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Design and Validation of Low Noise Airfoil Inspired by Flight of Owl

Minsin Kim', Chan-Young Ahn, Yujin Im, Yoon Seong Park, Kyung Chun Kim
School of Mechanical Engineering, Pusan National University
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Abstract

Compared to other birds, owls fly achieving remarkably low noise even that human cannot hear. It is well known that
the silent flight owes to both huge size of owl’s wing and microscopic morphologies of feathers, which make up wings,
composed of leading edge serration, trailing edge fringes, and velvet surface. To validate the noise reduction effect by
applying owl’s characteristics to an airfoil model NACAO0018. Three models: (1) without and (2) with leading edge
serrations and trailing edge fringes and (3) with serrations and feathers were prepared for comparison. Using particle
image velocimetry (PIV) and a blow-down low speed wind-tunnel, flow characteristics of boundary layer and wake are
measured with the three different models at two angle of attacks. It is found that the hairy wing with serration prevents
flow separation followed by noise reduction.

ed

surface 59 mmw$ o|3le EAS

9]

L
R

N Tl mlo B o of i R

M E

AR B AN F5 2 WYL B
Ml @golth. H AAA oAUXsh ¥ Hof
e wa Qs =AY Fusls A ¢
FHoR FEVIL Qb SRR PE A %
S agol 2 FAZ YTHL ok Fw
N9 AS, BelolEol A oprHE AFR &S
Fol A2 AAgEo BAGE =3 sl A%
Wtk AT dash Ak O g9 9
5 A 289 2717k FA el v 2
oelE HAA D HBANA &g WA F
b oArEE BAl 2 e BAZ dFEel w
WS FEA} TE A wAE 288 Fol

=
v Al
7E ol 5ol W] leading
ge (LE) serrations, trailing edge (TE) fringes 2 velvet
B3] #%
NS AGA T FFIGe] wEe oA
g o AL ke

3z

+832 A4} snssnskssk 12@pusan.ac.kr

leading edge sermration

g

F - % y iy

Ciees

vt e
.//'r(rrn
oV rye
¥y vga

trailing edge fringes

[

Leading edge serration Trailing edge fringes

Fig. 1 Barn owl wing
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Fig. 2 Sketch of the airfoil from the side (left) and top (right) views.
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Fig. 3 edge serration (left) and Leading edge
serration (right)
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Fig. 5 Airfoil without serrations and feathers from
the top views(CO0)

Fig. 6 Airfoil with serrations and feathers from the
top views(H1)
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2(2)2 %E3to] Reynolds 5 T3tk +719
27 15 °cY W, u =0.0000179 kg/m-s ,
p=1.23 kg/m30| 31 AFHEE p=2.6m/s O| L2 =
T YTNA WEHE 59 Reynolds T
53598 olth.ugh, oy F99 FAE YFFEe
Z M 4 Jom, Reynolds FolA 182
chordlength & 54 4°] 1=010m = & I 3
2 913 9] Reynolds 4= 17866 ©] T},

o
(d

2.3 A3 A3

23.1 98I AocA o WE F%
Fig. 7-& AoA 7} 7} 0°¢9F 4°<d W, 7|<& 2]& Co
o} A &S0, Hlo e £5 23S 285t
o3

ra
N
>
o

L 759 streamline 2 ©]t}.
Ag GA] AGelA dolA HAE 23] o}
of f1xste] #HolHE A 7] wiitol] <139

o
AEF2 2H8 A7 AR 913 Zd NACA 0018
2 dAolm=, A} olgE QEH
=

I e i e 1 a0 e s P S A B
x5 yEH 93] chordlength & 0] F2+¢
33k gholth

AoA=0° & m, CO = F59 vt g
olA Lo S0 oF HI o] F§ fedems

a9 w7t dojix
CO © AoA=0°% uwje} w3 ure]7} Adke] ¢
Wb ok FEolA ukeE] vt dojytt S0 & ¢
o] FA A FHoA urgl7} dojytom fotak

2 C0 9 AoA=4°°] A 9-Hrt} tl F ZFHolA Ht
27} HAETE o= AoA=4°°lA SO 2] leading
edge serration ¥} trailing edge fringes 7} %<2
Z AJAH S gusith. HA AdESs H A
H1 9 A5, 74 2o Sokdoz B7d
o "wEl7b dojyr] Za fsol 9y md
attached ¥ Z o2 SIE QT o] A= AoA=4°
ol A, Hl o H-2d HdA ZIE 9 trailing edge = <l
a o]y F9 fFrEol WA g F ZETE
AL ou gttt v Feeh x #EE 232 9
oy 2dil AcA o] WE HF E£E42] contour
T zo A ALke Aol e mE fE5e 54
S A Aot

