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Abstract. Wind power is considered one of the main farms including noise pollution, which mainly occur due
sources of renewable energy in the market today. In this to the formation of unsteady vortices on many scales
study, different sizes and directions of channels were behind the trailing edge of the wind turbines. It is
created inside the NACA 0012 aerofoil, and the effect of annoying, especially for people and wildlife who live
these channels were investigated on aerodynamic noise close to wind turbine farms.
and aerodynamic performance, experimentally and During the last several decades, many researchers have
numerically. The results have shown several factors that tried to address this problem, especially as the number of
could affect the aerodynamic noise such as flow velocity, farms have increased and moved closer to towns and cites
angle of attack, and trailing edge blowing injection. The to meet increasing demands for renewable energy [2-4].
study also concluded an increase in drag coefficients and Fite et al. [5] investigated, experimentally and
a decrease in lift coefficients for all channeled samples numerically, the effect of trailing edge flow injection on
compared to the regular aerofoil. In contrast to the fan noise and aerodynamic performance. Trailing edge
studies that showed improvements in the aerodynamic blowing injection was used to reduce the wake momentum
performance of supersonic channeled aerofoils, this study deficit of the fan blade. The study concluded that this
done under subsonic flow showed an increase in drag and technique reduced the overall sound power level by 2 dB
decrease in lift. with an average reduction of about 1.5 dB of broadband
noise up to 20 kHz. Tone noise was reduced up to 6 dB in
Key words. Wind noise, aerodynamic performance, the 2 Blade Pass Frequency (BPF) tone at 6700 rpm. The
channelling of NACA 0012 aerofoil. results also indicated that there is no reduction in the

aerodynamic performance. Some other studies focused on

using porous material on the trailing edge as a possible
1. INTRODUCTION approach to reduce the npise. Geyer et al. [6] in\_/estigat_ed
' noise using several different porous materials with
different chord wise extent. An open jet wind turbine was
used with a set of microphones to collect the sound data
including the aerodynamic performance measurement at
the same time. The results concluded that porous trailing
edge material reduces the noise with no loss in the
aerodynamic performance as the aerofoil is non-porous
except the trailing edge. In this study channels were
injecting the flow at the trailing edge or near the trailing
edge on one of the aerofoil sides, and this worked as a
wake filling strategy.
Many studies also focused on improvement of the
aerodynamic performance by decreasing the lift and drag

The world is looking for alternative and renewable
sources of energy to combat the many environmental
problems facing the world today from ubiquitous use of
fossil fuels. Wind is one of the most promising sources of
renewable energy moving forward as it is not only getting
cheaper but also becoming more popular and resilient
among energy sources. In fact, the global market of wind
energy has nearly quadrupled in size in the last decade
reaching 743 GW in 2020 [1].

However, the considerable expansion of wind turbine
farms also creates problems arising from the operation of
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ratio by decreasing the drag (D) or increasing the lift (L)
[7-12]. Gupta et al. and Ruffin et al [8, 9] investigated
supersonic channels for an aerofoil at Mach 2.5. The
results showed total drag decreased 30% for laminar flow
and 20% for turbulent flow compared to the aerofoils
without channels. They also investigated, in the two
different studies, the supersonic channels of aerofoils. The
first study focused on the sphere cone with a channel in
the leading edge, at Mach 7, at the altitude of 20 km and
angle of attack (AOA) of 5 degrees. The study showed an
increase of 25.1% in L/D and revealed that when the
channels get larger, the reduction in drag gets greater, up
to 20% compared to a sphere cone without channel. In the
second study, Gupta and Ruffin investigated the
artificially blunted leading edge (ABLE) aerofoils at Mach
4 and at 12 km altitude; the results show 19% reduction in
drag coefficient [10, 11].

Giles and Marshall [12] used a diamond shape supersonic
channel design to improve the aerodynamic performance
of a NACA 66-206 aerofoil. The numerical results showed
an increase of 17.2% in lift to drag ratio for aerofoils at
Mach 2.5, at 35000 ft altitude, and AOA of 6 degrees. The
experimental results showed an increase of 9% lift to drag
ratio under the same conditions.

