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Abstract— One of the challenges and a point of need in the
aviation industry is the problem of high level of noise
emanation. There are various sources of noise emanating
from aircraft which are the noises from engine and
airframe including the wings. Noise from the wing is an
important phenomenon to be put into consideration as it
contributes significantly to the noise emanating from
aircraft especially during take-off and landing. Airfoil
noise emission emanate on the wing section of an aircraft
due to the interaction of the airfoil turbulent boundary
layer with the sharp leading edge. Noise reduction then
becomes a thing of concern for many engineers and
researchers who took it upon their shoulder the
responsibility of coming up with design that can help
reduce noise emanating from aircrafts to mitigate the
noise. Due to this, many researchers have focused on
reducing the noise emanating from the aircraft through
various means and approaches which include theoretical,
computational, and experimental analysis. In a means of
compiling and making available a brief review of such
work, for easy and quick access necessitate the need of this
work. This paper focused on giving a summary and review
of different work done by past and current researchers in
the field. The review was based on selected current papers
on the cutting-edge technology towards enhancing
aerodynamic performance of the wing of aircraft and
reduction of noise emanating from it. Although fruitful
results have been achieved in the aerodynamic noise
control, but only little work has been done to summarize
the main findings and progresses in this area. This work
focused on review of work carried out by many
researchers in this area which involves various techniques
and attempts ranging from leading edge serration, trailing
edge serration, active flow actuation, flexible wing using
theoretical, computational, and experimental approach
etc. Additionally, some suggestions were made towards
further study and improvement in this field of study.
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l. INTRODUCTION

The aviation transport industry keeps growing and
likewise the population of people around the world keeps
growing and of such buildings have keep growing even around
major airports. Most airports around the world now are being
surrounded by many households who live around the airports.
Airport transportation management were left with no choice
but to make policy that will make airport environment and
surrounding conducive for living. This necessitates a policy
that was geared towards reducing the noise coming from the
airport activities. Noise reduction then becomes a thing of
concern for many engineers and researchers who took it upon
their shoulder the responsibility of coming up with design that
can help reduce noise emanating from aircrafts so as to
mitigate the noise. This paper is based on many research and
findings of various researchers towards solving the noise
coming out from aircraft wings and also towards improvement
of aerodynamics performance.

Noises from aircrafts come from two major sources
which are the engine and the airframe [1, 2]. This review is
limited to various work geared towards reduction of noise
generated in the aircraft wing which is a part of airframe of an
aircraft. Airfoil noise emission emanates from the wing
section of an aircraft due to the interaction of the airfoil
turbulent boundary layer with the sharp leading edge [3] and
vortex action on trailing edge. Various techniques have been
developed towards the mitigation of noise coming from this
source through various approaches such as carrying out some
theoretical evaluation, computational and experimental
method. Some of the techniques include the introduction of
serrations on the leading edge and trailing edge, use of active
flow control, flexible wing structure etc. Many of the
techniques are bio inspired by studying the silence flight of an
owl bird [15, 18]. Many researchers tried to mimic and make a
mechanism that can function like the feathers or wings of owl
bird. Basically, in the past, two major techniques were
employed which can be categorized into two which were the
active and passive techniques [10-13]. The active techniques
involve the addition of devices such as actuator which by
using some energy as input manipulate the flow around them.
The passive technique involves changing or altering the
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geometry of airfoil in such a way to reduce the effect causing
noise generation [8, 9]. The limitation in this approach
inspired researchers to learn from the silent flight of owl bird.
This bio inspired noise control technique is surely one of the
promising techniques. This work focused on review of such
work carried out by many researchers in this area involving
various techniques and attempts made ranging from leading
edge serration, trailing edge serration, active flow actuation,
flexible wing with the method of approach used including
theoretical, computational, and experimental approach.
Additionally, some suggestions were made towards further
study and improvement in this field of study.

1.1 Trailing Edge Serration Technology

Airfoil noise emission emanate on the wing section
of an aircraft due to the interaction of the airfoil turbulent
boundary layer with the sharp leading edge [16, 2]. This noise
has been confirmed to be effectively reduced by using trailing
edge serration [3]. This had been proven analytically and
experimentally by a wide range of scientists whose works are
listed in the reference of this paper.

