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Fig. 3 Variation of outlet pressure and velocity around

the airfoil with grid density

3 BEARE

A S S AU T 1k SR B RIS 3 5 4 W i 1
FHA BN LES B WAS F R Iy B 2 i 3 K
JIHLI S S W B AR R R
D] I M 7 2R R T FW-H 75 268 e 7 6 10 Z2 %
VUK F IR A ) Farassat 1A A,

3.1 LES 7k

LES"* 1 56 7 F g U ok 850K B 5 30 2h 4% 1 4
a3 R ORI A /N RUBE T 5 B 5 FH S A I g A5 72
(SGS iR ks /MR 5 KR ERPCR,
STl A TR R AL

7=t (D
P

) FH 8 U pR 0T € Navier-Stokes J7 f2H" 5

AR 3] LES J7 3 78 A 0] R 4 3t 4R o iy 42 o1 O i
o, o
a dx;

(pu,)=0 (2)

9;)LNL;+3([Z);L,-LYJ-)+9(15(SU):9&”7@
dz; dx, dz,

(3
f)[ f)x»

X o WIMRE I u;, WAE 2, Jrm LEE, p
KA E T 0, RN 5K & Ty AR N T
KA Smagorinsky-Lilly B J5 2 X SGS #& 7l

BEATSRA  FE Ok B2 2 R

pm=pL |5 (4
Horb s =255, oL IR A K
L, =min(kd,C,V'?) (5)

Kk HE R d IR B RETH R IR L, C, TR
T8 BV ORI R IT IR,
3.2 EFEEEITE
T 3 75 e 5 R AR AR IR T AR B A Y X
P o] DL FW-H 81534 2045 213 3 g, i
ST — T R 2 S E O Y SE R Ry e, FW-
H K& H Ffowes 255 #2£ A9, LA Lighthill 7
TR NI, 5] A Heaviside |~ X R ER
(1 (fla.o=0
H(f)= i (6)
0 (flx,)<0)
fCos =0 ¥R T, CAESW TR
D5 FEAG B SR i Sk 5 A RN Bl A AR
9[pH(f')]+3[,0u,-H(f)]:Poul H
It dx, dx;

IpuH(HT I Couu; +p; YH( ] IH
+ —piu
at axi

"ax,
8
W (7,10 Lighthill 75 #& . 453 2] 47 T 42 1 1 LA
SN 55 B P AL FE T AR B FW-H J57 2
[1 29 J

R a2 )p/(l"l):jt[povnf?(f) 1—

9

P) 52
Txi[pn,ﬂa(f) ]+W[H(f)n ]

T, =puu;,—o;+(p' —c0)d, (10)

SRl ¢ T U Ty 4 8 e D =

) o (f=0) - v .
a<f>,a<f>:{ Bk BT R B T, W

0 (f70)

Lighthill ji i b 715K &, H (f) & Heaviside |~ X
PR, AU AR — U B R S O (A
TR IO TR R . X TR AL Bl
P o BT 1 A A M 7 = e i O A 1
i H 7 B 200, L Farassat™ % FW-H J5 2 oF
A7 187 A AR HIMS PR R B 25 Y T Farassat 1A A5,
Farassat 1A 72\ 22 4 $A [ 42 3 T 7 K 25 bk 450 i i
Tizghif FW-H J5 f i Hob — gl i 00 T H
TR W P R A3 A7 R T DO R MR S A2 )
Z W Farassat 1A 202 BV B W 75 300 RN 2% A £H 5

Y R 20 0

y _ 1 v,
pT(I’Z)_ZLT( f‘J()[ r (17M1)Z ]MPOdS+
‘ an

i | [U"(rM”ﬁo(Mr—MZ))

ix P (1—M,)’ J ovas



1146 it & A

¥ F R

Ea1%

Pien= J [W]ds+

f=0

ij L,.(r]\'/Ir—l—co(M,.—Mz))

47rf:0[ cor’ (1—=M,)’ ]mdS+
LJ L,*LM

4 [ r2(1fM,)2]n,,dS (12

=0

£ L, =L,r..L,=L,r,,Ly=L,M,,L,=pI,
aM, =M, r, .M, =M, r.. ret HEEH M ,x HW
M I BLE e R BALHRGT 1 5E  f, e R
SUEDULEE S IR RS M, Sy & S B 2R AE SR 6 O 1) |
LB i 1 RN e R B 5K A LA ) S ) 4
3.3 HETERZE

XT3 Y 45 il T FR % 3 [8) 3R FH Ik 2 e g oK g
#r Fl SIMPLEC # Ji& 4% X, 52 = 05 R I =B
MUSCL #8 i A7 H A4, B 8 A 32k LU-SGS B
A, IR AN L ) R 55 2 B
BETAESS N A 52 Y Intel Xeon Gold 5320
CPU(2. 20 GHz) fl 512G DDR4 RAM P 7 I
Pt BEAL, — A THIT R 1,

