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Vortex lattice methodE 7]|¥te g 38 S S35},
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(potential flow)& Fet2 WA A (Laplace equation)s 534 =
o, 2139 AT (Green’s theorem)s o] &3t X229 &3l o=
e & 9.

1
b = — e V(?)dSwL D (2.5)

Egol= ZTWHAe $£% & AEL (o] (Neumann boundary
condition), E# o] =] 9 {5 g HAEE EdHo=2HE HojASy
5  FolEth. vortex sheetdl 3 LAFHE FUIFIFH I
Kutta-Joukowski theoremel] ]3] A4t cH6]. Edols 84 2 TR/
820 o3 &

A ggeE 2

AN EL Biot savart §¥ o2 a3, 339 3 A9

i b

2 FA(stall delay effect)S 237l )& Du &
Selig stall delay[7] 22& A-§33lch. A&y #F de, FA&3}
o AW EARE HA3] 2] A TN FFoERE 7 Y W
°]el ¢} table look-up2E F ¥ dlolg 7o zlo]F Fol7] 93
iteration3t= AN wA¥F ¢F EA 7Y (nonlinear vortex
correction method)S A}£3% S8, 9]. Newton-Raphson ®H8[10]&

o] &3} iterationsx 433} t}.



2.4. Y &% 4

Brooks, Pope, Marcolini®] ¢}3 A Z&(airfoil self noise)[11] 2

Lowson® i #% &S (turbulence ingestion noise)[12,13] |73 3 2]

(semi-empirical formula)s 7]HFe R F3}5 Jgd fisle] ¢ &

NS FAS A3 AA £F AP A L NACA0012 I3 & o &
71 &

¢ TF AYS Ve s AL Aol A AL Ad, 2AL

ﬂ[o

¥ (scaling), A4t 2 AZFe 7 A8},

2H AL BHo|EE o FHoR o] 7] HE EYA

+92% MRS en, 2 A @& 7 F7qAA F

g 2 75 5& ¥ (directivity)std &5EE AAtstgicl.

Zh <ol EHE JA 9F EFY LS (trailing edge bluntness

vortex shedding noise)2 7]& Brooks, Pope, Marcolini®] 47 @2} 2
= EHAI7F 9lo] B dFdA e HFelAH Blasius 8} HolE=24 ¥

ZERZSE F9 AFWAE &3 AFA AAND A[14]S A&



(turbulent boundary layer trailing edge
noise)< Ed ol ZWd JAR FF AAFTe] Edol= A vhilA
3T AAE A 289 J3 scalinge  Ffowces

Williams$} Hall[15]9] edge-scatter formulations 7]¥te 2 3cH[11].

AR EE Lgold

SPL oy e = 1010g (10710 4 1077510 4 1955/

(2.6)

5§ M°LD, St
SPLpzlolog( ng hJ+A(St”)+(K1—3)+AK1 (2.7)
T 1

e

*

§,M°LD, St,
SPL, = 10log] 5 Al + (K, —3) (2.8)
1

Te

*a b

§,M°LD, St,
SPL, = 10log *—— |+ B =~ |+ K,
r Sty

(2.9)
Al (2.7)& 43 oW (pressure side)o] W E£FE, 4 (2.8)2 93
19 (suction side)ell HF &



EHE JA oF £¥ 23 (trailing edge bluntness vortex shedding

noise)& Zelo|= Mol FEHaA SF A Fo] AAH] WARE &8

5.5 o) "
SPL, =10lo g(W—ZALD'}@ "oyl | e
r 5avg 5avg Stpeak (2 . 10)

o h h
Stoour = 0.1(—=—) + 0.095 — 0.00243+) [——< 0.2] (2.11)
I 5 5
avg avg
.212 — 0.004 h
Stpea.k: = 0 h 0.00 51/} h [02 < < 10]
1+ 0.235(——)"" — 0.0132(——) 2 Bany
avg 5@@9
h h
' 1 h oy 2
avg avg
g AdFFFoe] YW Y] EHE JA 9 F T 282 JE