A computational study of effect of trailing edge of
flat wing, wavy serration and saw tooth serration on airfoil
noise instability using a simplified approach based on equation
proposed by Howe, 1991 was used by Visalatchi and Sugades.
They used NACA 0018 airfoil with trailing edge serration in a
low to moderate speed flow under acoustical free field
conditions. ANSYS FLUENT was used to analyze the airfoil.
Finite Element analysis (FEA) software was used for acoustic
measurement and to study the mean topology and turbulence
statistics of the flow near trailing edge serration [3]. The saw
tooth serration have sharp edges while wavy serration have
curve edges. A study on flat trailing edge without serration
and trailing edge with wavy serration and also that with saw
tooth serrations were considered. The results gotten revealed a
more reduction in the noise emanating from a trailing edge
with wavy serration, followed by saw tooth serration and more
noise emanating from flat trailing edge than others. It was also
discovered that a broadband noise reduction can be achieved
with saw tooth serration of trailing edge with flat plate
configuration in a real-life application [3].

AVallone, Velden et al carried out a computational
analysis on NACA 0018 airfoil same airfoil used by [3] at zero
angle of attack by solving the explicit, transient, compressible
lattice Boltzmann equation while the acoustic far field was
obtained by means of the Ffowc Williams and Hawking
analogy [13]. The numerical results were validated against
experimental results. The study reflected that combed saw
tooth serration reduced more noise than the conventional saw
tooth. The presence of combs affected the intensity of the
scattered noise but not the frequency range of noise reduction.
Thus, there is a need to find a means of not just reducing the
intensity of scattered noise but to be able to reduce the
frequency range of the noise. This also showed that the

installation of combs mitigate the interaction between the two
sides of airfoil at the trailing edge and the generation of a
turbulent wake in the empty space between the teeth [13].

The study by Avallone et al acts as an improvement
on the work by Visalatchi et al on the computational acoustic
analysis on trailing edge of serration wing for reducing
instability noise. The work done by Visalatchi et al showed an
option of achieving further noise reduction of saw tooth
serration trailing edge by the application of a more flat trailing
edge(with saw tooth serration) while the study by Avallone
provide another option of introducing a combed saw tooth
serration. Combining these two options is likely to produce a
better result.

In their study, Renato, William et al proposed a
technique to compute the aeroacoustics transfer function by
allowing the study of the leading-edge noise radiated by
realistic airfoil geometries. This method accounted for trailing
edge aerodynamic back- effects scattering and is valid for
blades with large spans, general airfoil geometries, high
frequency perturbation and subsonic compressible fluid [4].
The technique dealt with the possibility of rewriting the
linearized potential flow equation as Helmholtz formulation
leading to a boundary value problem prescribed by the
linearized airfoil theory [4]. A method of iterative procedure
was done by using a boundary element method (BEM). This
was verified using Amiet’s theory. Amiet theory presented a
formulation where the airfoil response to a high frequency
incoming periodic perturbation is computed by the solution of
Helmholtz equation using Schwarzschild technique.

The paper presented a numerical framework to
compute the compressible aeroacoustic transfer functions of
realistic airfoils. Amiet’s solution was obtained numerically
by using Boundary element method (BEM). The solution of
Helmholtz equation was obtained by BEM through the use of
Schwarzschild technique. This method after validating with
analytical solution, it was then applied to the boundary
conditions representing realistic airfoil configuration [4].

In summary, a comparison of BEM solution of a flat
plate with analytical solution was carried out and then the
behavior of the solution under a more realistic airfoil
configuration was evaluated. The acoustic scattering from
realistic airfoils subjected to an unsteady gust was presented
for a suit of NACA four digits airfoil profile [4]. It was
observed that thicker airfoils have low amplitude in terms of
chord-wide pressure fluctuation distribution and are expected
to radiate low far-field noise due to gust leading edge
impingement. Camber effect was shown not to have a great
influence on the aeroacoustics transfer function [4].

Boundary Element Method (BEM) was employed to
compute the unsteady load distribution of an airfoil subjected
to a high frequency turbulent stream using Amiet’s theory [4].
Two iterations of Schwarzschild problem were performed with
BEM to compute both the leading and trailing edge
corrections [4]. This made it possible to converge the solution
of high frequencies. It was demonstrated from the results
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gotten that the amplitude of the aeroacoustics transfer
functions were reduced for the thicker airfoil but the camber
effect does not show a great impact on the leading and trailing
edge corrections for pressure distributions along the airfoil.
Higher free stream Mach numbers and oblique gusts lead to
larger load distributions of pressure fluctuation along the
airfoil while keeping K1 constant [4]. The numerical solution
did not fully prescribe what is gotten analytically when an
obligue gust was employed.

