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ABSTRACT

The generation of wind noise of entrance microphone cavities owing to turbulent airflow is an inherent problem with radio 
telecommunication systems, such as two-way radios. It will lead to a pressure fluctuation which is highly unpleasant and 
would degrade a two-way radio communication. This research aims to understand the relationship between noise level 
and the flow structure of the different parameters to the occurrence of noise during communication using a two-way radio 
device. A noise measurement is conducted to analyse the  sound pressure level (SPL) within a cavity, in which computational 
fluid dynamic(CFD) is  used to investigate the flow behaviour on the various effects of cavity positions at P1, P2, P3, P4, 
and P5 and wind velocities of 0.75 m/s, 1.49 m/s, 2.24 m/s, 2.99 m/s and 3.75 m/s which corresponding to Reynolds number 
(Re) of 8694, 17389, 26083, 34777, and 43471 respectively. CFD result showed the presence of separation of the shear 
layer, the development of vortex shedding, the recirculation region and vorticity were present inside the edges of the cavity. 
SPL increased with an increase in wind velocity and, the cavity distance of P4. In the cavity position of P5, SPL is decreased 
due to the wind velocity exceeding the maximum level of a wind tunnel. Therefore, the cavity position of P5 is suitable for 
reducing wind noise. These parameters are significant for improving the design of two-way radio to reduce the noise during 
outdoor communication.  
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INTRODUCTION

A two-way radio is a radio that can receive and transmit 
radio signals. It has been used to eliminate obscured 
communications at large sites, such as the hospitals, security, 
military installations, oil rig platform. However, the issue of 
unclear audio with background noise is evident because of 
exposure to windy conditions. Wind flow affects the quality 
of the signal. The received signal which, is unclear because 
of the noise induced by the wind creates a signal which may 
be equal to or greater than the voice of the user.  

In general, wind-induced noise can be generated from 
the hydrodynamic instability of the airflow over the cavity. 
Wind flows across an opening cavity produce separating 
vortices and elevated the noise. This noise is also referred 
to as the aero-acoustic phenomenon (Proskurov, 2017). 
This condition can cause significant noise signal disruption 
and damage to the structural integrity of the device system 
(Kook et al. 2002).

A two-way radio has a flow-receiving cavity, hits the 
diaphragm and microphone, and then converts the flow to 
a signal. Figure 1 shows the flow cavity noise mechanism 
Air that flows across the open cavities, creates the vortices. 
These vortices flow until they reach and impact the other 
end (i.e point B), thereby forming strong acoustics that 
propagates in the environment. Noise reaches point A, 

where it stimulates the formation of new vortexes which 
will repeat the process and generates even more noise.

The wind-induced noise phenomenon is produced by 
the wind that impinges on the sharp edges of the microphone 
cavity. The current literature has shown that mechanics of 
this have yet to be fully understood. Previously studies have 
introduced the empirical formula and field measurement to 
determine the wind noise (Morgan et al. 1992; Zhao et al. 
2017). Morgan et al. (1992) explained that the interaction 
of turbulent wind flow impinges upon microphone surfaces, 
which is the primary source of wind-induced noise. They 
conducted an empirical study in a windy environment, using 
bare and shielded microphones at different diameters and 
porosities. Wang et al. (2012) proposed a new technique 
using two shielded microphones to distinguish noise from 
the acoustic signal by utilizing the incoherent output power.  
Their results showed that this technique could estimate 
a reduction in wind noise around 3 to 5 dB. They also 
examined and characterized the wind-induced noise in an 
anechoic wind tunnel under different windshield shapes. 
Zhao et al. (2018) used other method such as microphone 
array, to mitigate wind noise using a microphone array. The 
experimental results showed that the proposed method could 
reduce wind noise by approximaely 10 dB at a frequency 
range of 500 Hz. The majority of the preceding studies have 
considerably focused on outdoor microphone and indoor 
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wind noise measurements. However, a minimal reference 
was noted of the effect of a turbulent flow behaviour that 
impinges on the surface of microphone cavity.

Several studies have used wind tunnel testing and 
computational fluid dynamics (CFD) simulation to perform 
wind-induced noise in a two-way radio. Fisol et al. (2013) 
conducted the wind tunnel test and used sound level 
measurement, to investigate the relationship between wind 
speed and noise level. Their study showed a higher wind 
speed at an angle of attack of 15º when the noise level 
increased. Hashim et al. (2013) investigated the sound 
quality of the two-way radio by measuring the effect of 
angle orientation, wind speed and the intelligibility of the 
received speech signal by threshold hearing level. The 
results showed that the angle leads to the worst noise effect 
induced by wind being at 90° to the leading edge, which also 
shows the highest of sound pressure level. 

