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Can We Blame Turbulence? -i-’;u Delft

| Laminar

: Turbulent
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[1] http://www.2decomp.org/dstar.html
[2] https://images.app.goo.gl/CDy38ig5yotfVN

Yc9
[3] https://www.sciencealert.com/thénternet-is-obsessingpverthis-impossiblewater-stream

7 | High Reynolds numbe& turbulence
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X Aﬁwﬁ Turbulencelnteraction Noise 'i';U Delft
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Stator interacts with wake
Part where flow is low (wake)

Sound radiation from a turbofan fan stage [:Ij Bladevortex interaction on helicopter [2]
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[1] https://www.aero.jaxa.jp/eng/publication/magazine/apgnews/2012 no24/apn2012n024 02.html
[2] http://www.dIr.de/media/en/desktopdefault.aspx/tabidio85/8422 reaedl9451
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Emart Airfoil SeltNoise ZUDelft

[ Forced flow matching1
Turbulent boundary layer

Vorticity
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Main landing gear

kAircraftpon-approach source map [ZL

\ Wind turbine sound source map [1}

[1] OerlemanssS. Sijtsma P., & 6pez B. M. (2007). Location and quantification of noise sources on a wind tuldnimeal of sound and vibrati@994-5), 869883.
[2] Yamamoto, K., Takaishi, T., Murayama, M., Yokokawa, Y.KbthzgiM., &Tsuchimoto Y. (2018). FQUROH: A Flight Demonstration Project for Airframe Noise Reduction Tettmalodylight Demonstration. 2018

AIAA/CEAS Aeroacoustics Conferme#087).
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Wind Turbine Noise and Complaints 'i';U Delft

HOW LOUD IS AWIND TURBINE?

Wind turbines, in
residential areas, are
placed no closer than Hl
300 meters from the

nearest house.

100bB(A)

40bB(A)

refrigerator 50bB(A)

e

0 meters 100 meters

200 meters

[1] https://blogs.sw.siemens.com/simcenter/nimi-my-backyardhow-annoyingis-wind-turbine-noise/

300 meters

[2] https://www.wind-watch.org/documents/windurbine-noisecomplaintpredictionsmadeeasy/
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o Aﬁw& Wind Turbine Noise and Complaints yjpelft

@ e @e“egﬁmmﬁ m SPORT ENTERTAINMENT FINANCIEEL VROUW LIFESTYLE WAT U ZEGT

Eerste NL’se
klimaatvluchtelingen een feit:
'Windangst, het lawaai is niet te
harden’

™  Door EDWIN TIMMER
31 okt. 2020 in BINNENLAND
o) Lees voor | | 4

AMSTERDAM - De eerste Nederlandse klimaatvluchtelingen zijn een feit. Niet vanwege natte voeten, maar omdat burgers het
geluid van windparken niet kunnen harden. Ook omwonenden van biomassacentrales klagen steen en been. Zijn gezondheid
en milieu in Nederland ondergeschikt aan onze klimaatdoelen? Ik zie wel een overeenkomst met het Groninger gas en de
Limburgse mijnen: energiebelangen wegen zwaarder dan andere belangen.”
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[1] https://blogs.sw.siemens.com/simcenter/nimi-my-backyardhow-annoyingis-wind-turbine-noise/
[2] https://www.wind-watch.org/documents/windurbine-noisecomplaintpredictionsmadeeasy/
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. ﬁg\%{ Why Noise Mitigation Is Important? -i-’;u Delft
Evolution of wind turbine

heights and output

300m 13-15 MW

200m 7 MW 9 MW

100m 1.2 MW 2
0.5 MW
1-12kW * *
19t C 1990 1995 2000 2005 2010 2015 2025

Sources: Various; Bloomberg New Energy Finance
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Why Noise Mitigation Is Important? -i-’;u Delft

Sound Power Level vs Rotor
Diameter
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Annual Energy Production vs.
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Power curtailment is no longer needed
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Higher energy production within the noise limit

SAARublcWdlatksbops 26 Navember2020

11



|

| ANSWER

Aircraft Noise

]
TUDelft

(~30 dB)

B;r37rnax 8
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2010 2020 2030

Development of aircraft noise emissions
Lateral noise level standardized
to 500 kN EPNdB
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° 90O
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[1] https://www.bdl.aero/en/topicsand-positions/sustainability/aircraftoise/
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sy’n’ar‘t Aircraft Noise -i-;u Delft

