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Perforation metal plates with dense holes are often used as external curtain walls of high-rise buildings. When air flow passes
through these holes at a high speed, complex vortex is generated and causes a significant issue of wind-induced noise. In this study,
bothReynolds-averagedNavier–Stokes (RANS) simulations and large-eddy simulations (LES)were conducted to study flow around
high-rise buildings with an external sunshade curtain wall. First, wind speed distributions at the height of a typical level under 16
wind directions were acquired. Then, the maximum wind speed ratio and its corresponding azimuth were identified. Second, the
sound pressure levels in the vicinity of the shading devices with two types of perforation plate schemes were calculated to evaluate
the acoustic characteristics by using the FW-H equation to simulate sound generation and propagation. The results indicate that
the maximum wind speed around the buildings exists at the building corners, and the maximum wind speed ratio is 2.8 observed
at 0-degree wind direction. Under two different wind conditions, the aeroacoustic performance of perforation plate is enhanced
with reducing end plate size and increasing aperture size. The overall sound pressure level (OSPL) and A-weighted sound pressure
level (ASPL) around the shading devices are 80 dB and 68 dB(A), respectively, for the improved perforation plate scheme under
the 1-year return period maximum speed, which are changed to 58dB and 45dB(A) under the annual average speed. Therefore, it
is believed that perforation plates with small end plate size and large aperture size are desirable for the noise prevention design of
shading devices.

1. Introduction

Efficient use of energy during the entire life cycle of buildings
is imperative due to increasing energy demands in the
construction industry [1]. The main factors for designing
energy-efficient buildings are walls, roof, orientation, size of
openings, ratio of window/wall area, and shading devices [2,
3]. Shading devices should be designed to maximize shading
and hence minimize heat gain in summer, while maximizing
indoor sunshine in order tomaximize heat gain in winter [4].
To enhance the performance of shading devices, perforation
metal plates with dense holes are often used as the curtain
walls of high-rise buildings, as shown in Figure 1. At the upper
levels of high-rise buildings, wind exhibits strong fluctuations
due to highwind speeds [5, 6].Whenwind passes through the
holes, violent irregular vortex shedding occurs and the wind

fluctuation itself can generate a large aeroacoustic [7], which
is one type of wind-induced noises.

As reported in a number of recent studies, noise pollution
continues to be a major health issue in urban area, especially
areas close to road traffic[8, 9], railway traffic [10, 11],
and airport [12, 13]. The detrimental effects produced by
noise to health are well-known, such as annoyance [14],
sleep disorders with awakenings, learning impairment [15],
and hypertension ischemic heart disease [16]. Furthermore,
wind-induce noise is comparable to wind turbine noise and
is recognized as a very highly annoying noise source [17].
Apparently, wind-induced noise beyond a certain threshold
significantly affects human living inside buildings.Therefore,
in the design phase, it is crucial to carefully select the type
of shading devices for buildings in order to control wind-
induced noise under an acceptable level.
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(a) Shading devices outside the curtain wall of build-
ings

(b) Perforated plates and curtain walls

Figure 1: Curtain wall system with shading devices for energy conservation in high-rise buildings.

The research methods for wind-induced noise are sim-
ilar to other studies in the field of wind engineering, and
they are classified into three approaches: field measurement,
wind tunnel test, and numerical simulation. Usually, wind-
driven ambient noise in the natural environment is gener-
ally obtained by the method of field measurement [18–21].
Because the noise of a microphone affects the accuracy of
the noise measurements in an outdoor environment [22, 23],
Alamshah et al. [24] invented a new approach to distinguish
the contribution of the wind-induced noise from an acoustic
signal by the incoherent output power analysis of two micro-
phone signals. An arrangement of minimizing the wind-
induced noise was obtained by a series of indoor experiments
in a small anechoic wind tunnel. Chen et al. [25] made an
acoustic imaging which was performed in a classical closed-
section wind tunnel that had been extensively modified using
specifically designed liners on the walls of the test section. Liu
et al. [26] designed a small-scale aeroacoustic wind tunnel
to study both aerodynamic and aeroacoustic performance of
aircraft components or scaled models. CansevKüçükosman
et al. [27] developed a remote microphone technique for
aeroacoustic measurements in large aerodynamic wind tun-
nels. In the technique, the microphone and its connecting
line to the sensing port were fitted within an aerodynamically
streamlined fairing. However, due to the complexity of the air
flow around buildings and limitation of space size of the wind
tunnel, the acoustic wind tunnel is rarely used to study the
wind-induced noise of buildings with shading devices.