In our study, NACA 0012, which is widely used in wind
turbine blades [13,14], was employed to investigate the
effect of channels on the aerodynamic noise and
performance, experimentally and numerically. This study
was done under different conditions at subsonic flow of 5,
10, and 15 m/s velocities and at three AOA (5, 10, 15
degrees). The study is the continuation of our paper,
which is published in the ASME Journal, where we
showed that the channeling has affected the reduction on
the wind turbine noise [15]. The purpose of this current
study is to investigate the effect of using channels inside
aerofoils on the noise level as a noise reduction technique
in wind turbines as well as the effect of these channels on
aerodynamic performance including turbulence intensity.

2. EXPERIMENTAL SETUP AND
METHODOLOGY

To conduct experiments for this research, a wind tunnel
was added to the existing fluid dynamics laboratory. This
wind tunnel can produce wind speeds of up to 65 mph and
is enclosed in the newly built quiet chamber to make
reliable noise measurement along with aerodynamic
performance measurements. The quiet chamber is
10°x10°x9’. The walls, ceiling, and floor of the chamber
are insulated by three layers of foam to isolate from
exterior noises and vibrations. The exit of the wind tunnel
is a circular diameter of 13 cm (Figure 1). On the other
side, a hole of diameter 35 cm is created for the outflow.

In this study, NACA 0012 aerofoil was used as it is one of
the most popular aerofoils in wind turbine applications. A
total of twelve different aerofoil samples were created
using SOLIDWORKS and built using 3D printing. The
first sample was designed with no channels, while all
other samples incorporated channels. The channels were
created throughout the aerofoil starting from the leading
edge along the length of the aerofoil chord. The channels
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were designed with different sizes and different angles
relative to the chord. Three different channel diameters
were implemented in this study (0.05, 0.08, 0.1 inches),
which were used in different angles between the channel
and chord directions. The directions between the channels
and chord were studied using four different directions (-1,
0, 2, and 3 degrees anticlockwise). At angle (-1) degree,
two channel diameter sizes (0.05, 0.08 inches) were used.
All samples were surface smooth finished using
sandpapers of 20 different grit sizes (P60-P3000) to
minimize aerodynamic noise. For each sample, three
different AOAs (5, 10, and 15 degrees) and three different
flow speeds (5, 10, and 15 m/s) were applied. And in
Table (1), the terminology used to describe aerofoils are
stated.

Aerodynamic noise was recorded using 4 different
microphones and data was collected using the Smart
Office application (Figure 1). The low frequency free field
microphone with a frequency range of (0.13 to 20000 Hz)
was used to measure the noise around the aerofoil and was
located perpendicular to and 6 inches away from the
trailing edge. The microphone was connected to the Smart
Office application that could read and save the level of
noise for all ranges of the interested frequencies.

Figure 1. The microphones set up

The %2-inch free field polarized microphone was used to
measure infrasound at separate points simultaneously.
Both were ICP Infrasound Microphone systems
manufactured by PCB Piezotronics. The microphone
system was composed of the microphone (Model:
377A07), preamplifier (Model: 426E01) and a low-
frequency filter adapter (Model: 079A43). The complete
system allowed for the measurement of noise down to 0.1
Hz. Before testing, the microphone was calibrated using a
Larson Davis CAL200 Precision Acoustic Calibrator. The
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CAL200 was set to a 94 dB noise source at 1kHz. The
sensitivity was altered during calibration so that the output
of the microphone was within 0.025% of the 94 dB
source. This output was displayed numerically and
graphically on a frequency spectrum within the m+p
SmartOffice Dynamic Signal Acquisition and Analysis
software.