In a study by Visalatchi et al [3], it was proposed that
having a sawtooth serration trailing edge on a flat plate will
cause more reduction in the noise level than just a trailing
edge with sawtooth serrations. This suggestion by Visalatchi
can be said to form the basis of the work carried out by
Danielle, Laura etal in their paper titled ‘Flat Plate Self Noise
Reduction at Low to Moderate Reynolds Number with
Trailing Edge Serrations’ They carried out an experimental
measurement in which flat plate with both sharp and serrated
trailing edge were studied in an anechoic wind tunnel.

Trailing edge serrations are believed to reduce the
radiated noise by minimizing the effective span wise length of
trailing edge that contribute to noise generation [5, 23]. In
their study, acoustic test was conducted on a NACA 0012
airfoil at a various angle of attack and Reynolds number
ranging between 1x1075 and 5x10”5. Trailing edge serrations
were found to eradicate flow separation close to the trailing
edge and in turned lowered the amplitude of the broadband
and tonal noise components. Larger reduction in the tonal
noise components were achieved with larger serration angle
between the mean flow and local target to the wetted surface
[5]. A comparison between straight unserrated configuration
and that with serrations with two different serrations
geometries of wavelength 3mm (narrowed serration) and that
of wavelength 9mm (wide serration) were considered [5]. The
serrations in both cases had root-to-tip amplitude of
2h=300mm.The experiment were carried out at a various
speed of flow between U=7 and 38m/s. It was observed that at
flow speed below 12m/s, the noise levels at low frequencies
were observed to increase in amplitude with decreasing flow
speed and reach peak at 9m/s and then in reduce in amplitude
with further decreasing in flow speed while at a speed between
u= 15 and 38m/s there is a clear trend with noise level
reducing with a decrease in in flow speed [5]. Their findings
also revealed that at u=38m/s the noise level of all the three
plates were approximately equal at a frequency below 5kHz
while above this frequency, trailing edge serrations produced a
region of noise attenuation. The noise attenuation was shown
to reduce in frequency and amplitude with decreasing flow
speed to u=15m/s. The two serrations almost have the same
performance but that with wide serrations achieving just
slightly higher levels of noise attenuation than the narrow
ones.

Due to vortex shedding from narrow serrations
between u=9 and 12m/s, a noise increased was produced at
low frequencies and a few broad, high amplitude peaks were

recorded in the noise spectra [5]. Above the peak frequencies,
the narrow serrations perform similarly to the wide ones at all
frequencies considered in their investigation. The wide
serrations were observed to produce higher levels of
attenuation over a larger frequency range at all flow speeds
between U= 7 and 12m/s.

The measured noise reduction were found to occur
over a certain Strouhal number range with attenuation being
achieved between St=0.7 and St=1.4 at high flow speed with
1.7x10"5<Re; <4.5x10"5 and at St<0.7 at low flow speeds
with Rec<1.7x10"5. Contrary to Howe (1991b) theory,
serrations with larger wavelength to amplitude ratio were
found to achieve higher attenuation levels. Detailed flow field
measurements around the trailing edge region were not
considered in this study and could be another step towards a
further investigation by the authors.

Mathieu Gruber et al compared the measurements of
trailing edge self-noise reduction of sawtooth and slit serration
of a NACA 651210 airfoil. A detailed experiment work was
conducted in the ISVR’s open jet wind tunnel. It was reported
that a noise reduction of about 5dB over a large frequency was
achieved by the introduction of serrations on trailing edge [6].
Sawtooth and slit geometries were considered with angle of
attack being 5° and the boundary layer was tripped so as to
birth turbulent. Static pressure coefficient distributions along
the chord of airfoil were reported. The paper was aimed at
comparing noise radiation predicted by Howe’s theory for
sawtooth serration and Howe’s extended theory for slit
serrations against experimental data [6]. The target goal of
Mathieu et al was to reduce the broadband noise generated by
the turbulent boundary layers by using passive treatment such
as sawtooth and other trailing edge geometries on NACA
6512-10 airfoil. The noise data for mean flow velocities of 20,
40, 60 and 80m/s for five geometrical angles of attacks; -5, O,
5, 10 and 15° were taken thereby making five sawtooth and
four slitted geometries results that were taken [6].

Noise reduction were predicted at 90° overhead of the
trailing edge for a mean flow of velocity 40m/s and a
measured turbulent boundary layer thickness of 7.1 mm for
the straight edge and 8.0mm for serration at 5° angle of attack
of the airfoil [6]. It was observed that slit serrations are not
effective noise reduction treatment since noise reduction
asymptotes to zero at high frequencies [6]. The introduction of
obliqueness of edge relative to the flow direction by the
sawtooth was suggested to be one of the reasons for the high
noise reduction potential in the high frequency region.