Under this background, numerical simulation has
become an important approach to study wind-induced
noise. With the rapid development of computational
fluid dynamics, significant progress has been made in
the numerical simulation of wind-induced noise, and
its application in the field of engineering is becoming
increasingly extensive, such as in the study on aerocrafts [28],

vehicles [29], and wind turbines [30]. Zhang et al. [31] used a
broadband noise source model based on Lighthill’s acoustic
theory to perform numerical simulations of the aerodynamic
noise sources for a high-speed train. In this method, the
near-field unsteady flow around a high-speed train was
analyzed based on a delayed detached-eddy simulation
(DDES) using the finite volume method with high-order
difference schemes, while the far-field aerodynamic noise
from a high-speed train was predicted using a computational
fluid dynamics (CFD)/Ffowcs Williams–Hawkings (FW-H)
acoustic analogy. Mohamed [32] introduced an innovative
design of the lift VAWTs (vertical axis wind turbines)
to reduce the noise emissions. The aerodynamics field
of the new design had been investigated numerically to
obtain the generated noise from new blades. Hashem et al.
[33] introduced an aeroacoustic computational study that
investigates the noise caused by one of the most promising
wind energy conversion concepts, namely, the “Wind-
Lens” technology. Comparison of the noise emitted from
the bare wind turbine and different types of Wind-Lens
turbine revealed that the Wind-Lens generated higher noise
intensity. These above work has made a good application
to simulate the wind-induced noise and solved a series of
problems in engineering, but there is not much research
on the wind-induced noise of building enclosure. Only a
few relatively simple attempts have been found in the public
literature. Li et al. [34] performed a numerical simulation of
a rectifying device with a perforation plate. The application
range on the downstream side of the perforation plate was
studied based on a numerical simulation of the resistance
characteristics of perforation plates. Qu [35] researched the
effects of built environment morphology on wind turbine
noise exposure at building facades. Wang et al. [36] revealed
the mechanism of the flow-induced sunroof buffeting noise
of a simplified cavity model through computational and
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experimental studies. In comparison, less attention had
been paid to wind-induced noise in buildings. Kim et al.
[37] performed a large-eddy simulation to obtain the wind
field and then predicted the wind-induced noise around
a building by solving the SYSNOISE Rev5.6Beta program.
The comparison between the experimental and numerical
simulation results showed that the peak sound pressure
level (SPL) exhibited very similar trends. Martello et al.
[38] analyzed the direct and flanking sound transmission
between rooms with curtain wall facades.

In this paper, three buildings with a height of about
100m in Guangzhou of China are selected as research objects,
shown in Figure 1. The aeroacoustic performance of the
triangular hollow cavity enclosed by perforation aluminum
plates on the facade of the curtain wall is studied in detail.
The relevant evaluation indexes of wind-induced noise are
obtained and compared by simulating the different perfora-
tion plate schemes, which provides a useful reference for the
optimization of curtain wall system with external sunshade
and plays a good guiding role for the actual engineering
design.

2. Numerical Simulation Method

2.1. Governing Equations of Fluid. In the field of simulation
of the flow around buildings, a Newton fluid with a shear
stress is considered as an incompressible fluid.The basic gov-
erning equation is the Navier–Stokes equation, including the
continuity and momentum equations. The commonly used
methods for turbulence simulation include the Reynolds-
averaged Navier–Stokes method (RANS) and large-eddy
simulation (LES). In viewof the two scales of flowphenomena
and efficiency of computation, the RANS method is used to
calculate the flow field around the buildings.The LESmethod
is used to calculate the flow field around the perforation
plates. Among these, formula (1) is the continuity equation
of an incompressible fluid, and formula (2) is the momentum
equation with time average considered in RANS. Formula (3)
is the momentum equation in LES.