Only a few studies have used numerical simulation to 
analyze the flow behaviour. Yow et al. (2013) included a 
numerical solution for evaluating the experimental study 
to minimize the problem of wind-induced noise that exists 
in electronic device outdoors. The result showed good 
agreement in vector speed, profile, and vortex core contour 
between simulation and experimental method. They also 
agreed if the next researcher to use a Rossiter’s formula 
in wind noise. Hairudin et al. (2020) investigated the 
relationship between the cavity and the wind source. The 
results concluded that position the furthest position from 
the wind source is a suitable position to reduce the wind-
induced noise produced. 

Saw et al. (2018) invented a slim tunnel wind port to 
be used for a communication device. They proposed a small 
tunnel at the above of the microphone cavity to reduce the 
noise by the wind. The small tunnel disrupts the turbulence 
formation, which causes discrete vortices when the wind 
moves across the device surface. Therefore, there would also 
be minimal turbulence and wind-induced noise. Qualitative 
method, such as flow visualization and measurement, can be 
used to obtain a better understanding of the noise phenomena 
inside the cavity. Experiments, however, are expensive 
and require complex image processing to generate a good 
image for analysis. Alternatively, a simulation approach 
may be used to analyze the flow structure to reduce the wind 
induced noise.

CFD is a simulation method software for predicting the 
flow field and noise inside a cavity. Liu et al. (2012) used a 
hybrid CFD scheme; ANSYS CFD (Fluent) and ACTRAN 
to investigate development of vortex shedding and the 
acoustic waves within whistle. The Helmholtz resonator 
was used to analyze the result of the measurement. Das and 
Kurian (2013) used ANSYS Fluent to perform a 2D and 3D 
cavity of varying length to width (L/W). The turbulence 
model k-epsilon (RANS) was used to represent the unsteady 
flow field, and self-sustaining pressure oscillations inside a 
cavity. The simulation results showed that the flow field and 
acoustic depend on the cavity width of the cavity. Ravulapati 
et al. (2014) performed a CFD study to understand the 
formation of vortices and separation bubbles inside the 

square and cylindrical cavity at different Reynolds numbers 
(Re). The test results showed that the separation of the 
bubbles occurred at the upper and bottom corner cavities. It 
also showed the results in the cylindrical cavity, specifically 
at higher Reynolds number. Zhang et al. (2010) simulated 
the cavity flow noise using large eddy simulation (LES) 
and FW-H acoustic analogy. The pressure fluctuation inside 
the cavity was investigated and compared to experimental 
results. The findings showed that the comparisons made are 
accurate. Note that numerical studies on cavity within two-
way radio have yet to fully explored flow behaviour and 
noise level within small cavities with low wind speed. 

FIGURE 1. Wind-induced noise mechanism inside a cavity

This research aims is to analyse the flow behavior and 
sound pressure level (SPL) produced within a small cavity 
of two-way radio in the wind tunnel and CFD simulation. 
The current study mainly contributes to the literature on the 
impact of wind induced noise on two way radios. Firstly, 
this study discusses the important relationship between 
cavity distance and the source of the noise. Secondly, the 
current authors understand how vortex formation occurred 
inside the cavity. 

GOVERNING EQUATIONS

The governing equations describing the fluid flow are 
conservation of mass, momentum and energy. The 
conservation of mass of incompressible Navier – Stokes 
equations can be written in a continuity equation as follows:
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The conservation of momentum in x and y direction are 
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Where, u and y are the velocity components in the x and 
y -directions, respectively, p is the pressure, Re = uL

v
__ is the 

Reynolds number, and υ is the dynamic viscosity of the fluid 
inside the cavity. 

The total energy equation (Et) is given as follows:
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METHODOLOGY

CAVITY GEOMETRY

Figure 2 shows a schematic a rectangular cavity model.  
Cavities can be classified based according to ratio of length 
to depth ratio (L/D), where L is the length and D is the depth 
of the cavity. There are three types of cavities; ‘open’ if L/D 
< 10, ‘closed’ if L/D >13 and transitional for 10 < L/D < 
13 (Sridhar, 2012). The rectangular cavity is designed to 
ensure an open cavity flow. The length to depth ratio (L/D) 
is 1.4, with the dimensions of L (0.014m) and D (0.01m), 
respectively.  Figure 3 shows the five cavity position starting 
from P1 (0.01m), P2 (0.044m), P3 (0.078m), P4 (0.112m) 
and P5 (0.146m). The distance of each cavity is based on the 
length of the two-way radio. 

