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Propeller-noise reduction by microfiber coating on a blade surface 

Mitsugu Hasegawa , Hirotaka Sakaue * 

Department of Aerospace and Mechanical Engineering, University of Notre Dame, Notre Dame, IN 46556, United States   

A R T I C L E  I N F O   

Keywords: 
Microfiber coating 
Microstructures 
Fibrous surface 
Passive noise reduction 
Flow control 
Propeller noise 

A B S T R A C T   

The popularity of small aerial vehicles has dramatically increased in recent years and propeller noise from such 
vehicles is a public health concern. Further advancement and utilization of small aerial vehicles require a sub
stantial focus on noise reduction. Microstructures using surface and coating technology are applied in a variety of 
ways to address this engineering challenge. This study investigates a microfiber coating as a passive means for 
reducing propeller noise. The microfiber coating is comprised of a fibrous structure and has been previously 
shown to be a passive mean for reducing drag on a circular cylinder. To begin testing the efficacy of the mi
crofiber coating for propeller noise reduction, microfiber-coated strips are placed at different spanwise locations 
on propeller blades. The sound pressure level produced by the rotating propeller is measured using a sound-level 
meter. The microfiber-coated propeller exhibited a lower sound pressure level than that of the uncoated pro
peller. At a Reynolds number of 7.4 × 104 based on the chord at the 75% spanwise station of the propeller blade, 
the microfiber-coated propeller achieved a noise reduction of up to 1.6 dBA compared to that of the uncoated 
propeller. The microfiber coating is effective in reducing broadband noise associated with the interaction of the 
vortex shedding associated with laminar boundary layer separation. It is found that the noise-reduction per
formance is a function of the spanwise location of the microfiber-coated strips.   

1. Introduction 

With the growing popularity of small aerial vehicles such as un
manned aerial vehicles (UAVs) and drones, propeller noise mitigation is 
a rapidly increasing area of research [1–6]. Propeller noise can be 
reduced by applying both active and passive flow-control technologies. 
Passive means utilizing microstructures, such as the use of engineered 
surfaces, materials, or coatings, are particularly advantageous as they do 
not require an external power source or mechanical/electrical installa
tion [7]. Serrated leading or trailing edges have been used for noise 
reduction [8–12]. Alternatively, a furry or a velvet-like surface can be 
applied to the propeller blade [13–15]. The use of porous treatments has 
been also investigated to reduce noise sourced from the trailing and 
leading edge [16,17]. Aerodynamic performance, which is another 
aspect of propeller characteristics such as thrust force and torque, has 
been also studied in these studies on passive means. However, the 
impact on aerodynamic performance is out of focus in the present study. 

A microfiber coating comprised of a fibrous structure is the target of 
the present study. This microfiber coating has been shown to be a pas
sive means for reducing drag on a circular cylinder [18,19]. By applying 
the microfiber coating to the cylinder, it was found that the vortex 

behind the cylinder was elongated [20]. It was also found that the 
fibrous structure suppressed velocity fluctuations around the cylinder 
[21,22]. Based on these findings, it is hypothesized that the 
microfiber-induced flow of these features can play a role in reducing 
propeller noise. The propeller noise is often categorized into tonal noise 
and broadband noise. The sources of the propeller noise are schemati
cally described in Fig. 1 [7,12,23–28]. These are (A) the interaction of 
the turbulent boundary layer and the trailing edge known as the tur
bulent boundary layer trailing-edge noise (TBLTE), (B) vortex shedding 
associated with the laminar boundary layer and separation bubble 
known as the laminar boundary layer vortex-shedding noise (LBLVS), 
(C) the interaction of the propeller blade and the blade-tip vortex known 
as the blade vortex interaction noise (BVI), and (D) the interaction of the 
propeller blade and the turbulent wake formed by a preceding blade 
known as the blade wake interaction noise (BWI). Because these noises 
are location dependent over the propeller blade, the effect on the mi
crofiber coating will also be location dependent. There is no literature 
available addressing the effect of propeller noise reduction via micro
fiber coating. As a first study, this work explores the change in sound 
pressure level (SPL), which was experimentally obtained in order to 
study the relationship between propeller noise and the location of the 
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microfiber coating. A quadcopter with four propellers was used to 
simulate practical applications. 