𝜕 (𝜌𝑢𝑖)𝜕𝑥𝑖 = 0 (1)

𝜕
𝜕𝑥𝑗 (𝜌𝑢𝑖𝑢𝑗) = − 𝜕𝑝

𝜕𝑥𝑖 +
𝜕

𝜕𝑥𝑗 (𝜇 𝜕𝑢𝑖𝜕𝑥𝑗 − 𝜌𝑢𝑖𝑢𝑗) (2)

𝜕𝜌𝑢𝑖𝜕𝑡 + 𝜕
𝜕𝑥𝑗 (𝜌𝑢𝑖𝑢𝑗) = − 𝜕𝑝

𝜕𝑥𝑖 +
𝜕

𝜕𝑥𝑗 (𝜇 𝜕𝑢𝑖𝜕𝑥𝑗) − 𝜕𝜏𝑖𝑗
𝜕𝑥𝑗 (3)

where 𝜌 is the air density, 𝑢𝑖 is the mean velocity, 𝑢𝑖 is
the fluctuating velocity, 𝑝 is the mean pressure, and 𝜇 is
the kinematic viscosity coefficient. The group of equations
is not closed in formula (2) owing to the introduction
of the Reynolds stress term considering the effect of the
fluctuating variables. Therefore, only when the turbulence
model is introduced, the equation can be calculated and
solved after the equations have been closed. In this study, the
renormalization group (RNG) 𝑘 − 𝜀 two-equation model is
used. In formula (3), 𝜏𝑖𝑗 is the subgrid Reynolds stress. In
this study, the Smagorinsky–Lilly subgrid model is used to
represent the subgrid Reynolds stress.

2.2. Simulation Method of Wind-Induced Noise. The Fowcs
Williams–Hawkings (FW-H) equation has been used to sim-
ulate the generation and propagation of sound, and the sound
generated by an equivalent noise source is predicted based on
the acoustic approximation model of the Lighthill equation.
In this method, the near-field flow is directly obtained by
the governing equation, and the acoustic pressure data are
obtained by solving the integral of the other equations.When
the sound pressure is calculated by integration with the FW-
H equation, the time delay between the firing and reception is
taken into account by the forward projection.Thus, the sound
pressure and unsteady flow field are calculated concurrently,
and then the sound pressure level is obtained.

The FW-H equation is derived from the continuity
equation and Navier–Stokes equation; it is as follows:

1
𝑎
𝜕2𝑝
𝜕𝑡2 − ∇2𝑝

= 𝜕2
𝜕𝑥𝑖𝜕𝑥𝑗 {𝑇𝑖𝑗𝐻(𝑓)}

− 𝜕
𝜕𝑥𝑖 {[𝑝𝑖𝑗𝑛𝑗 + 𝜌𝑢𝑖 (𝑢𝑛 − V𝑛) 𝛿 (𝑓)]}

+ 𝜕
𝜕𝑡 {[𝜌0V𝑛 + 𝜌 (𝑢𝑛 − V𝑛)] 𝛿 (𝑓)}

(4)

where 𝑢𝑖 is the velocity component of the fluid in 𝑥𝑖 direction,𝑢𝑛 is the fluid velocity component of a vertical surface, 𝛿(𝑓)
is the Dirac delta function, 𝑝 is the far-field sound pressure,
and 𝐻(𝑓) is the Heaviside function.
3. Simulation of the Wind Velocity
Distribution around the Building

3.1. Computational Domain, Model Geometry, and Grid Type.
The factors determining the flow field and sound pressure
field around the external sunshade include two main aspects:
the overall flow field around the buildings and local flow
around the perforation plate cavity.The building exterior flow
field is determined by a wide range of building environments.
To obtain detailed and accurate information of the flow, the
group building model within a radius of 600 m around was
sketched on the ICEM platform in ANSYS FLUENT 14.0,
where the dimension of computational domain was 3000m ×
3600 m × 500 m (L ×W ×H, corresponding to the x, y, and z
axes, where the z axis corresponds to the height direction),
respectively, providing wind with sufficient space to fully
develop.The blockage ratio is 3.2%, less than the threshold of
5%. Group buildings model and the computational domain
are shown in Figure 2.