COMPUTATIONAL FLUID DYNAMIC (CFD)

A two-dimensional (2D) geometry airflow over the cavity is 
simulated using the ANSYS FLUENT CFD software. The 
inlet flow conditions were set as U = 0.75 m/s, 1.49 m/s, 
2.24 m/s, 2.99m/s, and 3.75 m/s which corresponding to 
the Reynolds numbers of 8694, 17389, 26083, 34777, and 
43471, respectively. Wind speed is based on the dynamic 
similarity of Reynolds number of 8694, 17389, 26083, 
34777 and 43471 between the two-way radio and fabricated 
specimen. In the Reynolds Average Navier Stokes (RANS), 
the k-ɛ turbulence model was used to describe the transient 
flow field and turbulence characteristics. This model was 
chosen because it has an advantage for outdoor airflow 
and good performance for unsteady oscillation outdoor 
airflow simulation (Mishra et al. 2018). Outlet and upper 
wall boundary condition are selected as pressure far field. 
Pressure based approach was selected for incompressible 
low-speed flows, where the air density is assumed constant 
throughout the simulation. No-slip wall boundary condition 
is used for cavity wall. A semi-implicit method for pressure-
linked equations (SIMPLE) algorithm of the pressure-
velocity coupling was selected to solve the governing 
equations. A time step of 1e-3 second was used in the 
computation. Second-order implicit method and second-
order upwind (space discretization) are chosen for the time 

resolution with 20 iterations for each time step.  A total 
of 211,795 quadrilateral element numbers were created. 
Figure 4 shows a 2D unstructured mesh with uniform quad/
tri meshing method of 0.001m in element size and 1000 
division of edge sizing. Tables 1 summarized the simulation 
parameters. 

TABLE 1. Simulation parameters of the                          
rectangular cavity

Simulation parameters Value
Air density, ρ (kg/m3) 1.225
Kinematic viscosity, ʋ (kg/m.s) 1.7 ˟ 10-5

Pressure, P (Pa) 101,325
Time step size (s) 0.001

FIGURE 2. The schematic diagram of the cavity

FIGURE 3. The cavity position

FIGURE 4: The unstructured mesh

SOUND MEASUREMENT

The experiment was conducted in an open-loop wind tunnel 
in the School of Aerospace Engineering, USM. The open-
loop wind tunnel has a 0.32 m (width) x 0.35 m (height) 
and 0.3m (length) test section and can provide a maximum 
achievable speed up to 11 m/s with a freestream turbulence 
intensity of 0.1%. The cavity model is fabricated by using 
Perspex with a dimension of 0.15 m (height) x 0.291 m 
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(length) x 0.17 m (width), as shown in figure 5(a). The 
fabricated model has five holes on the top, which represented 
as cavities. The wind velocities are measured by using hot-
wire anemometer. The basic of the sound measurement, 
in this case, is three steps. Firstly, the sound measurement 
started with a background noise. Secondly, the effect of SPL 
on the different cavity position and wind velocities were 
measured.

FIGURE 5. The schematic diagram of the test setup.

RESULT AND DISCUSSION

EXPERIMENTAL RESULT: BACKGROUND NOISE

Figure 6 shows the Fast Fourier transform (FFT) graph 
of background noise and wind noise of the cavity model.  
According to this figure 6 (a) and 6(b), the amplitude sound 
pressure (Pa) of the background noise is 0.02 Pa which 
corresponds to 60 dB; meanwhile, the wind noise graph 
shows the value of 0.07 Pa corresponding to 70.8 dB. It 
also shows that the peak noise level is around below 500 
Hz, 787.5 Hz and as well as at 4 kHz. The test showed that 
wind noise shows a higher sound pressure level compared 
with the background noise level. The background noise in a 
wind-tunnel must be lower at least 10 dB than with a cavity 
model, as stated by Pascioni et al. (2014) and Kucukosman 
et al. (2018).

EXPERIMENTAL RESULT: COMPARISON BASELINE (WITHOUT)      
AND WITH CAVITY

EFFECT OF WIND VELOCITY AND CAVITY POSITION

Figure 7 shows sound pressure against frequency at 
different wind velocity with varied cavity position of P1, 
P2, P3, P4 and P5. This figures showed  that the wind-
induced noise occurs at a low frequency of 24 Hz. Figure 
8(a) showed that sound pressure (Pa) is increased with 
the increase of wind velocity from 0.75 m/s to 2.99 m/s. 
However, the sound pressure (Pa) at 3.75 m/s is slightly 
reduced at the cavity position of P5. Evidently, noise level 
increased with increasing the wind speed, as determines 
by Zhang et al. (2010). However, the noise level is reduced 
when the cavity distance is far from the wind source. It is 
due to the wind velocity has reached the maximum level 
of the wind tunnel.

