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Aerodynamic Noise is Everywhere

ENERGY PRODUCTION TRANSPORTATION

4

PERSONAL APPLIANCES
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Can We Blame Turbulence?

[1] http://www.2decomp.org/dstar.html
[2] https://images.app.goo.gl/CDy38ig5yotfVNYc9
[3] https://www.sciencealert.com/the-internet-is-obsessing-over-this-impossible-water-stream

High Reynolds numberĄ turbulence

http://www.2decomp.org/dstar.html
https://images.app.goo.gl/CDy38ig5yotfVNYc9
https://www.sciencealert.com/the-internet-is-obsessing-over-this-impossible-water-stream
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Turbulence-Interaction Noise

[1] https://www.aero.jaxa.jp/eng/publication/magazine/apgnews/2012_no24/apn2012no24_02.html
[2] http://www.dlr.de/media/en/desktopdefault.aspx/tabid-4985/8422_read-19451

Sound radiation from a turbofan fan stage [1] Blade-vortex interaction on helicopter [2]

Vorticity

Turbulent inflow

Noise radiation from leading 

edge

Deformation of turbulence

Airfoil

https://www.aero.jaxa.jp/eng/publication/magazine/apgnews/2012_no24/apn2012no24_02.html
http://www.dlr.de/media/en/desktopdefault.aspx/tabid-4985/8422_read-19451
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Airfoil Self-Noise

[1] Oerlemans, S., Sijtsma, P., & López, B. M. (2007). Location and quantification of noise sources on a wind turbine.Journal of sound and vibration, 299(4-5), 869-883.
[2] Yamamoto, K., Takaishi, T., Murayama, M., Yokokawa, Y., Ito, Y., Kohzai, M., & Tsuchimoto, Y. (2018). FQUROH: A Flight Demonstration Project for Airframe Noise Reduction Technologyςthe 2nd Flight Demonstration. In2018 
AIAA/CEAS Aeroacoustics Conference(p. 4087).

Wind turbine sound source map [1] Aircraft-on-approach source map [2]

Vorticity

Turbulent boundary layer
Forced flow matching

Noise radiation from trailing 

edge

Airfoil
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Wind Turbine Noise and Complaints

[1] https://blogs.sw.siemens.com/simcenter/not-in-my-backyard-how-annoying-is-wind-turbine-noise/
[2] https://www.wind-watch.org/documents/wind-turbine-noise-complaint-predictions-made-easy/

https://blogs.sw.siemens.com/simcenter/not-in-my-backyard-how-annoying-is-wind-turbine-noise/
https://www.wind-watch.org/documents/wind-turbine-noise-complaint-predictions-made-easy/
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Wind Turbine Noise and Complaints

[1] https://blogs.sw.siemens.com/simcenter/not-in-my-backyard-how-annoying-is-wind-turbine-noise/
[2] https://www.wind-watch.org/documents/wind-turbine-noise-complaint-predictions-made-easy/

https://blogs.sw.siemens.com/simcenter/not-in-my-backyard-how-annoying-is-wind-turbine-noise/
https://www.wind-watch.org/documents/wind-turbine-noise-complaint-predictions-made-easy/
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Why Noise Mitigation is Important?
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Why Noise Mitigation is Important?

Power curtailment is no longer needed
Or

Higher energy production within the noise limit
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Aircraft Noise

12

[1] https://www.bdl.aero/en/topics-and-positions/sustainability/aircraft-noise/

https://www.bdl.aero/en/topics-and-positions/sustainability/aircraft-noise/
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Aircraft Noise

[1] Kuwait airways 707, Pinterest
[2] https://blog.klm.com/jet-engines-are-hot-in-at-least-4-ways/
[3] https://www.nap.edu/read/23490/chapter/6#36

Boeing 707[1]

Turbojet
Boeing 777[2]

High-bypass turbofan

1960s 2000s

13

[1] https://www.bdl.aero/en/topics-and-positions/sustainability/aircraft-noise/

https://www.bdl.aero/en/topics-and-positions/sustainability/aircraft-noise/
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Aircraft Noise