In addition to dimension of computational domain,
simulation workload is determined by grid number, which is
in close relation to grid resolution. Meanwhile, grid quality is
an important indicator, in relation to simulation convergence
and local accuracy. The computational domain is discretized
by tetrahedral unstructured grids, the minimum mesh size
of the building surface is 1 m, and the total mesh number is
approximately 10 million, which is shown in Figure 3.
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Figure 2: Group buildings model and the computational domain.

Figure 3: Grids on the surfaces of the buildings.

3.2. Turbulence Model and Boundary Conditions. The wind
profile of large-size wind events in the atmospheric boundary
layer (ABL) usually obeys logarithmic law. However, a power
law formula that can estimate changes in mean wind speed
with height under large-size synoptic winds is commonly
used due to its simple expression [39, 40]. Therefore, the
power law formula is used in ‘Load Code for the Design of
Building Structures of China’ (GB 50009-2012) to describe
meanwind speed profile and turbulence intensity profile over
four different terrain categories, which are shown in [41]

𝑢 (𝑧) = 𝑢10 × ( 𝑧
𝑧10)
𝛼

(5)

𝐼 (𝑧) = 𝐼10 × ( 𝑧
10)−𝛼 (6)

where 𝑢(𝑧) is the wind speed at the height of 𝑧 and 𝑢10 is
the wind speed at the reference height of 10m. The power 𝛼
is related to the terrain roughness, which is determined by
terrain types. In this study, this factor is assumed to be 0.22
for all wind directions. 𝐼(𝑧) is the turbulent intensity at 𝑧
height, which is associated with wind flow fluctuation. 𝐼10 is
the turbulence intensity at the reference height of 10m and set
as 0.22.
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Figure 4: Schematic of the wind angles.

Turbulent kinetic energy 𝑘(𝑧) and turbulent dissipation
rate 𝜀(𝑧) are given in (7) and (8)[42, 43]. They are used to
define the inlet turbulent boundary condition.

𝑘 (𝑧) = 1.5 [𝐼 (𝑧) × 𝑢 (𝑧)]2 (7)

𝜀 (𝑧) = 𝐶3/4𝜇 𝑘 (𝑧)3/2
𝐿𝑢 (8)

where 𝐿𝑢 is the characteristic length of computational
domain and set as 100m. 𝐶𝜇 is an empirical constant and set
as 0.09.

Wind flow in CFD simulation has been considered as
turbulent and steady but incompressible viscous fluid, which
is characterized by Navier–Stokes equations. RNG 𝑘-𝜀 turbu-
lence model was employed to perform numerical simulation.
For the solver setting, SIMPLE pressure-velocity coupling
algorithmswere adopted, and Second-OrderUpwind Scheme
was adopted to discretize momentum, turbulent kinetic
energy, and turbulence dissipation rate. It is assumed that
simulation reaches its convergence when residuals of x, y, z
momentum, k, 𝜀, and continuity are less than 10-5.

Figure 4 depicts the different wind angles (𝜃). A total of
16 wind angle simulations are conducted, with an angular
interval of 22.5∘. To not affect the result of the numerical sim-
ulation, the partial sun shading component of the building is
simplified.