1960s 2000s
Boeing 70 Boeing 777
Turbojet Highbypass turbofan
70%\ ‘ / gnoyp
0% 60%~_
60% |
>

o“?}

50% &
20%

Turbojets
eB707

40%

Motor Thermodynamic Efficiency

30% - : : ; :
40% 50% 60% . _70_% 80% 90%
Propulsive Efficiency

[1] Kuwait airways 707, Pinterest
[2] https://blog.kim.com/jetenginesare-hot-in-at-least4-ways/
[3] https://www.nap.edu/read/23490/chapter/6#36

[1] https://www.bdl.aero/en/topicsand-positions/sustainability/aircrathoise/
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’ Smart Aircraft Noise 'i';U Delft

1960s 2000s
Boeing 70 Boeing 777
Turbojet Highbypass turbofan
!
il
5 | [ Fan Broadband
o | | |EFan Tones
E E e g'tl?j:sine
é | W Jet
o |— | |@ Airframe
|| L]
|
‘_'_’Departu re ‘—|—’ Landing
[ | J
Fan noise

[1] Kuwait airways 707, Pinterest
[2] https://blog.kim.com/jetenginesare-hot-in-at-least4-ways/
[3] https://www.nap.edu/read/23490/chapter/6#36

[P kecivredy TiTbaieb/etbeixdnergasingribrisiiEHAliMERSrafoise/
[5] http://www.cimne.com/vpage/2/2189/Objectives
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o & 3&%‘% Potential Solutions TUDelft
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HOW CAN WE ACHIEVE NOISE REDUCTION?

1. Soundabsorption
2. Noisesourceintensity attenuation
3. Acoustidnterference

PROMISING FLOW CONTROL DEVICES ?

Porous materials Serrations Vortex Generators

SARublicvasksbops 26 Navember?020 15
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Il. LEADING-EDGE TREATMENTS
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’;;;5 K TIN Reduction
| ANSWER by WavyLeading Edg&errations

leading
. edge
B, comb

trailing
edge
fringe

1] Bachman,TFrontier inZoology 2007
[2] Geyer,T AIAA, 2014

[3] Fishntegrativeand Comparativ8iology 2011
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’Smm TIN Reduction @
| ANSWER by WavyLeading Edg&errations

ECOLE
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Flatplate NACA OOlEt WunedXxerrations
(s ) TS
P. Chaitanya et al. JFM, 201
< I=
A
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iismart Basic Noise Reductioechanisms
o\ ANSWER

(E:‘I:E(I)\II-1E'RALE LYON
A Destructive interference of the scattered surface pressure [1]
A Cutoffeffect due to the oblique edge [2]
[1] S. Narayanan, P. Chaitanya t&eri P. Joseph, J. W. Kim, and Bolacsek i Ai r f oi | noi se reduct i @hys Fludevolo2d, gdh2,2085a di ng e d

[21J.W.Kim,SHaeri and P. Josephaerofoidrurtblud ermnedu d tnitemr aacft i on noi sJeFluid Mechy wli 792, gpd528862,12016. wa vy |
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lSmart Basic Noise ReductioMdechanisms v
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Dominantsound 4B Reducedsound
60 N

A v
H 20
\/\ “ﬂ\\ Phasddifferences

In phase
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[1] S. Narayanan, P. Chaitanya t&eri P. Joseph, J. W. Kim, and Bolacsek i Ai r f oi | noi se reduct i @hys Fludevolo2d, gdh2,2085a di ng e d
[21J.W.Kim,SHaeri and P. Josephaerofoidrurtblud ermnedu d tnitemr aacft i on noi sJeFluid Mechy wli 792, gpd528862,12016. wa vy |
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’ i :h?',d.ft' Experimental Results

| ANSWER Baseline versus Serrated HBEtates
——— Baseline
— Serrations
1048, (key = 2.0) 4008, (kcy = 7.5)

2

A Higher noise reductions occur at ~5 kH:
over all radiation angles
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’5 1 Experimental Results
:Smart |
| ANSWER Baseline versus Serrated HBtates

ECOLE
CENTRALELYON

—— Baseline
— Serrations

[——TIN (h/eo = 0.1)
40 1 e SN (h/co = 0.1)
—— ATIN (h/cy = 0.1)
——— ATIN (h/cy = 0.07
1048, (key = 2.0) 30 | (h/co = 0.07)] |
% Sel fnoise dominates
e 20 - ===
=
P e -
4 10
0
-10