TABLE 2. Summary of experimental result

Reynold 
numbers

Velocity 
(m/s)

Sound Pressure (Pa)
P1 P2 P3 P4 P5

8694 0.75 0.022 0.020 0.027 0.039 0.044
17389 1.49 0.024 0.024 0.027 0.031 0.052
26083 2.24 0.027 0.021 0.023 0.034 0.060
34777 2.99 0.028 0.026 0.027 0.038 0.055
43471 3.75 0.025 0.037 0.027 0.029 0.071

NUMERICAL SIMULATION RESULT

EFFECT OF CAVITY POSITION

Figure 8 shows the velocity contour for Reynold number 
of 43471 and the following flow phenomena are observed 
in the periodic cavity flow. Firstly, free stream is separated 
inside the cavity and concentrated at the leading edge wall. 
Secondly, flow separation impinges on the trailing edge 
wall. Thereafter,  it produces a shear layer that reattaches 
with the flow inside the cavity. The vortex is observed at 
the upstream trailing edge, and a circulation region fills 
downstream of the cavity, which is shown clearly in Figure 
8(d). These findings are in agreement with Ravulapati et al. 
(2014), in which the shear layer interaction appeared near 
the corners. Figure 9 shows the vorticity contour in a cavity 
of the Reynolds number of 43471. These contours indicate 
the increasing the cavity distance also increases the vortex 
region which is consistent with Aradag et al. (2017). Figure 
10 shows that at 10 mm of the vertical position (y/L), the 
peak velocity inside the cavity U/U∞ is at P5, which is 
U/U = 0.86 m/s, followed by P4 (U/U∞ = 0.75 m/s), P3(U/
U∞ = 0.65 m/s), P2 (U/U∞ = 0.60 m/s) and  P1  (U/U∞ = 
0.26m/s). It shows that by increasing the cavity position, the 
velocity is also increased. 

EFFECT OF REYNOLDS NUMBER

Figure 11 shows the velocity contour of different Reynolds 
number for cavity position at P5. The flow begins separated 
at Re = 17389 and produced a recirculation region called 
vortex inside the cavity. This recirculation region is also 
observed clearly at increasing the Reynold number (Re) 
of 26083, 34777 and 43471. Figure 12 shows that the low 
Reynolds number produces shear layer separation at the 
upstream leading edge and trailing edge. However, the two 
small corner vortices grow slightly in volume when reached 
Reynold number of 34777 and 43471. The results are due 
to the higher velocity produced thick flow separation shear 
layer that was created earlier at the upstream of the cavity. 
Therefore, these positions received substantial airflow 
compared with the first wind velocity. The velocity at the far 
location of P5 had increased. The velocity of the fluid flow 
inside the cavity increases as the Reynold number increases. 
Thus, this phenomenon showed that vortex flow influences 
the pressure and velocity inside the cavity.
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(a) (b)
FIGURE 6. (a) Background noise (b) Wind noise

(a) P1 (b) P2

(c) P3 (d) P4

(e) P5
FIGURE 7. Sound pressure (Pa) against frequency (Hz) with varied cavity position and wind velocity
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FIGURE 8. Velocity contour of different cavity position FIGURE 9. Vorticity magnitude of different cavity position

FIGURE 10. Comparison of velocity profile with different cavity position under Reynolds number of 43471.

TABLE 3. Velocity contour at the cavity floor at Reynolds number 43471

Cavity Position Velocity (U/U∞)
P1 0.239

P2 0.326
P3 0.371
P4 0.740
P5 0.822

FIGURE 11. Velocity contour of different cavity position FIGURE 12. Vorticity magnitude contour of different cavity 
position

To reveal the cavity flow pattern inside the cavity at 
different Reynolds number, the vorticity magnitude contours 
for the case cavity position (P5) are shown in Figure 12. 
This figure shows the vortex shear layer interactions are 
observed at the leading edge, trailing edge and downstream 
of the cavity position (P5). This region is considered as the 
primary noise source (Koschatzky et al. 2011).  The vorticity 
regions become weaker may be due to the lower wind speed 
or cavity is too close to the upstream corner. Even though 

the formation of vortex shedding is very weak, this vortex 
still causes a low-frequency wind-induced noise as stated by 
You et al. (2007), where the tip leakage vortex also causes a 
high noise level. 

Figure 13 shows the comparison velocity profile at 
different Reynold numbers for cavity position (P5). The 
velocity inside the cavity increases with an increase in 
the Reynolds number. Overall, every curve has a similar 
variation. 
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CONCLUSION

This research studied SPL and flow structure behavior 
using wind tunnel test and CFD simulation at different 
parameters, such as cavity position and Reynolds number of 
the microphone cavity for two-way radios. The conclusion 
are as follows:

1. Wind tunnel test revealed that noise level increases 
with increasing wind velocity. However, noise level 
has only reached up to the maximum velocity at a 
particular cavity (i.e., P4). Noise level at cavity position 
P5 is reduced owing to the distant location from the 
wind noise. It shows that the cavity position of P5 is a 
suitable distance to reduce the wind noise.

2. The evolution of vortices inside the cavity appeared 
clearly from Re = 26083 to Re = 43471. Accordingly, 
the vortex increases when the Reynolds number 
increases.
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