3.3. Wind Field Simulation Results. The wind velocity ratio
(VR) is employed to assess the airflow performance of the
proposed construction area and the impact between the
proposed construction area and its surroundings. VR is
defined by the following formula:

𝑉𝑅 = 𝑉𝑝
𝑉10 (9)
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Figure 5: Occurrence probability of wind directions and speeds at a one-year return period under 16 wind directions in Guangzhou.

where 𝑉10 represents the incident wind speed at the height
of 10m above the ground, which is unaffected by the down-
stream buildings. 𝑉𝑝 is the wind speed at the typical height
(set as 80m above the ground in this study) after taking the
effects of buildings into account.

The wind speed distribution around the building can
be obtained by combining the simulated wind speed ratio
with the local wind climate data. Guangzhou is located
in the subtropical monsoon area, and its prevailing wind
direction changes significantly in the seasons. According to
the statistics of the historical records of Guangzhou mete-
orological station (from 1962 to 2015), the prevailing wind
direction in Guangzhou is north azimuth with an occurrence
probability of 12.4%, followed by the southeast azimuth
with an occurrence probability of 8.6%. Furthermore, wind
speeds at a one-year return period under each wind direction
can be calculated. Both the occurrence probability of wind
directions and wind speeds at a one-year return period under
16 wind directions are shown in Figure 5. It can be seen that
the maximum wind speed occurs in the north azimuth with
a speed of 9.21m/s. The annual wind speed can be calculated
and the result shows that the average annual wind speed
of Guangzhou is only 1.9m/s. From October to March, the
average wind speed is slightly larger and the speed in each
month is ranging from 1.9 to 2.1m/s. Meanwhile, the average
wind speed from April to September is smaller, ranging from
1.6 to 1.9m/s.

The wind speed distribution of a typical level under 16
wind directions is extracted. Figure 6 shows the contours of
the wind speed ratio around the three towers in selected typ-
ical wind directions. It can be seen that the wind accelerated
through the two tall buildings on the north side, and the wind
speed is maximum at the edge area of tower B at wind angle𝜃 = 0∘. At wind angle 𝜃 = 90∘, the wind speed is higher
in the passageway between tower A and the north high-rise

building. There are dense residential groups on the west side
of the upper reaches of the site, while the east side is relatively
wide. Therefore, at wind angle 𝜃 = 180∘, there is no obvious
interference in the upstream, and thewind speed ismaximum
around towers A and B. At wind angle 𝜃 = 270∘, the shelter
effect of the west residential group is obvious.

The maximum wind speed ratio 𝑉𝑅𝑖 and wind speed
around each tower at different wind angles are listed in
Table 1. We can see that the maximum wind speed ratio 𝑉𝑅𝑖
is found around tower B at 𝜃 = 0∘ and tower A at 𝜃 =22.5∘, and the corresponding wind speed ratios are 2.80 and
2.33, respectively. Twowind conditions are considered for the
following wind-induced noise simulations of the perforation
plate. The wind angle 𝜃 = 0∘ is the case with the maximum
wind speed, and the speed of 25.8m/s is set as the input wind
speed. On the other hand, the wind angle 𝜃 = 0∘ is also the
case with the annual averagewind speed, and the settingwind
speed is 5.3 m/s.

4. Local Wind-Induced Noise of
the Perforation Plates

Based on the results of analysis of the entire flow field around
the building, the wind speed information of the typical
area with maximum wind speed is extracted and the local
perforation plate unit was established in detail. Then the flow
field analysis and unsteady LES are performed to obtain the
small-scale vortex shedding of flow around the perforation
plate. Finally, the FW-H equation is solved to simulate
sound generation and propagation, and the wind-induced
overall sound pressure levels (OSPL) and A-weighted sound
pressure levels (ASPL) are calculated to evaluate the acoustic
characteristics.

The vertical sunshade component of the facade of the
building curtain is a triangular hollow body surrounded by
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(a) 𝜃 = 0∘ (b) 𝜃 = 45∘

(c) 𝜃 = 90∘ (d) 𝜃 = 135∘

(e) 𝜃 = 180∘ (f) 𝜃 = 225∘

(g) 𝜃 = 270∘ (h) 𝜃 = 315∘

Figure 6: Contours of the wind speed ratio distribution around the buildings at typical wind angles (𝜃).
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Table 1: Maximum wind speed ratio 𝑉𝑅𝑖, wind speed, and its location around the building under 16 wind directions.