[1] Kuwait airways 707, Pinterest
[2] https://blog.klm.com/jet-engines-are-hot-in-at-least-4-ways/
[3] https://www.nap.edu/read/23490/chapter/6#36
[4] Lecture 6 Turbojet Turbofan Increasing thrust, CHALMERS
[5] http://www.cimne.com/vpage/2/2189/Objectives

Boeing 707[1]

Turbojet
Boeing 777[2]

High-bypass turbofan

1960s 2000s

Fan noise

14

[1] https://www.bdl.aero/en/topics-and-positions/sustainability/aircraft-noise/

https://www.bdl.aero/en/topics-and-positions/sustainability/aircraft-noise/
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Potential Solutions

HOW CAN WE ACHIEVE NOISE REDUCTION?

Porous materials Serrations Vortex Generators

1. Soundabsorption

2. Noisesourceintensityattenuation

3. Acousticinterference

PROMISING FLOW CONTROL DEVICES ?

15
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TIN Reduction 
by Wavy Leading EdgeSerrations

17

[1] Bachman,T. Frontier in Zoology, 2007
[2] Geyer,T. AIAA, 2014 

[3] Fish, Integrativeand Comparative Biology, 2011

SA Public Workshop, 26 November 2020



TIN Reduction 
by Wavy Leading EdgeSerrations

ΨTunedΩ serrations, NACA 0012Flat-plate

18

L

, τȿ

2
h

ȿ
P. Chaitanya et al. JFM, 2017
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[2] J. W. Kim, S. Haeri, and P. Joseph, ñOn the reduction of aerofoil-turbulence interaction noise associated with wavy leading edges,ò J. Fluid Mech., vol. 792, pp. 526ï552, 2016.
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Basic Noise Reduction Mechanisms

ÅCutoffeffect due to the oblique edge [2]

[1] S. Narayanan, P. Chaitanya, S. Haeri, P. Joseph, J. W. Kim, and C. Polacsek, ñAirfoil noise reductions through leading edge serrations,ò Phys. Fluids, vol. 27, no. 2, 2015.

ÅDestructive interference of the scattered surface pressure [1]



[2] J. W. Kim, S. Haeri, and P. Joseph, ñOn the reduction of aerofoil-turbulence interaction noise associated with wavy leading edges,ò J. Fluid Mech., vol. 792, pp. 526ï552, 2016.
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dB

60

20

Dominant sound Reducedsound

In phase Phase differences

Basic Noise Reduction Mechanisms

[1] S. Narayanan, P. Chaitanya, S. Haeri, P. Joseph, J. W. Kim, and C. Polacsek, ñAirfoil noise reductions through leading edge serrations,ò Phys. Fluids, vol. 27, no. 2, 2015.
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Experimental Results
Baseline versus Serrated Flat-Plates 

Baseline
Serrations

ÅHigher noise reductions occur at ~5 kHz 
over all radiation angles

Flow
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Experimental Results
Baseline versus Serrated Flat-Plates 

Baseline
Serrations

ÅHigher noise reductions occur at ~5 kHz 
over all radiation angles



Airfoil TEN contribution to the 
Total Airfoil Noise 

Beamforming

Far-field microphone

Bampaniset al., AIAA 2019
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Comparison of 
Predictions with Experiments

ÅGood agreement at low and midfrequencies

ÅPossible future improvementby applyinga shear-layerrefraction
correction. 

ÅDiscrepanciesat high frequenciesdue to the trailing-edgenoise 
contribution. (TEN isnot includedin the analyticalmodelling).

Experiment
Analytical

Flat plate baseline
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ECL PorousAirfoil

Metal wiremesh

Metal wool

The porous airfoil includes a rigid 

skeleton with a center plate with 

recessed edge, filled with porous 

material. 