Aerodynamic force measurements were carried out by a
homemade force balance specially designed and built for
this research using four load cells, two to measure the lift
force (vertical forces) and two to measure the drag force
(horizontal forces). The AOA was measured manually.
Each load cell has four strain gauges that were connected
to each other as a Wheatstone bridge. An aluminum alloy
load cell, weighing sensor 500g capacity, was used to
achieve the balance. The voltage from the load cells was
read using Arduino which was connected to the computer
to record the measured data (Figure 1).

regular NACA 0012 aerofoil with 5.5 inches as a chord
length. Three channeled aerofoils of 3° inclination with
the chord of diameters of 0.1, 0.08, and 0.05 inches were
studied as shown in Figure (2) (d) for D=0.1 inch. The last
channeled aerofoil was with 0.08 inch channel diameter
and -1° inclination with the aerofoil chord. Figure (2) also
illustrated the aerofoil’s geometries and meshes at a 10°
AOA. The far-field boundaries were set at 18 chords away
from the leading edge in front, up, and down directions
and 36 chords away in the back direction.

The mesh for each aerofoil were generated by using
ANSYS Meshing 19.2 [16]. Five different meshes with
several elements (46252, 136153, 198009, 360634, and
691094) were considered to test the mesh quality. To
resolve the high intensity of the vorticity near the aerofoil
wall, inflations of ten quadrilateral mesh layers were
applied along the regular aerofoil and channeled aerofoil
edges with a thickness of 1le-2 inch with 400 grid points
along the aerofoil. To ensure that the simulations were
mesh independent, four different parameters: drag

Sample name Description 2 D section
Unchannel Regular aerofoil with no channels -
A0 Sample has channels parallel to the chord of the
aerofoil
A3 Sample has channels with 3 degrees angle
measured from the leading edge with respect to
the chord in counterclockwise direction ’
A2 Sample has channels with 2 degrees angle from
the leading edge with respect to the chord in
counterclockwise direction -
A-1 Sample has channels with 1 degree angle from
the leading edge with respect to the chord in ’
clockwise direction
D0.1 Sample has 0.1 inch diameter size
D0.08 Sample has 0.08 inch diameter size ‘ ‘
D0.05 Sample has 0.05 inch diameter size

Table 1. The terminology used to describe airfoils.

3. NUMERICAL SIMULATION METHOD

For the numerical simulation, five different 2D models for
NACA 0012 were considered. The primary aerofoil was a
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coefficient (Cd), lift coefficient (Cl), wall shear stress T,

and dimensionless wall distance y*, were monitored in
each mesh test. Along the aerofoil edges, y+ was kept
below one to capture the sharp change in velocity near the

RE&PQJ, Volume No.21, July 2023



wall [17]. As the error between mesh 4 and mesh 5 did not

exceed 2%,

procedures were applied.

mesh 4 was considered in the current

simulations. For the channeled aerofoil, the same

Figure 2. a) Regular aerofoil ’s entire domain. b) Aerofoil
surface zoomed in. c¢) Aerofoil boundary layer zoomed in.
d) Channeled aerofoil D=0.1 inch.

Turbulent modeling was carried out solving Navier-Stokes
and energy equations by using a transient pressure-
velocity coupling method of the SIMPLE scheme in
FLUENT 19.2. Equations with pressure-based SST k-w

turbulent model were employed for the closure of the
Reynolds-Averaged Navier-Stokes (RANS) as below.

au;,

ax;

dt

dx.

1

dx; 0Ox;

d(pu;) . dpu) dp @

i,
. dx;
Where p, p, u represent the working fluid density,
pressure, and dynamic viscosity. A scaled residual of
1x10°6 was used for all governing equations with 1x10 as

a time step size to achieve a converged stable solution
[17].

4 RESULTS AND DISCUSSION

The results of the investigation on wind turbine noise from
various parameters such as wind velocities, AOA, channel
sizes and dimeters are presented in this section. Figures

i,
E +E(—pu .