”103 | - III104
Frequency [Hz]

A Higher noise reductions occur at ~5 kH:
over all radiation angles
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""Smart Airfoll TEN contribution to the @

0\ ANSWER Total Airfoil Noise

ECOLE
CENTRALELYON

— ATIN

90 |l ——ASN 1B
- = =ATINp dominates
— ATINE
15 H——ATIN 5. 15
Qq
310+
(|
= 5
O
< Reduction

Increase

| '161
feo/U
Bampaniset al., AIAA 2019
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’EESSm art | _Compquson of | &
©\ ANSWER Predictions with Experiments
1048, (kL, = 0.2) 4008, (KL, = 0.7)
—— Analytical " 0
—— Experiment ) | ‘:
Flat platebaseline X T 7 X

A Good agreement at low and mickquencies

A Possible futurémprovementby applyinga shea-layerrefraction
correction.

A Discrepancieat highfrequenciesdue to thetrailing-edgenoise
contribution. (TENs not includedin the analyticaimodelling.
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Smart ECLPorousAirfoll
ANSWER

D&

Metal wool

The porous airfoil includes a rigid
skeleton with a center plate with

recessed edge, filled with porous
material.

Metal wiremesh
il L ddd A

Al wiremesh

i Qs
Ay Nuu

AT ITYTTIATYNST
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’ Smart FarField Estimates of TIN Reduction

a ANSWER on PorousAirfoils @
i ——
Fullchordcenterplate s P sl rolfiimsssieds Recesse@dgecenterplate
V1) %Qn Al (V2)
N A
AN\ A

A ﬁj#\ 100 M dB 10! « A/\/ﬁ\’/__\
/‘_\_ : axX \ : '
N y

Bampanis Roger (AIAA 2020)

Full sample —
Frequency [kHz|

®oe
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S mart Rotor-Stator Interaction Noise 'i"U Delft

Vorticity

50 256 0 25 50

Rodairfoil configuration [1]

Rotor-stator interaction in turbofan
>
— r Blade-passage DS S'MUL’Q

/’! ¢ frequency (BPF)

PowerFLOVW® _

| =

PWL, @
dB

2

Typicalturbofan noisepower spectra Noisespectraof rod ¢ airfoil configuration@ 75m/s [1]

[1] Teruna, CAvallone F.,CasalingD., &Ragnj D. (2020). Numerical Investigationlefading Edgbloise Reduction on a Rédrfoil Configuration Using Porous Materials and Serrations. Journal of S
and Vibration, 115880.
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q’AﬁwErﬁ Noise and LE Treatment Types 'i';U Delft

5406-SLE 5406PLE 5406-SPLE 5406 WLE

1
1
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1
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1
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1
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[1] Teruna, CAvallone F.,CasalinpD., &Ragni D. (2020). Numerical Investigation of Leading Edge Noise Reduction orfdrfeib€onfiguration Using Porous Materials ardr&ions. Journal of Sounc
and Vibration, 115880.
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Smart Noise and LE Treatment Types 'i';U Delft

S5406PLE 5406-SPLE 5406 WLE

100 - )
1 =
_ (4]
il —SLE 7
=R~ - - -PLE =
s 51 YN | - SPLE z 5406 PWLE
= g --=-=- WLE )
3 ......... PWLE 1
= 5
60 S—‘
T N
50 T ' ' A ! A
0.1 0.2 0.4 0.8 g
St )
B Broadband Tonal
Comparison of source power level (PWL) PWL reduction for different LE treatments

[1] Teruna, CAvallone F.,CasalinpD., &Ragni D. (2020). Numerical Investigation of Leading Edge Noise Reduction orfdrfeib€onfiguration Using Porous Materials ardr&ions. Journal of Sounc
and Vibration, 115880.
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‘ ’ Smart Aerodynamic Analysis 1,';U Delft

5406PLE 5406:SPLE 5406WLE 5406PWLE

04- ~
5 0
E ™
- 1 \\
o RN

5406 WLE .5.36 +5.73
5406-PLE 23.21 +56.70 1 f WLk i)
| ] '_i ----- WLE (mid))
5406.SPLE -20.68 +55.24 . . T = WLE (roo0)
0.0 0!2 0.I4 076 078 | .IO O!O 0!2 074 0f6 0?8 | TO
5406PWLE|  -13.28 +35.35 » o