2.4.3. 3¢5 74 =%

35 59 L& (turbulence ingestion noise) W7] 9 diF7l =¥

Te=EgS o EdHol=
pressure)o] A HA A EE 2So|th. Lowsone] Ak vk d A

Bl oJsn, Fuiye AYEYL o3 212,131

e vAd W ¥ (unsteady surface

m]o

lc
SPL = SPLE + 1010g10{TK1C} (2.12)

Al
SPLI = 1010g10{p cOL—M3IQk3(1 + k%)~ 7/3}+ 584  (2.13)
1= 25R%3, 000 (2.14)

— {0.24 +0.09610g,,2+0.016 (logloz)Q}% (2.15)

bisis

0}5

K, 2= A3 ®A AS, | turbulence length scale, wsms
o} ol
N

% (turbulent intensity)& YebdAtl. 21(2.14)} 2 (2.15)¢4 & F <
N

o] turbulence length scale @ W7 AE+ 2 JXH ARV} =o|=

F48 A4 elcHI6].
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2.5. A4 7Y AF

2.5.1. I{LA7] =g

B dFelA 243 THEAY) 2 FY e 4 E &5 el o
| o] % Sandia Lab9] BSDS (Blade System
Design Study) €& &3 cH17].
BSDS €9 Edeol= I4 2 AL da3 Zen, 2y WAL
9m, Edlo|= Aol 8375 mE AF FF 13.3 m/slA < 106 kW<
A7 E¥9& MASFES AAFHAYG. Edel= HbAe  65%7HA
FB6300-1800< W X¥ ¥ 53579 ZPW ¥ o] T 9o,
go] = o} H E(outhoard)= 4HF 93 FAE 2= S8307 S831 o

ez 45 ek

o

A A

h =

=2

il

19 2.2 BSDS Z9% Ede]lxe FAS
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£ 2.1 BSDS =¥ &E¥ol= A +x

r/R  Radius(mm) Chord(mm) AeroTwist(’) Airfoil Table
0.05 450 519 12 Circle
0.15 1350 610 12 FB 6300-1800
0.25 2250 792 11.9 FB 5487-1216
0.35 3150 764 9.0 FB 4286-0802
0.45 4050 656 6.4 FB 3423-0596
0.55 4950 521 4.3 FB 2700-0230
0.65 5850 414 2.6 FB 2700/S830
0.75 6750 312 1.3 S830
0.85 7650 230 0.5 S830/31
0.95 8550 147 0.1 S831
£ 2.2 BSDS 2 Edol= A4
Span Length (w/ Hub) 9,000 mm
Blade Root Location 7.50% span
Blade Root Location 675 mm
Blade Length 8,325
Rated Wind Speed 13.3 m/s
Rated Rotor Speed 56.6 rpm
- 12 - f-! -ff,- ]
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X 2.3 BSDS =¥ 3¢ &9 3

Wind Rotor Aerodynamic

Speed Speed Power

(m/s) (RPM) (kW)
2.9 55.5 0.5
3.5 55.5 1.5
4.0 55.5 3.6
4.4 55.5 4.5
4.8 55.5 6.8
5.2 55.6 9.9
5.8 55.6 14.6
6.6 55.7 21.6
7.0 55.7 26.3
7.5 55.8 31.7
8.1 55.9 38.2
8.8 56.0 46.6
9.6 56.1 57.6
10.6 56.3 72.3
11.8 56.4 89.8
12.5 56.5 97.3
13.3 56.6 106.1
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2.5.2. £ F9Y £ d4

2} A A 718 (Vortex Lattice Method) 2 343 ¥ Y 2 (Modified
Semi-empirical method) = °]&3% &% XS H&lA F708 3
o W %5 AN AR(FE A, FY AF, RUE ASF, AAF AR
)7 285t} oo wel, Hd s|Ye 7]ubEia
A ZE9l X-Foill18]% &3t &4 dFF 5 4 ARE T34
}.

I9(2.4), (25)% oFxXRE F7 33t S830 A S831 A F el
da] wgzte] 0xelA 1252 Wzt o 2Ass 43 A5 2 F
g Alg W3 BEXE Jepdid. z27& st 747 8.65x10°
5.09x10°¢] #lo]x =4l dste] AArsgich. wgzto]

JAIF ol AAW, HeolE=2S, A3 FAoF s S831 I 4
$ S830 ¥ wls FY AFv} AHeE Z

}.