A smooth surface is ensured by 

covering the assembly with a 

wiremesh. 
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Far-Field Estimates of TIN Reduction 
on Porous Airfoils

Max ɲdB

Melamine foam with frame

Melamine foam

Full sample

ÅFlow speed: 32 m/s
ÅπЈAOA

Full-chord centerplate 
(V1) 

Recessed-edge centerplate
(V2) 

Bampanis& Roger (AIAA 2020)

SA Public Workshop, 26 November 2020
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Rotor-Stator Interaction Noise

Rotor-stator interaction in turbofan

Rod-airfoil configuration [1]

Typicalturbofan noisepower spectra Noisespectraof rodςairfoil configuration@75m/s [1]

Vorticity

[1] Teruna, C., Avallone, F., Casalino, D., & Ragni, D. (2020). Numerical Investigation of Leading EdgeNoise Reduction on a Rod-Airfoil Configuration Using Porous Materials and Serrations. Journal of Sound 
and Vibration, 115880.

PowerFLOW®
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Noise and LE Treatment Types

28

5406-SLE 5406-PLE 5406-SPLE 5406-WLE

5406-PWLE

Ni-Cr-Al metal foam block

[1] Teruna, C., Avallone, F., Casalino, D., & Ragni, D. (2020). Numerical Investigation of Leading Edge Noise Reduction on a Rod-Airfoil Configuration Using Porous Materials and Serrations. Journal of Sound 
and Vibration, 115880.
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Noise and LE Treatment Types

PWL reduction for different LE treatmentsComparison of source power level (PWL)

29

5406-SLE 5406-PLE 5406-SPLE 5406-WLE

5406-PWLE

[1] Teruna, C., Avallone, F., Casalino, D., & Ragni, D. (2020). Numerical Investigation of Leading Edge Noise Reduction on a Rod-Airfoil Configuration Using Porous Materials and Serrations. Journal of Sound 
and Vibration, 115880.



[1] Teruna, C., Avallone, F., Casalino, D., & Ragni, D. (2020). Numerical Investigation of Leading Edge Noise Reduction on a Rod-Airfoil Configuration Using Porous Materials and Serrations. Journal of Sound 
and Vibration, 115880.
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Aerodynamic Analysis

5406-PLE 5406-SPLE 5406-WLE 5406-PWLE

30

Ўὅȟ Ϸ Ўὅȟ Ϸ

5406-WLE -5.36 +5.73

5406-PLE -23.21 +56.70

5406-SPLE -20.68 +55.24

5406-PWLE -13.28 +35.35

Aerodynamic penalty comparison

Comparison of mean surface pressure distribution



[1] Teruna, C., Avallone, F., Casalino, D., & Ragni, D. (2020). Numerical Investigation of Leading EdgeNoise Reduction on a Rod-Airfoil Configuration Using Porous Materials and Serrations. Journal of Sound 
and Vibration, 115880.

SA Public Workshop, 26 November 2020

Aerodynamic Analysis

31



[1] Teruna, C., Avallone, F., Casalino, D., & Ragni, D. (2020). Numerical Investigation of Leading EdgeNoise Reduction on a Rod-Airfoil Configuration Using Porous Materials and Serrations. Journal of Sound 
and Vibration, 115880.
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Aerodynamic Analysis

32



[1] Zamponi et al., 25th AIAA/CAES, 2019

Solid airfoil Porous airfoil

33

VKI rod-airfoil configuration

¦ Red

30 m/s 40,800

SA Public Workshop, 26 November 2020

0.157 m

0.174 m

0.040 m

NACA-0024 
airfoil

cylindrical rod
(d = 0.02 m)

side-platess = 0.2 m
Ȅ

Ř

-10.20

-8.20

0

7.85

[1]
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VKI porous airfoil

Solid centerplane

Hard plastic exo-skeleton

Melamine foam

Metallic wire-mesh
NACA-0024 profile

SA Public Workshop, 26 November 2020

Material ꜚ[%] Ɑ[Pa s m-2] ♪ [-] [m] ᴂ[m] kõ [m2]

Melamine foam 98.6 8,683 1.02 1.344 10-4 1.942 10-4 2.305 10-9

Exo-skeleton 80.0 ~ 0 ~ ~ ~ ~

Wire-mesh 60.8 ~ 0 ~ ~ ~ ~

Determination of melamine foam parameters according to the JCAL model[1-3]

