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Abstract

Two propeller blades were fabricated and tested in an anechoic chamber for thrust force and noise mea-
surements in order to investigate the effectiveness of serrations on reducing propeller trailing edge noise.
Half flat tip serrations were applied at the trailing edge of the propeller from 0.6R until the tip of the blade.
The serrated propeller had the best performance at 3000 rpm and it obtained the highest insertion loss at
172 Hz which was about 29.6 dBA. By overall, the serrated propeller obtained the highest noise reduction
at 3000 rpm which was about 5.8 dBA. The loss of the thrust force decreased gradually with the increasing
of the rotating speed where the serrated propeller lost about 27.1% of its thrust force at 1500rpm.

1. Introduction

Aerodynamic noise is one of the major issues for the wide-spread use of rotating machinery such as wind turbine,
propeller and pump. For a modern rotating machinery, aerodynamic noise generated by the blades is generally consid-
ered to be the dominant noise source, provided that the mechanical noise is adequately treated. There are two types
of aerodynamics noises' where the first type is the turbulent inflow noise. This noise is caused by the interaction of
upstream atmospheric turbulence with the blade and it depends on the atmospheric conditions. The second type is the
airfoil self-noise which is produced by the blade in an undisturbed inflow and it may be caused by several mechanisms
such as trailing edge/turbulent boundary layer interaction noise (denoted as trailing edge noise), blade tip noise and
trailing edge laminar boundary layer vortex shedding noise. Several methods were developed to overcome the issue
of airfoil self-noise such as serrated edges, trailing edge brushes and porous surface. The most common and effective
method which is the serrated edges is selected to be studied in the present works.

Hersh et al.* interpreted a series of leading-edge serrations as a device for reducing vortex noise radiated from
stationary and rotating airfoils in low Reynolds number flow. They concluded that noise levels of the airfoil were
reduced considerably with the serrations attached. Dassen et al.> explored the noise reducing potential of serrated
trailing edges on a series of airfoils and flat plates through wind tunnel measurements. Their results showed that all
serrated airfoils yield reduced trailing edge noise levels ranging from 3 dB to 8 dB. The serrated flat plates were found
to give reductions up to 10 dB. Howe’ investigated the sound produced by the low Mach number turbulent air flowed
over the trailing edge of a serrated airfoil. He claimed that at high frequencies, the predicted attenuation was about 1
dB and 7 or 8 dB when 4/ < 10 and 1//=1, respectively. 4 and / were the serrations spanwise length and amplitude,
respectively. Oerlemans et al.'® conducted acoustics field measurements on a 94 m diameter three-bladed wind turbine
with one standard blade, one blade with an optimized airfoil shape and one blade with trailing edge serrations. They
claimed that both modified blades showed a significant trailing edge noise reduction at low frequencies where overall
noise reductions of 0.5 and 3.2 dB were obtained for the optimized and serrated blades, respectively. Ito® imitated
the serrations at the leading edge of owl wings by attached some jigsaw blades on the airfoil leading edge during
his experiments. He claimed that the lift characteristics of the airfoil were improved with fine serrations in low flow
Reynolds number.

Madadnia et al.’ designed some serrations and attached them on the leading and trailing edges of the wind
turbine blades in order to proactively control aerodynamic noise. Their results showed that the serrations could reduce
noise up to 10% and the serrations were more effective at higher tip speed ratio. Klimchenko and Jones’ conducted
an experimental study to characterize the effects of winglet and serrated tip rotors on the wake dissipation of a small-
scale offshore wind turbine using particle image velocimetry system. In their study, the tip vortices of the serrated tip
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rotor were found to be large and less uniform than the baseline or winglet rotors. Madadnia and Nurdin® reported the
effectiveness of Owl-wing serrations in minimize the aerodynamic noise generated by a micro model wind turbine.
Chen et al.? investigated the effects of nine leading edge serrations on the blade laminar boundary layer instability
noise from low to moderate Reynolds numbers using experimental method. They concluded that the performances of
the serrations were very sensitive to serration amplitude and wavelength where blade with larger serration amplitude
and smaller wavelength had better performance which could obtain maximum noise reduction of 30 dB. Intravartolo
et al.? used serrated trailing edges and proplets to reduce the tip vortices and trailing edge wake of the UAV propeller
blades. They found that increasing of the serration depth showed a maximum 28% decrease in the propeller noise while
maintained thrust within +5% of the base APC 9x6E propeller.

It can be seen that the reported studies on serrated leading or trailing edges were mostly confined to wind turbine
and airfoil while only limited study was conducted to investigate the case of propeller. Propeller is commonly used in
ship, aircraft and boat. Therefore, the main objective of the current effort is to use experimental method to investigate
the effectiveness of half flat tip serrations on reducing propeller trailing edge noise. The serrations are applied on the
propeller trailing edge instead of leading edge in the present works because airfoil-self noise noise is caused by the
interaction between the flow boundary layer and the trailing edge of the blade as mentioned in the previous statement.