Comparison of mean surface pressure distribution

[1] Teruna, CAvallone F.,CasalinpD., &Ragni D. (2020). Numerical Investigation of Leading Edge Noise Reduction orfdrfeib€onfiguration Using Porous Materials ardr&ions. Journal of Sounc
and Vibration, 115880.
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Aﬁg‘}\% Aerodynamic Analysis TUDelft

Solid LE

7Y |

Visualisation of vertical velocity component

Cross.-ﬂ;:\; inside the materlal + == “- - b}

—_—

Porous LE

[1] Teruna, CAvallone F.,CasalinpD., &Ragni D. (2020). Numerical Investigationlefading EdgBloise Reduction on a Ra¥rfoil Configuration Using Porous Materials and Serrations. Journal of S
and Vibration, 115880.
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B 3&&% Aerodynamic Analysis TU Delft

Solid LE

Visualisation of the intensity of velocity fluctuations

Porous LE

Flow ejection here |

[1] Teruna, C Avallone F.,CasalinpD., &Ragni D. (2020). Numerical Investigationlefading EdgBloise Reduction on a Re¥rfoil Configuration Using Porous Materials and Serrations. Journal of S
and Vibration, 115880.
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4

=
R

7.85

-8.20

-10.20+%

30 m/s 40,800

VKI rodairfoil configuration

+

s=0.2m

[1] Zamponiet al., 23" AIAA/CAER019
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Acoustic muffler
RN

von KARMAN INSTITUTE
FOR FLUID DYNAMICS

Exhausting fan
—

1 Flow
| l—l_@ direction

NACAD024
airfolil

cylindrical rog

.~ (d=0.02m)

Acoustic isolation
and anechoic treatment

Contraction
N Flow
Turb. reduct. direction
grids

IR

AIRRTR RN

1
EREREREERERETHRITNH)Hhunsssss:S{y

0]

Solid airfoll

[1]

Porous airfoll
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i Smart VKI porous airfoil ==
q ANSWER FOR FLUID DYNAMICS
.
NACAD024 profile Hard plasticexo-skeleton
e TR,

Melamine foam

Determination of melamine foam parameters according to the JCAL bdel

Material  [%] d[Pasm] b [ [m] $| k02 [ m
Melamine foam  98.6 8,683 1.02 1.34410* 1.942 10* 2.305 10°
Exaskeleton 80.0 ~0 ~ ~ ~ ~
Wiremesh 60.8 ~0 ~ ~ ~ ~

[1] Johnsoret al., J. Fluid Mech1987 [2] Champoux and Allard, Appl. Phys1991 [3] Lafargeet al., J.Acoust Soc. Am.1997
SAARublcWdlatksbops 26 Navember2020 34
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q’ Aﬁg‘}g{ﬁ Airfoil layers characterization ==

4 samplesof melamine foamare characterized by means of ampedance tube
to analyze thesound absorbing behavioof the porous material

Absorption Reflection

coefficient ! coeffiCien NG st Emission Acquisition
| P Y frequency range frequencyrange
1 -

White noise 50-5.000 Hz 80-4.300 Hz

= =MIlmn sample 1
----- MIlmn sample 2

0.8 4 ===MImn sample 3
WM + Exo-sk + Mlmn .
w— JCAL model gﬁﬁflw -
0.6 - S ‘Js:
3
0.4 - v
-20.2 mm
2.0 mm
A
0.2+
15.5 mm
0- T
1 2 3 4 5

f [kz]
[1] Satcunanathart al., INTERNOISE2019
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S mart Source Distribution Isolation =

| ANSWER

von KARMAN INSTITUTE
FOR FLUID DYNAMICS

Acoustic beamformingproved to be an effective tool to properigolate
noise source contributions and evaluat&foil-turbulence interaction noisé

Absolute sound pressure levels Relative sound pressure levels
90 1 31
— '—2-
A 80+ el
— - L Q
41 1
S S
70 1 T
—Solid —— 1 -
— =Porous - — Porous
0.2 03 04 0.5 0.6 0.2 03 04 05 0.6
St = fd/Usx St = fd/Us

What is the origin of the noise reduction?