𝜃 (∘) 𝑉𝑅𝑖 Speed(m/s) Location 𝜃 (∘) 𝑉𝑅𝑖 Speed(m/s) Location
0 2.80 25.8 Tower B 180 2.03 13.1 Tower A&B
22.5 2.33 19.8 Tower A 202.5 0.56 3.6 Tower B
45 2.07 14.4 Tower B 225 1.35 8.6 Tower B
67.5 2.05 16.9 Tower A&B 247.5 1.46 8.4 Tower B
90 1.90 15.9 Tower A 270 1.83 10.1 Tower B
112.5 1.85 13.8 Tower C 292.5 1.66 8.4 Tower C
135 1.83 14.1 Tower C 315.5 1.37 8.7 Tower B&C
157.5 2.11 14.9 Tower B 337.5 1.76 15.1 Tower A

curtain wall

perforation plate

end plate

(a) Cross sectional (b) Hole arrangements of the perforation plate

Figure 7: External sunshade perforation structure diagrammatic sketch.

perforation aluminum plates, and the cross-section of the
component is shown in Figure 7(a). The two-sided plates are
perforated with diamond shaped units, and the end is a long
narrow solid plate. Each diamond unit is arranged regularly
by three specifications of the aperture, and its plane expansion
diagram is shown in Figure 7(b). To obtain a better structure
of the sunshade, the wind-induced noise simulation analysis
is performed for two types of perforation plate schemes. In
scheme 1, the width of the end plate is 70 mm and the side
plate bore diameters are 6 mm, 7 mm, and 12 mm, whereas in
scheme 2, the width of the end plate is 50 mm, and the side
plate bore diameters are 11 mm, 13 mm, and 22 mm.

4.1. Computational Domain and Boundary Conditions. A
physical model is established according to the actual geom-
etry and size of the sunshade, where the dimension of
computational domain was 5.0 m × 1.0 m × 5.0m (L × W× H). The computational domain is discretized by tetra-
hedral unstructured grids, the minimum mesh size of the
perforation plate is 0.001 m, and the total mesh number is
approximately 4.63 million, shown in Figure 8.

The numerical calculation is performed in two stages.
First, the steady-state flow field distribution and noise source
location are obtained by the steady-state analysis of the flow
field. In the second stage, LES is used to obtain the unsteady
results. In the unsteady state simulation, the time step is set at5.0 × 10−6 s to capture the main sound frequency band of the
human body sensitivity, and 60000 time steps are calculated.

Each wall of the perforation plate is set as a noise source
when the unsteady sound pressure field is simulated, and
the sound pressure signal files are stored after every 500
time steps. After the calculation, a series of sound pressure
time history data can be obtained. To analyze the noise
generated by the flow field around the sunshade, a series of
acoustic pressure receiving points (receiver) are defined on
thewindward side of the perforation plate, inside of the cavity,
leeward side, and position of the attachment. The maximum
distance between the holes and receivers is 1.25m. The exact
location of the receiving points is shown in Figure 8(c).

4.2. Sound Pressure Level of the Receiving Points. OSPL
can be obtained by accumulating the sound pressure level
produced by all sources at the receiving point. Nevertheless,
because the response of the human ear to the sound at
different frequencies is different, the OSPL which is obtained
by accumulating all the sound pressure at all frequencies
cannot fully reflect the nonlinear response of the human ear
to the sound frequency. Compared with the overall sound
pressure level, A-weighted sound level reflects the human ear
frequency response more accurately. When calculating the
A-weighted sound level, the sound pressure level is reduced
according to the formula before the low-frequency and high-
frequency sound pressure levels are added together.