4 IHEERMON

4.1 RFERSWH

BEGTTOHE 1A BE AT — R A S A6 o R (B K e
W =R 5T B NACA64,418 3 8 8UF #9 0
Y1 RE T RGEBRS TAERE T2 5000 MFEAS, i
SER AR T R CL BT BB Co AT
FLB AR 2, XF L5 S5m0, Jon e v b 65 38 408 145 5
1 T+ 1 ZBCR T BE X6 58 T 5 ELIB AR 4 35 40 145
T = MaEsi g, Mk I, & 2 450 7w
ol e A7 4001 ¢ TG 9 k7 366 o L AR AR b 3R 1 S 49 (i |
AR A BRTY B A B A O i KB 2 8Os AR
T = ARSI O, S D DR R [ 405 3 0 D AL S ) it
/N S B A Tt o e A5 T A L = A
A R U A R T BEL ) A BT

k2 FEHEETHAFT N FH
Tab.2 Aerodynamic coefficient under

different serrations

Je e v SRR 7 ffy 44 5 Ty

B3 BRUGIE ARG LA R
Cy 0.9115 1.0163 1. 0229 11.86% 4
Cp 0. 00851 0.00941 0. 00936 10.41% A
CL/Cp 107. 109 108.117 109. 340 1.51% 4

A AR LR I A R (B A 4 R R D B R G R
T X 7 [) ff) B[] P 3 0B 3 %) 1 an &1 4 FT o, AT
DL L 7E NACAG64, 418 3R | 22 4% [0 £ 185 3 4
YA B = A R A 1 1 i A A B A S A X
FOnFRE .

X Velocity S -

-404812162024
(a) SAERFERL

T ————— T
X 'Velocity mmmmmsmmy v
-404812162024

(b) P FBIAE IR AL
4 NACA64;418 FA X J5 [a] B ¥4 3K J 3

Fig. 4 Time-average velocity field in X-direction
over NACAG643418 airfoild

TEFEPIAS 2 BT o) AL BRI b B (X =
1. 05 m) il 5 145 2% o 1) — A 0 R (X =
L2 m) b AT i sh 7 . 5 o8 Y O [l ip 8
M 75 P 0 B A B A R A A R R AR A
SRR R U S AL A T 0 B 3 A A D S
S T 3 0 4 3 T S O R T N A A R A AR
1 b T 33X — IS AT LA R ik T RE ) R R
AR . R Bz B B ST L IE + #R AR A R
7 R ZUA b TR B — RS b 5 i 2
£ R R e 1 N R 1 e Rt Ao i DO I o TR N
T AR [ A AR LI 1A R AL Bl i R A X
V2% .

6 25 T Z J5 N R AL T LA
HY T RS O A A7 1, S BOUR 1) R 305 AR TR
PSRN i 5 B2 AT s . R UR Shad A b A A 1)
B F % R e U iR R 52 T R B 5 T O DX O MR R
B T U SCOE IR B 308 i B T 160 3T 2l L G R ) Y
& WAL 3l CRE € DX 30 A1) 20 A9 37 5K 3L 3l (40 & X
300 ¥ 53 4 A T TE 7R BB 1A 3 T A S R s el R
G0 V1) 555 A 408 R A7 2 18] A i I 5 R R B R 0
[ B PN ) i O e . R 6P L X =1.2 m &b
Yy, A A5 38R AT DL A 2085 A E] B AL Y T
i



%6 B E RN R AR AS G RERIEN R EFR 1147

A4 AF A0 AJ
X=1.05m X=12m z
EE T 7 T .

Y-Velocity -1.0-0.8-0.6-0.4-0.20.0 0.2 0.4 0.6 0.8 1.0
() ZABREERT N RESE

Ad LF A A Y
Y
X=1.05m z X=12m
[ [ D [ T

7-Velocity -1.0-0.8-0.6-0.4-0.20.0 0.2 0.4 0.6 0.8 1.0
(b) E R SR T T B 39 BB S
5 RN EESE VT Y O 16 B 2 S 5 R

Fig. 5 Time-average velocity section profile in Y-direction
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Fig. 6 Time average velocity slice diagram in Z- direction
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Numerical study of novel multi-flapped-serration noise
reduction mechanism of wind turbine airfoil

YANG Xin-gang', ZHANG Ya-jun', SONG Bo-yang ?, XU Li*?, BIAN Xiao-yan®
(1. Electric Power Research Institute of State Grid Shanghai Municipal Electric Power Company,Shanghai 200437 ,China;
2. College of Mathematics and Physics,Shanghai University of Electric Power, Shanghai 201306, China;
3. College of Power Engineering,Shanghai University of Electric Power, Shanghai 200090, China)

Abstract; The application of trailing-edge serrated components to reduce turbulent boundary-layer
trailing-edge noise is an effective way to reduce wind turbine blade noise. In the paper, the noise
reduction mechanism of a novel multi-flapped-serration with curved shape designed on NACA64,418
wind turbine airfoil is numerically studied. Large eddy simulation (LES) is employed to calculate the
flow field of baseline airfoil and trailing-edge serrated airfoil with incoming wind speed of 20 m/s and 5°
angle of attack. The aero-acoustic response near the trailing edge is analyzed based on FW-H acoustic
analogy method. The results reveal that compared with airfoil without serration, airfoils with curved-
shape and triangular multi-flapped-serrations can effectively optimize airfoil aerodynamic layout, and
improve lift-drag ratio and lift with appropriate design parameters, where multi-flapped-serration with
curved shape can obtain the better aerodynamic performance than triangular multi-flapped-
serration. After the flap angle serration changes the trailing edge flow field, the horseshoe vortices at the
serrated trailing edge flow field without flap angles are mixed into a single vortex,resulting in a positive
impact on the suppression of medium and high frequency noise. Meanwhile, the noise reduction effect of
multi-flapped-serration with curved shape proposed here is better than that of triangular multi-flapped-

serration.

Key words: wind turbine airfoil; turbulence boundary-layer noise; trailing-edge serration; multi-flapped-

serration;large-eddy-simulation