[1] Zamponiet al., Journal of Sound and Vibratio2020
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’ “smart  How Does Porosity Affect the Flow? 1~
% RHSHWER Ly
[ Vortices distortion at]_E [Boundaryl_ay_er]
characteristics

: : . Airfoil potential
Air flow circulation
o o effect

within the airfoll
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ANSWER

0.21

’::: : mart
a

Unsteady FlowField Investigation ==

von KARMAN INSTITUTE
FOR FLUID DYNAMICS

Theflow field in the stagnation region is studied through EES

Solid airfoil

-
-

.
.
K
J‘.T:!_—_‘m._—l&-—-—-—-—

—_—U'/ UDO solid
- - u'/U porous
o0 .
—=-v'/U solid \ ety
o0 ~ .
----- v'/U__porous ~
i N
-2 -1 0 1
&= x/rjL £

[1] Zamponiet al., Journal of Sound and Vibratio2020
SARublatksibops 26 Neviember@020
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Turbulent Kinetic Energy (TKE)

Solid airfoil

-1 0
ﬁ'}/T‘LE

1
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Porous airfoil
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’ smart  Turbulent Velocity Spectra Comparison -
O ANSWER T

Theturbulence distortionis attenuated for a porous airfdil

Turbulence distortion mechanisiis

ABIocking of velocity fluctuations by the pressure of the body

101 10 1
0 E
7 -10 2
& Rs--s =
E > . .
201 -
S a2 -30 2 -
401 — Solid ] — Solid
= = Porous = = Porous
-50 ; . . -50 . : .
107! 10° 10! 107! 10° 10!
St = fd/Us St = fd/Us
[1] Zamponiet al., Journal of Sound and Vibratio2020 [2] Zamponiet al., Journal of Fluid Mechanicgnder review
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Enws ., ==
HEL RS : g&%
8 S Rians y_—
i Smart Wall-Pressure Fluctuations e
(\ ANSWER von KARMAN INSTITUTE
FOR FLUID DYNAMICS
Solid airfoil Porous airfoll
_ ><10'3 ><10'3
0.2 3 0.2 3
= 2% = zzﬁ
= E = E
0 = 0 =
0.4 1 0.4 1
0.2 0.2
0 0 0 0
z/c 0.2 z/c
80 1 80 1 R0 -
60 1 / 601 / 604
§ 401 ‘ § 40 - - ‘ § 40 -
=, =, S
. 207 . 207 . 207
Q\& Q\&« Q\Q‘
gj 0 g_‘) 0 g_.) 01
204 —Solid 204 ——>Solid 204 —Solid
—— Porous —— Porous ——Porous
40 : 40 - 40 ;
10° 10° 10°
St = fd/ Vy St = fd/ Ve St = fd/ Vi
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Ill. TRAILING-EDGE TREATMENTS
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r\’ Aﬁwﬁ Trailing-edge serrations 'i';U Delft

A Trailing edge serrations are widely used
noise reduction devices;

A Still there is a lack of information on the
effects of the flow on the noise reduction
A High spatial and temporal resolution

iInformation required,

A Well designed trailing edge serrations can

Improve noise reduction in respect to the

standard sawtooth.

[1]
, ,,.‘ 2]

[1] Oerlemans, S. et al (200Rkduction of Wind Turbine Noise Using Optimized Airfoils and Tr&itlgg SerrationsAIAA Journal
[2] Siemens website (2020) Dino Tails Next Generation.
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Novel flow diagnostics for trailingedge serration assessment
A Unsteady flow (pressure) over trailt@glge serrations;

4 i

Timeresolved 3EPIV Unsteady surface pressure sensors
A Lower temporal resolution; A High temporal resolution;
A Higher spatial resolution; A Limited spatial resolution;
A Velocity field only (reconstruct A Pressure field:;
pressure); A Model installation.

A Restricted interrogation volume;
A Post processing chain.
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3D-PIV- Post Processing ZUDelft

» Pressure

U [m/s] U [m/s] P [Pal
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10 10 5y """"H\._ » 55
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50
) * 0 6 50 70
X
A 3D-PIV using Helium Filled Soap Bubbles: [HAPPing elenents

A Flow measurements in a large domain;
A Shake the box particle tracking (aPT):

A Particle location and velocity;
A VIC+:

A Gridded velocity field;
A Pressure reconstruction:

A 0 "8,

————______ TBL microphones

TE flap hinge
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gg ~ . ]
: rt
X Aﬁwm Aerodynamic measurements TU Delft
A Secondary flow formed on the serrations
undergoing aerodynamic loading (vortex
pairs along the serration);
A Alterations of the pressure fluctuations
along the serration;
A Implications on faffield noise.
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