(3) and (4) show the relation between sound pressure level
(SPL) and wind velocity as examples for the unchannelled
and A3 data sets. It can be seen from the figures that as
the wind velocity gets larger the noise gets louder, as
expected. Generally, increase in velocity of 5 m/s would
increase noise by an average amount of 10 dB as shown in
Table (3) for all cases.

X [Hz] A3 A3 A3 A2 A2 A2 A-1 A-1 A0 A0 A0
Unchannel | D0.08 | D0.05 | DO.1 | D0.08 | D0.05 | DO.1 | A0.08 | D0.05 | D0.08 | D0.05 | DO.1
315 43.89 4259 | 4413 | 44.67 | 48.23 | 46.97 | 46.00 | 45.80 | 47.44 | 4549 | 46.64 | 46.68
63 49.56 47.60 | 46.03 | 44.32 | 48.75 | 53.06 | 46.23 | 44.63 | 49.60 | 44.70 | 45.65 | 50.42
125 45.81 43.30 | 47.84 | 4291 | 46.87 | 5140 | 44.80 | 51.17 | 48.95 | 47.78 | 49.83 | 47.48
250 28.43 35.04 | 45,57 | 37.80 | 41.55 | 46.84 | 36.99 | 53.55 | 52.96 | 51.07 | 54.13 | 50.71
500 27.93 33.52 | 38.97 | 33.64 | 39.58 | 52.21 | 36.38 | 46.06 | 47.31 | 42.94 | 47.25 | 42.26
1000 29.80 46.46 | 37.56 | 37.41 | 34.61 | 44.38 | 40.66 | 43.41 | 4156 | 41.32 | 45.13 | 41.68
2000 15.59 37.99 | 27.36 | 35.33 | 21.52 | 36.28 | 30.60 | 32.99 | 35.68 | 36.30 | 37.85 | 36.03
4000 11.99 24.37 | 28.12 | 26.48 | -1.10 | 26.66 | 25.07 | 27.81 | 28.91 | 25.21 | 27.37 | 28.48
8000 0.85 12.67 | 11.01 |9.22 | 1436 | 17.36 | 15.37 | 16.43 | 16.08 | 16.46 | 17.07 | 13.84
Overall
(dBA) 51.91 51.86 | 52.49 | 49.71 | 53.36 | 58.04 | 51.29 | 56.90 | 56.95 | 54.63 | 57.24 | 55.64
Table 2. A-weighting adjustments for one octave center frequencies for all the samples at flow velocity 15 m/s.
Flow A3 A3 A3 A2 A2 A2 A-1 A-1 A0 A0 A0
velocity | Unchannel | D0.08 | D0.05 | D0.1 | D0.08 | D0.05 | D0.1 | A0.08 | D0.05 | D0.08 | D0.05 | D0.1
5m/s 32.88 32.21 | 30.21 | 32.10 | 32.39 | 34.63 | 33.45 | 35.89 | 34.71 | 34.38 | 38.47 | 34.06
10 m/s 41.2 40.5 422 | 407 |411 | 476 40.7 46.4 46.2 44.7 46.7 449
15m/s 51.91 51.86 | 52.49 | 49.71 | 53.36 | 58.04 | 51.29 | 56.90 | 56.95 | 54.63 | 57.24 | 55.64

Table 3. Overall SPL for all samples at flow velocities 5, 10, 15 m/s.
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Figure 3. SPL vs. Freq. for Unchanneled sample for Velocities
5,10, 15 m/s.
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Figure 4. SPL vs. Freq. for A3 D0.1 sample for Velocities 5,10,
15 m/s.

A-weighting adjustments for one octave center
frequencies for all samples in wind velocity 15 m/s at 10
degrees of AOA were presented in Table (2) using overall
SPL calculated by the following equation (3) PS, 19].