For the maximum wind speed condition at 1-year return
period, the OSPL and ASPL at the receiving points near the
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(a) Computational domain (b) Grid distribution (c) Receiving points

Figure 8: Computational domain, grid distribution, and sound pressure receiving points’ diagrammatic sketch.
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Figure 9: Comparison with sound pressure level of each receiver for the maximum wind speed condition at 1-year return period.

shading devices under the two schemes are shown in Figures
9(a) and 9(b). For scheme 1, the OSPL in a perforation plate
receiving point R1, cavity internal receiving point R7, and
perforation plate leeward downstream receiving point R10 are
73 dB, 79 dB, and 81 dB, respectively, and the corresponding
ASPL are 70 dB (A), 75 dB (A), and 76 dB (A). For scheme
2, the OSPL in R1, R7, and R10 are 64 dB, 80 dB, and 73
dB, respectively, and the corresponding ASPL are 53 dB (A),
68 dB (A), and 56 dB (A), respectively. Scheme 2 effectively
reduces the level ofwind-inducednoise by reducing thewidth
of the end plate and increasing the size of the perforation.

For the annual average wind speed condition, the OSPL
and ASPL at the receiving points near the shading devices
under the two schemes are shown in Figures 10(a) and 10(b).
For scheme 1, the OSPL in R1, R7, and R10 are 58 dB, 72 dB,

and 72 dB, respectively, and the corresponding ASPL are 45
dB (A), 54 dB (A), and 53 dB (A), respectively. The OSPL in
R1, R7, and R10 are changed to 36 dB, 58 dB, and 50 dB; the
correspondingASPL are changed to 24 dB (A), 45 dB (A), and
33 dB (A) for scheme 2.

4.3. Sound Pressure Level of Receivers in Frequency Domain.
To analyze the mechanism of wind-induced noise in the two
schemes, the distribution curve of sound pressure intensity
in each frequency range could be obtained by fast Fourier
transform of the sound pressure time history obtained at each
monitoring point.The 1/3 octave soundpressure distributions
of the key points R1, R7, and R10 under two schemes are
given in Figures 11 and 12, respectively, for the maximum
wind speed condition at 1-year return period. As shown in
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Figure 10: Comparison with sound pressure level of each receiver for the annual average wind speed condition.
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Figure 11: Sound pressure level distribution of typical receivers under scheme 1.
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Figure 12: Sound pressure level distribution of typical receivers under scheme 2.

the diagrams, in scheme 1, the sound pressure distribution at
each monitoring point has obvious peaks at 2000∼4000 Hz
frequency section, whereas in scheme 2, the sound pressure
frequency distribution tends to be flat.Thus, the aerodynamic
characteristics of the perforation plate can be enhanced by
varying the width of the end plate and increasing the size of
the perforation.

5. Conclusion

In this study, Reynolds-averaged Navier–Stokes (RANS)
simulations, large-eddy simulations (LES), and Lighthill’s
acoustic method have been conducted to study flow around
high-rise buildings with external sunshade curtain wall. Both
the wind speed distributions around the buildings and the
sound pressure levels in the vicinity of the shading devices
have been analyzed. The main findings are summarized as
follows.

(1) According to the statistics of the historical records
of Guangzhou meteorological station, the maximum wind

occurs in the north azimuth with a speed of 9.21m/s at 1-year
return period. The average annual wind speed of Guangzhou
is only 1.9m/s.

(2)Themaximumwind speed around the buildings exists
at the building corners under all simulated 16wind directions.
The maximum wind speed ratio is 2.8, which occurs at 0
degree wind direction.

(3) The overall sound pressure level (OSPL) and A-
weighted sound pressure level (ASPL) around the shading
devices are 80 dB and 68 dB(A) for perforation plate scheme
2 under the 1-year return period maximum speed, which
are reduced to 58dB and 45dB(A) under the annual average
speed.

(4) The aeroacoustic performance of perforation plate
scheme 2 is better than that of perforation plate scheme 1,
because wind-induced noise caused by the shading devices
has been reduced effectively. Therefore, it is believed that
perforation plates with small end plate size and large aperture
size are desirable for the noise prevention design of shading
devices.
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