 shows the stream line velocity of the Tiba mirror, and Figure 13
illustrates the velocity contours of the modified mirror at 120 km/h forward speed. As can be seen in these pictures, the
turbulent zone in the back of the modified mirror is smaller than the current mirror due to the reduced area of fluctuating
pressure. As with other efforts, the maximum velocity zone is located on the edge [3, 19-24]. The maximum speed of
the modified was 44.3 m/s, while this value was 60 m/s for the current Tiba mirror.

Figure 12. Velocity contures of current Tiba mirror (120 km/h)
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Figure 13. Velocity contures of modified mirror (120 km/h)

In addition to velocity and pressure contours, the current mirror and modified mirror are exhibited in Figure 14. As
can be observed, the high pressure zone in the current mirror is larger than in the proposed mirror. The maximum
pressure for the proposed mirror is 689 Pa, though this value is attained at 704 Pa with the current mirror. It means that
the fluctuating pressure zone is limited by modified geometry, and it reduces turbulent air flow behind the side mirror.

High velocity zones and low pressure zones provide a better understanding of places that may generate aerodynamic
noise [25-27].
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Figure 14. Pressure contours in curent mirror (120 km/h)
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Figure 15. Pressure contours in proposed mirror (120 km/h)
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Outdoor Test of Modified Car Side Mirror

A prototype of a mirror that has been simulated by CFD was made by CNC milling. Next, a manufactured mirror
was mounted on Tiba instead of the original mirror. As with the original Tiba mirror, the outdoor test was performed at
three forward speeds: 80, 100, and 120 km/h. The sound pressure level was measured by a microphone and recorded by
a data logger. The configuration of the instrument and the modified car side mirror is exemplified in Figure 16.

Figure 16. Mounted modified car side mirror on Tiba

The results of outdoor tests are shown in Figure 17. As with the original mirror, there is a correlation between CFD
simulation and PSD recorded.
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Figure 17. The maximum sound pressure level measured in outdoor test: (a) 80 km/h, (b) 100 km/h, and (c) 120 km/h

The maximum sound pressure levels were acquired at 79, 83, and 88 db at 80, 100, and 120 km/h, respectively. The
comparison between the original mirror and the modified mirror in measured sound pressure level is demonstrated in
Figure 18. The percent reduction in sound pressure levels ranges between 8.13 and 12.87%. It is reached by correction
of side mirror geometry and restriction of the fluctuating pressure area and turbulent flow in this zone.
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Figure 18. Comparison between oroginal and modiofied mirror in measured sound pressure level

4. Conclusion

Because some aspects of human life are spent in vehicles on a daily basis, the comfortability of such vehicles is
critical. There are many sources of noise and vibration in vehicles that must be modified by engineering studies. One of
the noises transmitted to the vehicle's passengers is produced by the car's side view mirror. The current paper's aim is to
study airborne noise generated by airflow of the original car side mirror of Tiba and geometry optimization of that with
two approaches: CFD modeling and outdoor tests. The pressure sound level of the original Tiba side view mirror was
measured and reached between 86 and 101 db. It is normal for the sound level to increase when the forward speed of a
vehicle increases. The provided finite element model of the side view mirror shows turbulent airflow contours and
negative pressure. Through this CFD simulation, critical points in the fluctuating pressure zone behind the mirror that
generate negative pressure and turbulent flow that lead to noise generation were obtained. In a 2D simulation, a cross-
section area with a minimum sound pressure level was achieved, and it was extruded into a 3D model. The CFD
simulation of the 3D model shows a noise reduction of around 7 to 12%. The velocity contours revealed that the turbulent
airflow generated by the side mirror was converted to laminar flow approximately. Also, tests were conducted on a 3D
model that was constructed. The results confirmed that noise reduction occurred between 8.13 and 12.87%. To sum up,
this novel geometry can be mounted on Tiba to have lower aeroacoustic noise due to mirror aerodynamics.
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