The comparison of their experimental results and
previous experimental studies with that of Howe’s theory does
not agree as it was shown that Howe over predict considerably
the noise reduction achieved in practice [6]. It was recorded
that the greatest noise reduction measure was about 5dB for
sawtooth while 1dB for slitted serrations. It was reported that
sawtooth trailing edge gives a noise reduction from frequency
of 300Hz to 7kHz while in slitted serration, the noise was
increased by 1-2dB in this frequency range [6]. It was
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suggested that the mechanism by which radiated noise are
being reduced are not yet fully understood. Mathieu et al,
proved that such radiation as proposed by Howe cannot be
achieved and suggested that other mechanism of noise
generation are also involved and dominant. The limitation of
the study is that the effects of serrated edges in the trailing
region were not estimated because there was no static pressure
sensor close to the trailing edge when the experiment was
being carried out.

One of the proven valid applications of reducing
trailing edge noise is by serration of trailing edges of an airfoil
[11]. Computational approach by using large-eddy simulation
(LES) and Lighthill-Curle Method were employed to reveal
the variation in the hydrodynamic field and sound source due
to trailing edge serrations [11]. They discovered that the
trailing edge serrations inhibit the growth of spanwise vortices
and promote the development of streamwise vortices close to
the trailing edge and wake. A reduction in the velocity in the
vertical cross section of the streamwise direction close to the
trailing edge was observed which reduced the local peak value
of sound pressure [11]. The simulation was carried on a
NACA 0012 airfoil. Hui Tang et al findings support the fact
that applying serrations on the upstream of the reattachment
point reduces the trailing edge noise.

Hui Tang et al showed the variation in the
hydrodynamic field caused by trailing edge serrations found
the relation between the hydrodynamic field characteristics
and noise reduction. It was confirmed that the growth of the
spanwise vortices near the trailing edge is impeded by the
trailing edge serrations as discussed by Hui Tang et al. The
trailing edge serration was observed to cause an increase in
drag on the airfoil though they prevent the growth of spanwise
vortices near the trailing edge [11]. Trailing edge serration
was confirmed to decrease the distribution of sound waves
near the trailing edge. Thus, applying serrations on upstream
of the reattachment point of an airfoil was proven to be
effective in terms of noise reduction [11]. Physical noise
reduction mechanism has not yet been adequately studied.

1.2 Leading Edge Serration Technology

Airfoil-turbulence interaction is one of the dominant
broadbands of flow-induced noise generation in aircraft and
other fluid turbomachinery [16]. In order to solve this
problem, many researchers have opened up to the technology
of applying serration on the leading edge of aircraft which is a
promising approach to reduce the noise developed on the
aircraft wing. Huang (2019) focused on this promising
technology with a theoretical approach and proposed an
analytical model by incorporating Fourier transform into the
Wiener—Hopf method to study of serrated leading edges in
airfoil and vertical gust interaction noise. The proposed model
suggested that the serrations operate on the incident vertical
gusts as convolution, which leads to the innovative concept
that model serrations as transfer functions in the wavenumber

domain [16]. The serration approach has a presumed
connection to the silent flying capability of owls [17-19] and,
as shown in Fig. 1, the primary feather from an owl actually
contains very long, curved and comb-like leading- and trailing
edge serrations, which demands further studies of shape
optimizations and modeling capabilities [16].

a b
The problem of interest, where (a) the sketch of a flying snowy owl, and (b) one of the primary
feathers from an eagle owl and the corresponding leading-edae image

Fig. 1 Credit to Xun Huang [16]

Overall, many recent works from various groups and
universities such as Brunel University and Southampton
University, have performed a series of pioneering
experimental studies of airfoil aerodynamic noise with
serrations in realistic set-ups, which have provided sufficient
physical insights that shall further enable the follow-up
theoretical studies [16]. Then, the main focus of the work
carried out by Huang [2019] was to theoretically develop an
analytical model for the scattered sound waves from an
infinitely thin airfoil with serrated leading edge in the presence
of a uniform background flow. The work by Huang [2019]
utilized Fourier transform to establish the closed form solution
and, from which, proposed a transfer function in the
chordwise—spanwise wavenumber domain to clearly elucidate
the possible noise control effect of the serrations.
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/ serrations with the profile x (2)
own as an example. We wish to mention that our model
ted-shaped profiles

Fig. 2 Credit to Xun Huang [16]

The transfer function for serrations was defined by Huang
[2019] as.
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This clearly elucidated the noise control effect of the
serrations and showed that serrations operate on incident gusts
(or more generally, turbulence flows) in the form of
convolution [16]. The model by Huang [2019] employed the
frozen turbulence assumption and semi-infinite thin airfoil in
the presence of uniform flows at zero angle of attack. It is well
known that frozen turbulence assumption is usually valid for
uniform or weak sheared flows. The semi-infinite airfoil
assumption should be valid for high-frequency gusts [16].