R
|
2 Jr

[0}

232 9T} AocA ol WE Ht =%
Fig. 8 & AoA 7} 7+ 0°¢}

Cco < 7id 913 S0, HI o of o
AL F5Y vk Y =4S contour =

Ebdl 9ot} HlolHE -2 s

y FEE TAY Fx xx3 yrom AAI S

klth. o2 gk

Ho g Fadst ® dlolg &39] Fig. 8 ]t}
oy A, F3 9 &%, 9y Fs AA
slo] A3 3 Eol(yic)ol WE u S I E
2 =E33. 93T AcA S WA 6714 B
T AR e £E7t 2.6mis ol FHES e
T Atk =3 g ze] dgolHE =& Ay



yle
=

I
L]
05
0 05 1

xlc

(a) AoA=0°

ylc

. yle
o o
o o o
o
"
o
’ -

xlc

xlc

(b) AoA=0°

xle

(e) AoA=4°

05

lf:l
(c) AoA=0°

05
xlc

(f) AoA=4°

(d) AcA=4°
u/U: 0 01 02 03
AAS weHgs A & Ao E=3, A
% vel Sgel AF7h s A A0
dHe 74z el
swow wale 9AF A7) gete] welv)
A7) el F M 548 Agsqn 1 Rt
A 5L fAel A R Tue] oste] v
Bhe, ol b7k Szl o 9l A4, wE A
Bg-2o] 091 A Ho|.®
AoA (°) x/c ylc
0 0.812 0.043
Co
4 0.72 -0.013
0 - -
SO
4 0.589 0.006
0 - -
H1
4 - -

Table 1 Coordinates of Separation point

Table 1 2 o]=]dh =3 7HE AR SA4& B
Ao

ol AHE T3 Aolth €02 HF-ol= AoA=0
Auf, x*=x/c=0.812 9| A HF&]7} *gﬂﬁ AoA=4"

/e = 0720 oA ®re7} Ao, o]

y* =

<

08 09 1

AoA & F7tel uwhet vkt 3
T} S0 EEe] A 9o AoA =0’
A7 e ARE &S A o™ AocA = 4°
x* = x/c = 0.589 ° 4| 7} YElth H1
AoA 7} 0" & Wi} 47 A o BF BT} A
o attached flow U2 THA] dbﬂ 3o &t
=

ko] Q%] A4 ?*
H 9 OLEj?LBHL 7474]%‘

R
A~
T

=]
=

3@ X orfo & N Ay

N
T

o F

ol
2 Az Lo

22 H oftt
=(I)l=4

ol &

AN

THAATET weE 7] d7px
3, o] 2 23 S0
S HolE €0 Buh O
l UEl= Aoz Bl

ol ool o 4 b U

AoA = 4°
=)

o4 Co o vl $1X7F S0 muh o
Zo| 9= AL nHRIIA R S0 o HEEA

OS2 Qlste] =& ‘Eooﬂﬁxlgr vortex 7} 7] AoA
of o dFS ¢ A 7] witolrh
397, serrated hairy 2121 H1 o] A= S0 ¢ 7ol

Wieol 38 tHAE AoA o 93 Vortex & <



S g 4 Ay wEkA, HI &

o g
Wel 9ol AoA WAL AT fholw A
FEG FRIY BYI gAL A5HS L 5
St

3. 28

22 e o]l A serration @] <} trailing
edge fringe & 7M=& A ZH9 H2 of o
whE Hhe XlOS_ aS LOoFR ST AoA 7k 0°9) 4°
T 7HA Aol Al BEe] dis Fe AE
& st F 67H«] A B SRS EA46A
r *01]7\1 FET He g“‘*ﬂ“] 271 €] 7]%3} i
A&t tralhng edge frlnges E4& 7= HAd A
F2ek 2dlel H1 2 AoA 7} 0°9} 4°9] 7}
AoNA f5o] 2ol attached =] F&52

w7k dofubd ergkeke ol

o 1o

ﬂ.Lu

> mlo

,

sk, %EMM AoA ¢ FH EA w&
AAS % Bxo g E Sl AAS 54
S ¢ F Usle, serratlon o] dFAFASTHEE
Edtsly g ]ovOA $5HFY &
g 93t vortex & AANATE IS
ShaA gl SRgY It oAsl F5S
SHA A7), whebA] Suwln] o] AA Y REe
At Ao v FEd7] 2eS HAAY &
AT 7S AA g

PN
=

ror

=
[

K

(1) van Kamp, Irene, and Frits van den Berg, 2018,
"Health effects related to wind turbine sound,
including low-frequency sound and infrasound,”
Acoustics Australia, Vol. 46, No. 1, pp. 31-57.

(2) Rao, C. and Liu, H., 2018, “Aerodynamic robustness
in owl-inspired leading-edge  serrations: a
computational wind-gust model,” Bioinspiration &
biomimetics, Vol. 13, No. 5, 056002

(3) Weger, Matthias, and Hermann Wagner, 2016,
"Morphological variations of leading-edge serrations
in owls (Strigiformes).", PloS one, Vol. 11, No. 3.

(4) F. Avallone, C. Arce Leon, S Probsting, K. Lynch and
D.Ragni, 2016, "Tomograpic-PIV investigation of the
flow over serrated trailing-edges," the American
Institute of Aeronautics and Astronautics, Vol. 23, No.

5, pp. 3.

(5) Winzen, Andrea, Michael Klaas, and Wolfgang
Schroder, 2013, "High-speed PIV measurements of
the near-wall flow field over hairy surfaces.",
Experiments in fluids, Vol. 54, No. 3.

(6) Klosowiak, R., Bartoszewicz, J., and Urbanoak, R.,
2019, "The analysis of a jet structure inside a reversse
chamber," Thermal sicence, 2019, Vol. 23, Suppl. 4,
pp- S1357-S1365

(7) R.C. Hibbeler, 2016, “Fluid Mechanics.”

(8) Munson, Okiishi, Huebsch, Rothmayer, 2013, “Fluid
Mechanics”, John & Sons Singapore Pte. Ltd



	2. 이론 및 실험
	3. 결 론