2. Experimental setup 

2.1. Propeller 

Fig. 2 shows a photograph of the propeller (15 × 5.5 MR/MRP, APC, 
USA) used in the present study. It has a diameter of 381 mm and a pitch 
of 140 mm. The spanwise location, s, over the propeller is defined as the 
distance from the rotating center axis toward the blade-tip. At 75% 
spanwise location relative to the propeller radius, R, the chord length, C, 
is ~25 mm and the maximum blade thickness, T, is ~2 mm. 

The rotating speed of propeller was set at 3000 rpm corresponding to 
the hovering phase for the quadcopter with this propeller described in 
Section 2.3. The chord-based Reynolds number, Re, is defined using the 
velocity and chord at a spanwise station, given by the following 
equation: 

Re =
ρVC

μ (1)  

Where ρ represents the air density (kg/m3), V is the velocity (m/s), C 
denotes the chord length (m), and μ represents the air dynamic viscosity 
(kg/(m⋅s)). The Reynolds number based on the chord at 75% spanwise 
location was 7.4 × 104. Here, the 75% spanwise location is the distance 
measured from the rotating center axis. Fig. 3 shows the distribution of 
the chord-based Reynolds number over the blade between s = 0.47 R to s 
= 0.87 R. The averaged Reynolds number over the distribution is 7.1 ×
104, indicating that the laminar boundary layer is dominant over the 
propeller blade [29,30]. Both a microfiber-coated propeller and un
coated propeller were used in this study. The microfiber-coated pro
peller has microfiber-coated strips detailed in Section 2.2. The uncoated 
propeller was used as a baseline for comparison with the 
microfiber-coated propeller. 

2.2. Microfiber-coated strip 

Fig. 4(a), (b), and (c) shows a schematic and microscopic images of a 
fabricated microfiber-coated strip, respectively. It was made using the 
procedure outlined by Hasegawa et al. [31]. Microfibers with an average 
length of 4.5 mm ± 0.1 mm was used for the fabrication. The diameter 
of the microfiber was about 50 μm. The microfiber material was Nylon 
6/6, Poly (hexamethylene adipamide) from (Campbell Coutts Ltd., 
Eastleigh, U.K.). The density of the microfiber material was 1.14 g/cm3. 

The elastic modulus of the microfiber material was estimated to be 39 ~ 
50 GPa [20]. An epoxy adhesive was applied to a film (Simair, U.K.) 
with a thickness of 50 μm. All microfibers were planted over the adhe
sive layer and oriented chordwise as shown in Fig. 4(a) and (b). By 
counting the number of microfibers per unit area on the microscope 
images, the averaged surface density of the microfiber was found to be 4 
fibers/mm2. The strip had a relative width of 0.28 C and was taped onto 
the propeller blade. The height of the microfiber-coated strip relative to 
maximum blade thickness was ~0.5 T. 

The microfiber-coated strips were placed at four different spanwise 
locations. Fig. 5(a) and (b) provide a schematic description of the 
microfiber-coated strips applied on the propeller blade. The spanwise 
length of the microfiber-coated strip was 0.13 R. The leeward edges of 
the microfiber-coated strips were aligned with the trailing edge. As 
shown in Fig. 5(c), the locations of microfiber-coated strip varied from s 
= 0.47 R to s = 0.87 R along with the span at an interval of 0.13 R. All 
microfiber-coated strips were applied on the suction side of the propeller 
blade. 