Straight Sinusoid

Fig. 3 Credit to Xun Huang (16)
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“The proposed model shall enable one to rapidly study the
noise reduction performance of various-shaped (and even
aperiodic) serrations for different incident vortical gusts”
[Huang, 2019]. It is worth noting that the model proposed by
Huang [2019] is limited to frozen turbulence assumption and
semi-infinite thin airfoil in the presence of uniform flows at
zero angle of attack which is valid for uniform or weak
sheared flows and high-frequency gusts.

1.3 Leading Edge High Lift Devices Technology

The recent technology claims the fact that the
introduction of high bypass ratio engines had significantly
reduced noise coming from the engines in the recent
technology [5, 7]. Now, more focus is on the frame which
includes the wings and its addendum e.g., flaps. Slotted
devices on the leading edges produce high noise because of
the recirculation that develops in the core region [7, 20-22].
This technique revealed a process by which this can be
mitigated. Many researchers have demonstrated the
effectiveness of slat core fillers in reducing the level of noise
caused by slotted leading edges by using various tools which
are computational analyses, wind tunnel experiments and up to
full scale flight test [7].

Properly designed slat fillers had been demonstrated
by Boeing computationally and corroborated in experiment
campaign to potentially enhanced airplane performance and
lower noise generation [7]. Study on extending slat cove filler
other leading-edge devices like Krueger flaps which is
commonly use in this era was carried out by Arvin S. and Eric
Dickey in 2020. Slotted slats are incompatible with laminar
flow because of pane gap between slat and main wing when
the slats retracted while Krueger is suitable for laminar flow
because when mounted on the lower side of the wing, the
upper surface remains continuous [7]. The work of Arvin and
Dickey was to identify promising Krueger flap fillers and the
development of cove fillers for various Krueger flaps with the
purpose of enhancing the aerodynamic performance and
reduction of noise generated in the leading edge of aircraft
wings. Extensive studies on the three main Krueger flap
variant were carried out with results not too good as when
compared with slotted slat. It was noted that none of the
Krueger flaps achieved maximum lift at landing when
compared to slotted slat. Thus, a need for optimization of
Krueger variant in the future for a higher maximum lift as it
was already proved with the optimization of camber Krueger
flap with a maximum lift of about 4.25 comparable to slat and
with a milder drop in lift at higher angles of attack [7].

The cove fillers for respective Krueger variant for
improved lift to drag ratio performance followed a design
procedure that aims at minimizing aerodynamic losses [7].
The fillers were designed to improve the quality in the channel
between Krueger flap and the wing. In all cases, the solution
revealed that Krueger-fillers outrightly eliminate flow
separation and prevent the formation of wake on their edges.
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The flow recirculation and trailing wake that originate at the
edge of the flap contribute to the noise of the baseline Krueger
flaps [7]. The introduction of filler was shown to avert flow
recirculation and rendering a streamlined flow in the slot
region. The wake of the lower edge was completely eliminated
with fewer wakes at the upper edge. Thus, the total pressure
profile across the remaining wake is particularly effective in
suppressing this noise source [7].

Computational simulation was used to guide the
development of Krueger-Filler shapes for a chosen wing
section. The filler was shown to improved channel flow and
reduce both the width and intensity of wake off of the filler
which improve the aerodynamic and acoustic characteristics of
the wing. The fillers are effective in reducing the noise of
gapped leading-edge devices which is not only limited to
improve flow quality but also to conceal linkages, levers and
actuators needed for deploying the Krueger element [7].

Major emphasis and analyses were done on the
attached element of the wing without considering the full wing
configuration. There is therefore, a need to assess the Krueger-
Filler with respect to full wing configuration. There is also a
need for further experimental investigation on the results, the
feasibility and ease of application of this technique on aircraft
without causing another major point of concerns. The major
setback has to do with complexity of mechanical system that
solves the problem of integrating slat cove fillers.

Finally, this technique has a future impact on airplane
performance, fuel economy and environmental impact if
further study can be made. A further study on geometries
optimization and experimental validation is necessary to take
this technique to higher level of aviation application.