[1] Johnson et al., J. Fluid Mech., 1987          [2] Champoux and Allard, J. Appl. Phys., 1991          [3] Lafarge et al., J. Acoust. Soc. Am., 1997
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Airfoil layers characterization

[1] Satcunanathan et al., INTER-NOISE, 2019

4 samples of melamine foam are characterized by means of an impedance tube 

to analyze the sound absorbing behaviorof the porous material[1]

‌ ρ Ὑ

Absorption 

coefficient Emitted signal
Emission 

frequency range
Acquisition 

frequencyrange

White noise 50 - 5.000 Hz 80 - 4.300 Hz

Reflection

coefficient

0.2 mm
2.0 mm

15.5 mm

SA Public Workshop, 26 November 2020
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Source Distribution Isolation

[1] Zamponi et al., Journal of Sound and Vibration, 2020

Acoustic beamformingproved to be an effective tool to properly isolate
noise source contributions and evaluate airfoil-turbulence interaction noise[1]

What is the origin of the noise reduction?

Absolute sound pressure levels Relative sound pressure levels

SA Public Workshop, 26 November 2020
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How Does Porosity Affect the Flow?

Vortices distortion at LE

Air flow circulation
within the airfoil

Boundary-layer 
characteristics

Airfoil potential 
effect

SA Public Workshop, 26 November 2020
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Unsteady Flow-Field Investigation

[1] Zamponi et al., Journal of Sound and Vibration, 2020

Turbulent Kinetic Energy (TKE)Turbulence intensity

The flow field in the stagnation region is studied through LES[1]

Solid airfoil Porous airfoil

Porous airfoilSolid airfoil

SA Public Workshop, 26 November 2020
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Turbulent Velocity Spectra Comparison

The turbulence distortion is attenuated for a porous airfoil[1]

ÅBlocking of velocity fluctuations by the pressure of the body

ÅDistortion of vorticity field by the mean flow

Turbulence distortion mechanisms[2]

[1] Zamponi et al., Journal of Sound and Vibration, 2020 [2] Zamponi et al., Journal of Fluid Mechanics, Under review

SA Public Workshop, 26 November 2020
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Wall-Pressure Fluctuations

Solid airfoil Porous airfoil

SA Public Workshop, 26 November 2020
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Trailing-edge serrations

42

ÅTrailing edge serrations are widely used 
noise reduction devices;

ÅStill there is a lack of information on the 
effects of the flow on the noise reduction:
ÅHigh spatial and temporal resolution 

information required;
ÅWell designed trailing edge serrations can 

improve noise reduction in respect to the 
standard sawtooth.

[1] Oerlemans, S. et al (2009) Reduction of Wind Turbine Noise Using Optimized Airfoils and Trailing-Edge Serrations. AIAA Journal
[2] Siemens website (2020) Dino Tails Next Generation.

[1]

[2]
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Goal

43

ÅUnsteady flow (pressure) over trailing-edge serrations;
ÅHigh spatial and temporal resolution required for aeroacoustic study.

Novel flow diagnostics for trailing-edge serration assessment

Time-resolved 3D-PIV Unsteady surface pressure sensors
ÅLower temporal resolution;
ÅHigher spatial resolution;
ÅVelocity field only (reconstruct 

pressure);
ÅRestricted interrogation volume;
ÅPost processing chain.

ÅHigh temporal resolution;
ÅLimited spatial resolution;
ÅPressure field;
ÅModel installation.
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3D-PIV - Post Processing

Å 3D-PIV using Helium Filled Soap Bubbles:

Å Flow measurements in a large domain;

Å Shake the box particle tracking (3D-LPT):

Å Particle location and velocity;

Å VIC+:

Å Gridded velocity field;

Å Pressure reconstruction:

Å ​ὖ ”​Ȣ .

Particles Pressure

SA Public Workshop, 26 November 2020



Aerodynamic measurements

45SA Public Workshop, 26 November 2020

ÅSecondary flow formed on the serrations 
undergoing aerodynamic loading (vortex 
pairs along the serration);

ÅAlterations of the pressure fluctuations 
along the serration;

Å Implications on far-field noise.