2.3. Quadcopter test stand 

The microfiber-coated or uncoated propellers described in Sections 
2.1 and 2.2 were mounted on the quadcopter test stand (See Fig. 6(a)). 
The test stand consists of four components: servo motors, electronic- 
speed controllers (ESC), rotational-speed transducers, and a quad
copter frame. The servo motors (4014 EEE 370KV, Mad Components) 
were used to rotate the propellers. The ESC (Xrotor pro 60 A for 4–6 S, 
Mad Components) was used to control the rotational speed of the four 
servo motors. The rotational-speed transducers were used to obtain the 
rotational speed of the rotors. The quadcopter frame (650, Tarot, USA) 
was attached to a tripod to adjust the quadcopter’s ground height. The 
quadcopter test stand was placed in the anechoic chamber at the Hessert 
laboratory at the University of Notre Dame (See Fig. 6(b)). A power 
supply (382275, EXTECH, USA) with a constant voltage was used to 
stabilize the rotating speed during measurements. 

2.4. Noise measurement 

Noise around the quadcopter was measured in the anechoic cham
ber. A sound-level meter (732 A, BK PRECISION, USA) was used to 
quantify the noise based on sound pressure level (SPL). Fig. 7 shows the 
schematic description of sound-level meter location. The sound-level 
meter was placed 2.1 m away from the center of quadcopter test stand 
in the horizontal direction. The ground height of the sound-level meter 

Fig. 1. Schematic descriptions of propeller-noise reduction using the microfiber coating: (a) Propeller blade without microfiber-coated strip; (b) Propeller blade with 
microfiber-coated strip. 
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was 1.3 m. The time-weighted SPL with a time constant of 125 ms was 
collected for evaluation of the propeller noise described in Section 2.5. 
The time-weighted SPL was A-weighted to account for the relative 

loudness perceived by the human ear. The accuracy of the SPL was 

±1.5 dB at reference conditions, and the resolution was 0.1 dB. The 
voltage signal related to the instantaneous sound pressure were also 
obtained from the sound-level meter so that the frequency spectrum of 
noise could be studied. The sound-level meter sensitivity is 0.5 V/Pa. 
The voltage signals were also A-weighted and converted into spectrum 
components by applying a Fast-Fourier-Transform (FFT), and the loga
rithmic power spectral density (PSD) in dBA/Hz relative to the reference 
pressure was computed by using the following equation: 

PSD = 10log10

(
G

P2
ref

)

(2)  

Where Pref is the reference pressure (20 µPa), and G is the power spectral 
density from FFT in Pa2/Hz. Data were sampled at 40 kHz for 25 s. PSD 
spectrum was averaged over 244 records of 4096 samples each with 
Hanning window and 50% overlap between records. The frequency 
resolution was ~10 Hz. Based on the Nyquist criterion, the sampling 
frequency of 40 kHz allowed for the frequency spectrum up to 20 kHz, 
which is the upper limit of the human hearing range. 

Fig. 2. Photograph of the propeller.  

Fig. 3. Distribution of the chord-based Reynolds number over the blade be
tween s = 0.47 R to s = 0.87 R in this study. 

Fig. 4. (a) Schematic of the microfiber-coated strip seen from the lateral direction. In the schematic, the orientation angle and length of microfibers are exaggerated. 
(b) Microscopic image of lateral view of microfiber-coated strip applied on a blade. (c) Microscopic image of top view of microfiber-coated strip applied on a blade. 
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2.5. Propeller noise evaluation 

The sound-level meter captured all the noise produced by the test 
setup which was comprised of the propeller noise, airframe noise, and 
motor noise generated by the operation of the quadcopter. To account 
for these various noise factors and extract the noise coming from the 
propeller, the differential time-weighted SPL, ΔSPL, between the 
microfiber-coated propeller and uncoated propeller was used. It is 
defined as: 

ΔSPL = SPLm − SPLu (3)  

where SPLm and SPLu are the time-weighted SPLs for the microfiber- 
coated propeller and the uncoated propeller, respectively. Negative 
ΔSPL shows a decrease in SPL compared to the uncoated propeller, while 
an increase in SPL is indicated by a positive ΔSPL. 