1.4 Brief about Flexible wing/Morphing wing

Piquee et al investigated three-dimensional
membrane type wings by applying fluid-structure-interaction
computations and complementary experiments. Analyses for
three Reynolds numbers were conducted at various angles of
attack computationally using TAU-Code and the FEM
Carat++ solver [15]. An experimental wind tunnel tests were
performed for performance analysis and to estimate the
accuracy of the computations. In the results, the advantages of
an elasto-flexible-lifting-surface concept were highlighted by
comparing the form variable surface to its rigid counterpart
[15]. The adaptation and flexibility of the material to the
freestream allow the membrane to adjust its shape in response
to the pressure distribution [24]. For positive angles of attack,
the airfoil’s camber increases resulting in an increase in the
wing lifting capacity.

Furthermore, the stall onset was postponed to higher
angles of attack and the abrupt decrease in the lift was
replaced by a gradual loss of it [15]. Morphing aircraft are
able to transform their configuration by using shape-adaptive
systems. They can refer to a change in the outer shape or in
the inner structure, and it can involve a change in the noise

11

and the electromagnetic signature [15, 25]. The main purpose
of such a system is to increase flight efficiency and expand
flight envelopes (using a single aircraft can be used for various
types of missions), [15, 24]. Piquee et al presented a Fluid-
Structure interaction (FSI) investigation of an elasto-flexible
membrane wing/airfoil. The Reynolds averaged-Navier-Stokes
(RANS) code TAU from the German Aerospace Center
(DLR) and the finite element method (FEM) CARAT++ from
the Chair of Structural Analysis at Technical University of
Munich (TUM-SA) were employed. Comparison with
experimental data was done to evaluate the validity of the
computations, and eventually leads to an assessment of the
passive-camber-change concept.
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Fig. 4 Credit to Piquee et al, [15]
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(a) CFD mesh doman.

{c) Detailed view of the CFD mesh near the wing. (d) FEM Mesh.

CFD and FEM Meshes. a CFD mesh domain. b CFD mesh around the wing. ¢ Detailed view of the CFD
mesh near the wing. d FEM Mesh

Fig. 5 Credit to Piquee et al, [15]

\:

Elasto-flexible membrane wing model mounted in the test section of wind tunnel A

Fig. 6 Credit to Piquee et al, [15]

The figures above showed the computational model
and the experimental model with the two models having the
same configuration. This was done so as to be able to compare
both the computational and experimental results under same
conditions and configuration. In the experimental analysis,
stereo-photogrammetry technique was employed to measure
the membrane deformation while an external six-components
strain gauge balance is used to measure the aerodynamic
forces and moments of the wing [15]. The table below shows
their findings.
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Table 1, Credit to Piquee et al, 15]
Summary of the diferent tests and mezsurement techniques

How condition Force measurements Deformation measurements
fe 4355 10° 867 10° B70x 10° 4355 10° 867 10° 870 10F
I 140P3, 310P 520P: 40P 310P, 520Pa

] [5:2:30] deg 5de, 0 deg,5 deq, 15 deg

Table 2, Credit to Piquee et al, (15)
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The FSI computations show a good agreement with the wind-
tunnel data and shown below.
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Evolution of ;- and (-Cy obtained with the experiments at three gy, and with CFD computations
at gy =520Pa

Fig.7 Credit to Piquee et al, [15]

The simulations were validated with wind tunnel data
by a method of comparing the aerodynamic coefficients and
the membrane deflection at various angles of attack. The
wind-tunnel data were also performed for three distinct
Reynolds numbers at various angles of attack. The
aerodynamic coefficients were analyzed to draw conclusions
about the dependency of the flexible geometry to the dynamic
pressure [15]. The adaptation and flexibility of the material
make a change of the wing geometry possible, which
positively influence a lift increase. At small angles of attack, a
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positive membrane deflection and an increase in the airfoil’s
camber were observed [15].

Il.  SUMMARY TABLE

This table presents a brief summary of few of the papers
consulted towards the writing of this paper.