Overall SPA (dBA) = 10 = log [(10 )= +
5z Sn
(10)% + v oo oo e + (10 )z2]
®3)
Where: S1, S2 ...... Sn are the SPL in A-weighting
adjustments for one-octave center frequencies starting
with 31.5 Hz to 8,000 Hz.
Similarly, the A-weighting adjustments for one-octave
center frequencies for all samples in wind velocities 10
and 5 m/s at AOA 10° were calculated and the overall SPL
are presented in Table (3) with 15 m/s wind speed data for
comparison. For all wind speeds, the SPL noise level
increased as the wind speed increased, as expected
The influence of AOA on the noise generation was also
investigated and the results showed a direct relation
between aerodynamic noise and the AOA of the samples.
Table (4) shows the overall SPL for the different samples
at the wind speed of 10 m/s. For other wind speeds, the
results were similar and not presented for brevity. Overall

SPL was increased between (1-4 dBA) when AOA was
increased from 5 to 10°, while there was an increase from
(1-6 dBA) when AOA increased from 10 to 15°. Figure
(5) shows the overall SPL for different AOA for all
samples.

The influence of channel diameter and direction were
investigated as well. According to Fite et al. [5] one
technique in reducing overall SPL, broadband noise, and
tone noise was to reduce the wake momentum deficit of
the aerofoils. Hence, in this study, the channels were made
to carry air flow from the leading edge all the way to the
suction side in the aerofoils A3 and A2. In the aerofoil A-
1, the channel carried air from the leading edge to the
pressure side of the aerofoils. And in the aerofoil A-0 the
air blows to the trailing edge of the aerofoils. These
channels were injecting the flow at the trailing edge or
near the trailing edge on one of the aerofoil sides, and
worked as a wake filling strategy.

Figure (6) illustrates the noise spectrum for frequencies 0-
600 Hz, which is the range where aerodynamic noises are
mostly located. The figure shows the noise in sample DO0.1
for three different directions, A3, A2, and AO0. It could be
noticed that the samples A2 and A3 produced less noise
than the unchanneled sample. However, the sample A0
shows a higher level of noise than the unchanneled
sample. It is found that the diameter of 0.05 inches
(D0.05), generated a high level of noise compared to the
unchanneled sample for all angles except for sample A3.
The samples with a diameter of 0.08 inches (D0.08) show
similar behavior as samples with D0.05. In conclusion, the
sample that produced the least amount of noise, regardless
of channel size, was the channel with a 3° inclination
angle (the A3 case). The flow in this sample went to the
suction surface where the most turbulence happened. The
flow in sample A3 helped the wake momentum deficit and
reduced the pressure fluctuation, eventually reducing the

noise generated by the fluctuations.
52
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Figure 5. Overall SPL vs. AOA for all samples.

A3 A3 A3 A2 A2 A2 A-1 A-1 A0 A0 A0
AOA Unchannel | DO0.08 D0.05 | DO.1 D0.08 | D0.05 | DO.1 A0.08 | D0.05 | D0.08 | D0.05 | DO.1
5.00 40.11 40.11 40.52 38.91 39.72 44.56 40.32 45.18 44.94 43.87 42.77 42.99
10.00 41.16 40.51 4221 40.74 41.07 47.63 40.69 46.40 46.18 4472 46.65 44.94
15.00 43.26 41.88 47.11 43.06 47.36 49.86 40.85 51.18 46.02 50.76 47.82 47.06

Table 4. overall SPL for all samples with AOA 5, 10 15 at 10 m/s.
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Cd Cl
AOA | ACA | AOA | AOA | AOA | AOA
5 10 15 5 10 15