3. Results and discussions 

Fig. 8 shows the a-weighted and time-weighted SPL and the differ
ential sound pressure level, ΔSPL, given in Eq. (3). The time-weighted 
SPL of the uncoated propeller, SPLuwas 67.2 dBA. The error bar shows 
the total error based on the standard deviation of the sampled data. A 

Fig. 5. Configuration of the microfiber-coated strips: (a) The propeller blade seen from the suction side; (b) Cross-sectional schematic of the propeller blade; and (c) 
Four different locations of the microfiber-coated strips. In the schematic the orientation angle and the length of microfibers and the shape of the airfoils are 
exaggerated. 

Fig. 6. Photographs of the quadcopter test stand: (a) Components of quadcopter test stand; (b) Quadcopter test stand housed in the anechoic chamber.  

Fig. 7. Schematic description of sound level meter location: (a) Side view; and (b) Top view. Scale is exaggerated.  
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negative ΔSPL was seen indicating that SPL was reduced compared to 
the uncoated propeller. The maximum reduction of 1.6 dBA was ach
ieved at s = 0.73 R. The microfiber-coated propeller demonstrated a 
reduction in the SPL for all strip locations. As hypothesized in Intro
duction, there is a location dependency of the microfiber coating in 
terms of noise reduction. As the microfiber-coated strip moved towards 
the blade-tip from s = 0.47 R to s = 0.73 R, the microfiber-coated pro
peller enhanced the reduction of SPL from 0.2 dBA to 1.6 dBA. The 
reduction of SPLs at s = 0.73 R and s = 0.87 R were nearly identical 
within measurement uncertainty. 

Fig. 9 shows the power spectral density (PSD) of the noise obtained 
by the sound-level meter, described in Section 2.4, of the uncoated 
propeller and the microfiber-coated propeller at s = 0.73 R. This loca
tion was chosen as it corresponded to the maximum reduction in SPL. 
The peaks occurred at the blade passing frequency (BPF) and showed the 
tonal noise [32]. The peak due to BPF was captured around 98 Hz which 
corresponds to the frequency of the rotating propeller at 3000 rpm. The 
PSD of the microfiber-coated propeller was lower in amplitude in the 
range between 3 and 10 kHz compared to that of the uncoated propeller. 
At frequencies between 3 and 10 kHz, broadband noise with a hump 

Fig. 8. The a-weighted and time-weighted SPL and the differential SPL, ΔSPL, between the microfiber-coated propeller and the uncoated propeller for different strip 
locations. Negative ΔSPL indicates a reduction of SPL compared to uncoated propeller. The error bar shows the total error based on the standard deviation of the 
sampled data. 

Fig. 9. A-weighted power spectral density (PSD) of the uncoated propeller and the microfiber-coated propeller at s = 0.73 R, given in Eq. (2). The sub plot, ΔPSD, 
focuses on the frequencies between 3 and 10 kHz and shows the difference in PSD spectra between the microfiber-coated propeller and the uncoated propeller. 
Negative ΔPSD indicates a lower PSD for the microfiber-coated propeller compared to uncoated propeller in this range of frequencies. 
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dominates the spectrum [27,28,30,32–34]. It was found that the 
broadband noise hump was lower for the microfiber-coated propeller 
compared to the uncoated propeller. In the range below 3 kHz, no 
change in actual frequencies was seen in discrete peak frequencies ac
counting for tonal noise. The subplot in Fig. 9 shows the difference in 
PSD spectra, ΔPSD, between the microfiber-coated propeller and the 
uncoated propeller. The subplot focuses on the frequency range between 
3 and 10 kHz. By looking at the differential between the power spectral 
densities, the frequency at which the maximum noise reduction 
occurred can be seen. Discrete spikes of both PSD spectra were seen 
around 3.6 and 5.4 kHz. Based on the uncertainty in the frequency 
resolution given in Section 2.4, these spikes are considered within un
certainty for the measurement. The maximum noise reduction can be 
seen around 6 kHz within the broadband noise. 