C
0
m
b
e
d
S
a
Au| T |Y | Met | Con Key | Lim | Tec | Airf w
th | it | e | hod | ditio | Findi | itati | hnig | oil t
or(| I |ar| of ns ngs on ue | Mod 0
s) |e|o| App el 0
f | roac used t
P| h h
u T
bl r
ic a
at il
io i
n n
F. {N| 2 | Com At The | The | Trai | NA g
Av | 0 | O | putat | zero | studie | pres | ling | CA E
all |is| 1 |ional | angl s enc | Edg | 0018 d
on | e| 8| Met | eof | confir | eof e g
e, |R hod | attac | med | com | Serr e
W. | e k that bs | atio S
C.|d comb | onl ns e
P lu ed y rr
va | ¢ sawto | affe a
n |t oth cts ti
de | 0 serrati | the 0
r|n on inte
Ve | M reduc | nsit S
Ide | e ed y of
n | c more | the
D.|h noise | scat
Ra | a than | tere
gn | n conve | d
i |is ntiona | nois
an | m | e
d | s sawto | and
D|o oth not
Ca|f the
sal | S freq
in | a uen
0o |w cy
t ran
0 ge
0 of
t nois
h e
a red
n ucti
d on

13



International Journal of Engineering Applied Sciences and Technology, 2021
Vol. 6, Issue 3, ISSN No. 2455-2143, Pages 6-19
Published Online July 2021 in IJEAST (http://www.ijeast.com)

M 2 | Exp | At- | Itwas | The | Trai | NA d
ath | ir | O | erim | 5% |record | effe | ling | CA S
ieu | f |1 [ental | 0O° ed ct | Edg | 6512 li
Gr|o| 0| Met | 5°, that of e tt
ub | il hod | 10° the | serr | serr e
er, | T and | greate | ated | atio d
M |r 15° st edg n T
ah | a angl | noise | es r
di | il eof | reduct | in a
Az | i attac ion the il
ar | n K, measu | trail i
pe | 9 Mea re ing n
ya | E n was | regi g
nd | d flow | obtain | on E
Ph | g velo | ed for | coul d
ili |e citie | ratio d g
p | N S; of not e
F. |o 20, | wavel | be G
Jo | is 40, | ength | esti e
se | e 60 to mat 0
ph | R and | root- | ed m
e 80m | tip(pe | due e
d /s riodic | to tr
u ity)eq | abs i
c ual enc e
ti 0.3or | eof S
0 5dB | pres
n for sure
b the sens _ _
y sawto | or Da|F | 2 | Exp A'E Again It Tral NA
t oth clos nie| 1 | 0| erim |vario| stthe | was | ling | CA
h trailin | eto lle | a | 1 | ental us Howe | limi | Edg | 0012
o g the J. | t| 1] Met | angl | theory | ted e
I edge | trail M | P hod | e of )it tpa Se_rr
n while | ing or | I attac was | sing atio
tr for edg ea | a K, disco le n
0 the e u, |t 1x10 | vered | root
d slitted | whe La | e "5< | that | -to-
u trailin n ur | S Re < | serrati | tip
c g the a | e 5x10 on amp
ti edge, | exp A | If "5 with | litu
0 the eri Br | N larger | de
n greate | men 00 | O wavel | valu
0 ot t ks | is ength e
f noise | was an | € to
S reduct | carr d IR amplit
a ionis | ied Co|e ude
w achie | out n|d ratio
t ved J. lu achie
0 when Do | c ved
0 period ola | ti higher
h equal n ation
a 0.1 0r a levels
n 1dB t

14



International Journal of Engineering Applied Sciences and Technology, 2021

Vol. 6, Issue 3, ISSN No. 2455-2143, Pages 6-19

Published Online July 2021 in IJEAST (http://www.ijeast.com)

Lo T oo AaAMEe S —=Z9p -5 003 cCcZ0na—0>5< oo+ 0200 ~ sSor

—

Re
nat
0
Fu

nta

de
Sa
nta
na

T D WO ~+~Dd®Dw SOT »WodIOo—3FwSSKoo=oPpB8c@—-HoSoos~coTIJIOoN—®D0 S ®3C Z

>o —9 =

- =

O, ON

The
oreti
cal
Met
hod

Real
istic
airfo
il
confi
gurat
ion

It was
obser
ved
that
thicke
r
airfoil
s have
alow
amplit
ude in
terms
of
chord
wise
pressu
re
fluctu
ation
distrib
utions
and
are
expec
ted to
radiat
e low
far
field
noise
due to
gust
leadin
g
edge
impin
geme
nt