Unchannel | 0.045 | 0.069 | 0.085 | 0.305 | 0.574 | 0.708
A3 D0.08 0.048 | 0.071 | 0.091 | 0.275 | 0.520 | 0.631
A3 D0.05 0.047 | 0.070 | 0.088 | 0.295 | 0.573 | 0.694
A3 D0.1 0.051 | 0.071 | 0.092 | 0.275 | 0.515 | 0.625
A2 D0.08 0.054 | 0.076 | 0.096 | 0.299 | 0.495 | 0.627
A2 D0.05 0.062 | 0.083 | 0.104 | 0.264 | 0.495 | 0.635
A2 D0.1 0.065 | 0.083 | 0.106 | 0.255 | 0.465 | 0.595
A-1D0.08 | 0.062 | 0.085 | 0.108 | 0.295 | 0.497 | 0.615
A-1D0.05 | 0.063 | 0.081 | 0.105 | 0.312 | 0.515 | 0.625
A0 D0.08 0.063 | 0.083 | 0.106 | 0.298 | 0.545 | 0.655
A0 DO0.05 0.059 | 0.078 | 0.102 | 0.305 | 0.555 | 0.673
A0 DO.1 0.065 | 0.085 | 0.109 | 0.298 | 0.535 | 0.635

Table 5. Experimental results of lift and drag coefficients for all

samples at flow velocity 5 m/s.

Figure (7) presents the noise spectrum for frequencies 0-
600 Hz for different channel sizes at the wind speed of 10
m/s as an example. The influence of size of channels on
the aerodynamic noise were studied for all different
samples. The results showed that the samples with (D0.1)
were quieter than the samples (D0.08) and the samples
(D0.05) (Table 2, 3 and 4). As a conclusion, the size of
channels had significant influence on the aerodynamic
noise, and as the channel size gets smaller, the noise gets
louder

Simultaneous  with  the noise
aerodynamic forces were also recorded during the
experimentation to  investigate the aerodynamic
performance of the aerofoils in all conditions and wind
speeds employed. The results showed similarity of the
effects of channels on aerodynamic forces for different
velocities. Therefore, the results of the velocity (5 m/s)
were displayed. Table (5) shows the drag coefficients and
lift coefficients for the 12 different samples for AOA of 5°,
10°, and 15°.

Figure (8) shows the experimental results of CI/Cd for
different samples under different AOA as an example. The
presence of channels for all samples reduced the ratio
Cl/Cd in comparison to the unchanneled case. However,
the loss is minimal for the A3 cases.

An increases in channel size lead to a decrease in
efficiency, making the relation between channel size and
efficiency inverse in nature.

measurement, the
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Figure 6. SPL vs. Freg. for D0.1 sample for different angles at
10 m/s velocity.
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Figure 7. SPL vs. Freq. for A3 sample for different diameters at
10 m/s velocity.
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Figure 8. CI/Cd vs. AOA for D0.05 sample for different angles.
As seen in table (5), drag coefficient increased between

(0 - 2 %) in sample A3 DO0.05, the best among all
samples. However, for the two samples A-1 D0.08 and
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A0 DO0.1, the drag coefficient increased the most (12 -
23%), the worst among all simples. In the lift section of
the table, the lift coefficient for sample AQ0 DO0.05
decreased between (0 - 2 %) in comparison to the
unchanneled aerofoil, the best among the samples.
However, for the sample A2 DO0.1, the lift coefficient
decreased the most (12 - 15%), the worst among all
samples.

Mainly, drag can be classified into many categories: skin
friction, form, interference, lift induced, and wave. In
supersonic flow, the pressure drag, especially wave drag,
is dominant. Hence, channels in the aerofoil will help to
reduce the pressure in front of the leading edge causing a
reduction in wave drag. The reduction in wave drag
outweighs the increase in skin friction drag that results
from an increased wetted area due to the channels. As a
result of using channels in supersonic flow, the ratio (L/D)
will increase, improving the aerodynamic performance
[91[12].

In our study with subsonic flow, the skin friction drag
(viscous drag) is dominant. The drag gets larger with the
channels as the channels give more skin friction area
(wetted area) compared to the aerofoil without channels
causing the ratio (L/D) to decrease reducing the
aerodynamic performance for the employed aerofoil. In
principle, it can be resolved using different aerofoils and
designs.

In conclusion, the channels have been shown to reduce the
wind turbine noise as well as reduce the aerodynamic
performance. The channels have different influences on
aerodynamic performance depending on the channel size
or channel direction. From all 12 samples that have been
studied, the sample A3 showed the best reduction of noise
with an efficiency loss of less than 2%.