The TBLTE and LBLVS noise described in the Chapter 1 are usually 
observed in the mid- to high-frequency range, which is typically from 1 
to 30 kHz for small aerial vehicles [30,32–34]. The frequency range of 
the observed broadband-noise for this study was within that frequency 
range. LBLVS noise is not restricted to individual peaks, and instead is 
continuous across a range of frequencies. LBLVS can also generate 
broadband noise at a higher frequency range than the discrete frequency 
peaks observed in tonal noise [27,28,30,32–36]. LBLVS noise is associ
ated with laminar flow that is separating from the surface (See Fig. 10 
(a)) [7,23–25]. Especially, LBLVS noise associated with a laminar sep
aration bubble is shown as a hump in broadband noise for low Reynolds 
number propellers [27,28,35,36]. The broadband hump around 6 kHz 
was shown and reduced by the microfiber-coated propeller (See Fig. 9). 
Based on the Reynolds number in this study, it can be assumed that 
boundary layer over the propeller was predominantly laminar. Thus, a 
laminar flow separation, transition, and a flow reattachment can occur 
as shown in Fig. 10 (a). The boundary layer becomes turbulent after flow 

reattachment [25]. Under the flow conditions in this study, the bound
ary layer at trailing edge can be considered predominantly turbulent. 
These observations support the idea that the observed broadband-noise 
is associated with the LBLVS noise or the LBLVS noise and the TBLTE 
noise. It suggests that the microfiber-coated propeller modifies flow 
features associated with the LBLVS noise or the LBLVS noise and TBLTE 
noise as shown in Fig. 10 (b). 

A higher effectiveness of the microfiber-coated strip applied to the 
outer segment can be associated with the occurrence of a laminar flow 
separation at this location. Previous studies using similar propeller ge
ometries and Reynolds number to this study have shown that the flow 
structure on the blade consists of laminar boundary layer, laminar flow 
separation, laminar separation bubble, flow reattachment, and turbulent 
boundary layer [35,36]. The noise source associated with a laminar 
separation bubble, turbulent flow after flow reattachment, or a separa
tion with consequent vortex shedding, follows the laminar flow sepa
ration. These support that the effectiveness of the microfiber-coated 
strip applied to the outer segment is related to the noise associated with 
the laminar flow separation. 

4. Conclusion 

The increase in popularity of small aerial vehicles has created public 
health concerns surrounding propeller noise. To reduce this noise, the 
microfiber coating, a fibrous structure, was studied as a passive means of 
flow control and was applied to propeller blades of a quadcopter. The 
microfiber coating was placed coincident to the trailing edge of the 
propeller and its spanwise location was varied from 47 to 87% of the 
propeller radius. It was found that the propeller noise was dependent on 
the location of the microfiber-coated strip. The change in sound pressure 
level was a function of microfiber coating spanwise location. Compared 

Fig. 10. Flow associated with noise sources: (a) Propeller blade without microfiber-coated strip; and (b) Propeller blade with microfiber-coated strip. In the 
schematic the orientation angle and the length of microfibers and the shape of the airfoils are exaggerated. 
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to the uncoated propeller, the maximum reduction in the sound pressure 
level for the microfiber-coated propeller was 1.6 dBA. This decrease in 
sound pressure level was achieved when the microfiber-coated strip was 
applied at 73% of the blade radius. The microfiber-coated propeller 
reduced the broadband noise hump in the frequency range between 3 
and 10 kHz including a noise peak at ~6 kHz. The hump reduction is 
associated with the elimination or suppression of laminar boundary 
layer vortex-shedding noise for small aerial vehicles. 
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