The
nu
mer
ical
solu
tion
did
not
full

pres
crib

wha
tis
gott
en
ana
ytic
ally
whe
nan
obli
que
gust
was
emp
loye

Lea
ding
Edg

Few
four
digit

airfo
il

15




International Journal of Engineering Applied Sciences and Technology, 2021
Vol. 6, Issue 3, ISSN No. 2455-2143, Pages 6-19
Published Online July 2021 in IJEAST (http://www.ijeast.com)

il i

s: g

A h

p -

p L

li if

c t

a a

ti n

0 d

n R

0 e

f d

A u

m c

i e

e d

t’ N

S 0

T is

h e

e Xu|A| 2| The | Thin | The | Itis | Trai -

0 n 0 | oreti | Airf | propo | wor | ling

r Ha | T | 1| cal oil sed th | Edg

y ng | h| 9| Met of | model | noti e
Ar | L |2 | The | Tran | Itwas | No | Lea - e hod | serra | shall ng
vi | e | O | oreti | soni | disco | opti | ding 0 ted | enabl | that
n(ajl2] cal c vered | mis | Edg r and | eone | the
Sc|d| 0| and | wing | that | atio e e strai to mo
h | i Com | with the n of ti ght | rapidl | del
mi | n putat | 11% | Krueg | Cov c leadi y pro
lo | g ional | thick | er- e a ng study | pos
vic | E Met | ness | filler | fille | edge the ed
h |d hod | ratio | signifi r S . noise | by
an | g , 8% | cantly | sha t Zero | reduct | is
d | e long | elimin | pes u angl ion limi
Eri | D fixed ate wer d e of | perfor | ted
c |e Krue | flow e y attac | manc | to
Di|v ger | separa | perf 0 k. eof | froz
ck | i flap tion | orm f variou | en
ey | ¢ and and | ,the S S- turb

e 26% | preve | stud e shape | ulen

S traili | ntthe y rr d(and | ce

f ng | forma | onl a even | assu

0 edge | tion y t aperio | mpt

r flap of foc e dic) ion

e wake | us d serrati | and

n on on L ons | sem

h their | iden e for i-

a edges | tifyi a differ | infi

n ng d ent | nite

c gros i incide | thin

e S n nt aero

d effe g vortic | foil

H cts E al in

16



International Journal of Engineering Applied Sciences and Technology, 2021

Vol. 6, Issue 3, ISSN No. 2455-2143, Pages 6-19

Published Online July 2021 in IJEAST (http://www.ijeast.com)

. O O = ® ©®© 5 — 0» ©OQ QO

LOZS oo =0~ —YBc@—rwo——30<LaS®

o 2

gusts

the
pres
enc
e of
unif
orm
flo
WS
at
Zero
angl
e of
atta
ck
whi
ch
is
vali
d
for
unif
orm
or
wea

she
ared
flo
ws
and
hig
h-
freq
uen
cy
gust

Pi
qu
ee,
J.;
Ca
nal
ejo
I.L
Br
eit
sa
mt
er,
C,;
W
uc
hn
er,
R.;
an
d
Bl
etz
in

- Q
- @

cA

m—c'—-><ro—‘r|-oﬂm—n‘l:m@::.c-—rmm—hos—-éo:.m:mOm—hOm<£.<—m:>o—-3m:~<o_o«q>)>

O, OoOnN

Com
putat
ional
and
Exp
erim
ental
Met
hod

Vari
ous
angl
e of
attac
k
and
Rey
nold
S
num
ber

At
small
angles
of
attack
,a
positi
ve
memb
rane
deflec
tion
and
an
increa
sein
the
airfoil
’S
camb
er
were
obser
ved

The
aero
elas
ticit

phe
no
men
on
was
not
con
side
red

dete
rmi
ne
the
susc
epti
bilit
yto
flutt
er
phe
no
men
on

Elas
to
Flex
ible
lifti
ng
surf
ace

17




International Journal of Engineering Applied Sciences and Technology, 2021
Vol. 6, Issue 3, ISSN No. 2455-2143, Pages 6-19
Published Online July 2021 in IJEAST (http://www.ijeast.com)

S S S

S e

® O D

WO =350 =®®S —vwDdDO <P~

Following the trends and work of many researchers
and a need to control noise emanating from aircraft wing, a
line of progress can actually be said to have been achieved.
The field is still open to more development and discovery of
new techniques towards reduction of noise. Combining some
of these techniques can also be of a great help towards further
reduction in the level of noise emanating from aircraft wing.
More different serration pattern can be made and compared
with other likely addictive fixtures that can enhance the
performance of serration in reducing noise emanating from
aircraft wing. Feather like wing which can be actuated more
accurately and designed fully along the nature of owl’s wing
can be a top notched but surely require a complex mechanical
system to actualize. Introduction of new types of wing tips is
also encouraged to reduce buildup of vortices along the wing
tip which are a potential source of noise. Reduction of

CONCLUSION AND SUGGESTIONS

18

turbulent friction drag by the use of active high lift and
actuation devices of high accuracy is needed. All these will
directly contribute to noise reduction and improve
aerodynamic performance of an aircraft wing.
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