X-Foil& o] Y7t2& A3 disjA |4 Azt ef23 ubd, 3
Aol AL FAW e A 7t FHsA] &3 wAEA g, of
o =z}, FB6300-1800, FB5487-1216, FB4286-0802, FB3423-0596,
FB2700-0230 ¥ 57/He] S <3 A /5 WX ARE A3
ste] Z8EQ Fluents: AH$-3tch. 39 A9 oju] F4 35%, 3
AoAe A¢ du A FA 17.5% FB3500-1750 93 & g2
2 35 B2E A¥ES Y dolE[19] 9 sld  Transition
SST(shear stress transition) WdfF E2eo] elgs A5 HgFH7]
ol g i EdS &85 frEdds AP

At



o] x2S 6.6x10°, &7 0594 FB5487-1216, FB4286-0802,
FB3423-0596, FB2700-0230°] W& #F&slid F 34 4 #2999 &
E HERASE 29(2.6),(2.7)9] Ydetdigde. 3o FAR (/o7 55
2] HA9 boundary layer thickness 3Ztel ZF7isiw], W 7] &7)7}

2 EFq " (suction side)olA ©& & Q"L & F Q). §Eo] 43

F97 WEel AR 25F AAF Tk Fae A4L FAL
& slgleh
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AA F%9 13.3m/s 742 £ 10709 5o diste] BSDS 2Ee &

(pressure side) $1'(suction side)°l] ©3
Ao &3},
EYol=5 F 1979 #7+e 2 YFol(strip theory approach) z}7}e]

FHe 599 22902 ARG, & FHe2RE Beol=st A
FHA Wk F8A ANAA AL L AR FFY Fo we
ik,

¥ Sandia Lab 97 3lo] Bushland, TX®l4 Acoustic array 7|} <
2 FYT field test 2H[20]2 &% HAFE< APy 2 AAE 39
221D R} HBoA 29 e rw YW o7 YAe] A&
Tl A A F &5 ZAFolw, 63Hz-2500Hz 7ol W 1/3 &
€} X (one-third-octave)® e} gl e}

A F3 g A A FF9Y & (turbulence ingestion noise)
AA AR A6 det 2A vk F Q7] WEe 2Ap7F T s B
AFoA x££ IFFFEES B Jd{F  2A ¥ (turbulence
length scale) ¥ Y& 7% (turbulence intensity)+ A|@He] A&7 2

¥olo ol AR o] e B FAld T FAE} Dol

A7) wEel 22p7F B £33}, nacelleF-ol HAF 7)otz §3}
L IIAA &&el x3HE ] glo] AdkHl &% dWlo] gy, A
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Abstract

Numerical Investigation of

Aeroacoustic Characteristics of
a Flatback Blade for
Large—-Scale Wind Turbines

Jaehyun Kim
Department of Mechanical and Aerospace Engineering
The Graduate School

Seoul National University

The present work was performed to analyze the aeroacoustic
characteristics of a rotor blade with flatback airfoils for
large-scale wind turbines. Modified semi-empirical model of
Brooks, Pope, Marcolini and semi-empirical model of Lowson
were used for the prediction of airfoil self-noise and turbulent
ingestion noise. Vortex lattice method (VLM) and computational
fluid dynamics (CFD) were used to predict the aerodynamic
properties which are needed to calculate the noise level.
BSDS(Blade System Design Study) 9-meter-long blade with
flatback airfoils of the Sandia Laboratory was used to verify the
aeroacoustic analysis method of wind turbine rotor. The present
method is found to be adequate for predicting aerodynamic noise
of wind turbine rotor. In case of a large—scale wind turbine noise
prediction, the results demonstrate that bluntness vortex shedding

noise of a large—-scale wind turbine blade with flatback airfoil was
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increased when compared with that of a conventional blade in the

low frequency.
Keywords

: Flatback airfoil, Large wind turbine, Aerodynamic noise
Student Number : 2014-20677
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