2. Experiment set-up

The experiments were consisted of a Bruel & Kjaer microphone (model 4953), a tachometer, a brushless motor, a
speed controller and an ATI load cell (model Mini40) as shown in figure 1. The experiments were conducted inside
an anechoic chamber. The microphone was positioned on top and at 0.6 m away from the propeller as shown in figure
1. The experiments were conducted for two different propeller blades as shown in figure 2 in order to investigate
the effects of half flat tip serrations (see figure 2(b)) on reducing propeller trailing edge noise. The radius (R) of the
propeller was about 0.225 m and the serrations were applied at trailing edge from 0.6R until the tip of the blade. The
A/1 of the serrated propeller was about 1.1 which was estimated to produce noise reduction of 7 or 8 dB according
to Howe.> The rotating speeds of the propeller were varied by the speed controller from 1500 rpm to 3000 rpm with
interval of 500 rpm and was measured using the tachometer. All data were recorded using the microphone from 120 Hz
to 12000 Hz with interval of 1.5 Hz. Three samples were recorded for each rotating speed. The thrust force produced
by the propeller at each rotating speed was also measured using the load cell.

Microphone

Tachometer
Propeller
blade
Motor
Load
cell
Controller:

Figure 1: Experimental set-up of the thrust force and noise measurements for the propeller inside an anechoic chamber.

The insertion loss (IL) was defined as:

IL = SP]—foriginal blade — SPLserrated blade» (1)
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Figure 2: Geometry of the propeller blades. (a)Original blade (b)serrated blade.

Table 1: ALA,, obtained by the serrated propeller under different rotating speeds.
Rotating speed (rpm) | 1500 | 2000 | 2500 | 3000
ALA,, (dBA) 2.6 1.9 0.4 5.8

where SPL is the sound pressure level. Equivalent SPL (LA,,) was calculated for each set of data by taking into account
contribution of noise from each frequency which is given by:

LA = 10Log()’ 1007, )
i=1

After that, reduction of LA, (ALA,,) is obtained by:

ALAeq = LAeq(original fan) — LAeq(serraled fan)- (3)

The loss of the thrust force (Af) is defined as:
fo - fs
Af = ——, 4)
Jo

where f, and f; are the thrust forces produced by the original and serrated propellers, respectively.

3. Results and Discussion

Figure 3 shows the insertion loss obtained by the serrated propeller under different rotating speeds. Generally, the
serrated propeller obtains high IL at low frequencies and then it decreases gradually until 3200 Hz before it increases
smoothly to 5300 Hz for all rotating speeds. The trends of the IL are quite fluctuating for all rotating speeds at
frequencies higher than 8000 Hz. It is obvious that the serrated propeller has the best performance at 3000 rpm and it
obtains the highest IL at 172 Hz which is about 29.6 dBA. The results obtained are opposing with what was concluded
by Howe® where he claimed that serrated airfoil performed better at high frequencies. Table 1 shows the ALA,, obtained
by the serrated propeller under different rotating speeds. By overall, the serrated propeller obtains the highest noise
reduction at 3000 rpm which is about 5.8 dBA and then followed by 1500 rpm, 2000 rpm and 2500 rpm. Table 2 shows
the Af under different rotating speeds. It can be observed that the loss of the thrust force decreases gradually with the
increasing of the rotating speed where the serrated propeller lose about 27.1% of its thrust force at 1500rpm.

Table 2: Af under different rotating speeds.
Rotating speed (rpm) | 1500 | 2000 | 2500 | 3000
Af (%) 27.1 | 242 | 222 | 21.8
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Figure 3: Insertion loss obtained by the serrated propeller under different rotating speeds.

4. Conclusions

Two propeller blades were fabricated and tested in an anechoic chamber for thrust force and noise measurements in
order to investigate the effectiveness of serrations on reducing propeller trailing edge noise. Half flat tip serrations were
applied at the trailing edge of the propeller from 0.6R until the tip of the blade. The propeller were tested under different
rotating speeds from 1500rpm to 3000 rpm with interval of 500rpm. The serrated propeller had the similar trend of IL
for all rotating speeds. The serrated propeller had the best performance at 3000 rpm and it obtained the highest IL at
172 Hz which was about 29.6 dBA. By overall, the serrated propeller obtained the highest noise reduction at 3000 rpm
which was about 5.8 dBA. The loss of the thrust force decreased gradually with the increasing of the rotating speed
where the serrated propeller lost about 27.1% of its thrust force at 1500rpm.
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