5. COMPARISON BETWEEN
EXPERIMENTAL AND NUMERICAL
RESULTS

Table (6) presents the experimental results and the
numerical results of the overall noise for four samples:
unchanneled, A3 D0.1, A3 D0.08, and A3 DO0.05 at
velocity 15 m/s. The experimental results were close to the
numerical results for the samples unchanneled and A3
DO0.08. The error in these two samples are 4% and 7% ,
respectively. However, there is a noticeable difference in
results for samples A3 DO0.1 and A3 DO0.05 within 15% and
28% errors.

Flow velocity A3 A3
Unchannel [A3 D0.08
15m/s D0.05 DO0.1
Experimental 51.91 51.86 52.49 49.71
Simulation 49.5 48.1 44.5 35.6
Error 0.04 0.07 0.15 0.28

Table 6. Experimental and numerical results for overall noise.

Similarly, the comparison between experimental and
numerical results of lift and drag coefficients were carried
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out for some samples as shown in table (7). The
experimental results were higher for some Cd and
generally lower for Cl, as expected. This is because in 2D
simulation the 3D surface smoothness, limitation on
measurement accuracy, and other factors which are
present during experimentation are not considered.
However, the error can generally be considered within
the experimental errors.

Cases AO \Y Cd Cl
A

Exp Num Exp Num

unchanneled 10° 5 0.09 0.07 0.47 0.58

10° 15 | 0.054 | 0.03 0.64 0.89

A3 D0.05 10° 15 | 0.055 | 0.061 | 0.63 0.73

A3 DO0.1 10° 5 0.09 0.019 | 043 0.054

10° 10 | 0.071 | 0.082 | 0.52 0.589

10° 15 | 0.063 | 0.078 | 0.57 0.58

5° 15 | 0.047 | 0.03 0.315 | 0.317

A-1D0.08 10° 15 | 0.075 | 0.23 0.58 2.06

A3 D0.08 10° 15 | 0.058 | 0.075 | 0.61 0.61

Table 7. Experimental and numerical results of lift and drag

coefficients for some samples.

6. CONCLUSION

Wind power is one of the main growing sources of
renewable energy on the market today. The aerodynamic
noise emitted from wind turbines is one drawback that
needs to be addressed. In this study, channels were
created inside the aerofoils to inject the flow from
leading edge to trailing edge to reduce the wake
momentum deficit. The results showed improvements in
aerodynamic noise in some samples. The study also
concluded that several factors could affect the
aerodynamic noise such as flow velocity, angle of attack,
and trailing edge blowing injection.

Past studies of aerodynamic performance have shown an
increase in lift and a decrease in drag as an effect of
channels on aerodynamic performance of aerofoil in
supersonic flow. In this study of aerofoil in subsonic
flow, different sizes and directions of channels were
created inside NACA 0012 aerofoil and have been tested
under subsonic flow conditions. The effects of these
channels were investigated on both aerodynamic noise
and aerodynamic performance, experimentally and
numerically. The channels were made at three different
diameter sizes (0.05, 0.08, and 0.1 inches) and with four
angles (-1°,0°, 2°, and 3°) with respect to the chord. The
results showed an increase in drag coefficients and a
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decrease in lift coefficients for all channeled samples
compared to the regular unchanneled aerofoil.

In contrast to the past studies that showed improvements in
the aerodynamic performance of supersonic channeled
aerofoils because in supersonic flow the pressure drag was
dominant, the channels decreased this drag and eventually
the channels increased the ratio (L/D). In this study of
subsonic flow, the skin friction drag (viscous drag) is
dominant and the drag increased with the channels as the
channels increased the skin friction area (wetted area)
compared to the aerofoil without channels. The study
showed, with several samples, improvement in noise
reduction particularly in the case of A3 aerofoil.
Additionally, it showed a reduction in aerodynamic
performance, in some samples the reduction of
aerodynamic performance did not exceed 1-2 %.
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