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Analysis of noise characteristics for near-wall cylindrical airfoil
vertical-axis wind turbines
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(1. School of Energy and Power Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China;
2. Shanghai Key Laboratory of Multiphase Flow and Heat Transfer in Power Engineering, Shanghai 200093, China)

Abstract: Based on the improved delayed detached eddy simulation (IDDES) and the Ffowcs Williams-
Hawkings (FW-H) acoustic analogy method, a numerical study was conducted on the acrodynamic noise
characteristics of a vertical axis wind turbine (VAWT) with a near-wall cylindrical airfoil adopting
active control. The results show that the near-wall cylindrical structure effectively suppressed blade
boundary layer flow separation and significantly reduced pressure fluctuations at monitoring points in

the wake region. As the tip speed ratio increased from 4 = 1.68 to 4 = 3.08, the system dynamic response
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time was significantly shortened from 2.14 s to 1.16 s. At a low tip speed ratio (4 = 1.68), the near-wall

cylindrical airfoil effectively reduces noise in the mid- and low-frequency bands. At a moderate tip

speed ratio (4 = 2.50), a significant full-band noise reduction is achieved, with a maximum reduction of
13.8 dB at monitoring point A at 500 Hz. When the tip speed ratio further increases (4 = 3.08), its

suppression effect on high-frequency noise weakens. Further analysis of the sound field directivity

indicates that at a moderate tip speed ratio (A = 2.50), the near-wall cylindrical airfoil obviously

optimizes the circumferential noise distribution of the VAWT. The sound radiation mechanism exhibits

a transition from monopole-dominated to dipole-dominated as the tip speed ratio increases.

Keywords: vertical-axis wind turbines; noise characteristics; near-wall cylindrical airfoil; flow

separation
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Tab.1 Structural parameters of reference VAWT
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Fig.3 Computational domain and boundary conditions
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Fig. 4 Mesh division of VAWT with near-wall cylindrical
airfoil
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Fig. 5 Distribution of VAWT noise monitoring points

VRIS, IFEREE 10 JURURLTT AN
2 WETERERIRE

21 AmEBEREREFR

IDDES # BUK: 85 UJ 1 J) % iz (shear stress
transport, SST ) 152 Y 1 i 2/ G J7 72 1Y) RANS K FE R
J¥ Ipans i ¥k IDDES 1A KR ppgs:

Iopes = fa(1+ fo)lrans + (1 - fo)lLEs (1)
ILgs = Cpgs4 ()

Irans = Vk/Cpw €

A =min{Cy max [dy, hmax], Amax} 4

2. ]7‘1 =1—tanh(8rq)> WM 0~1 HIIR G PREL, HL
A} 1HF, 54 RANS; HUE N 0BF, N4
LES; fo NI ek [ps IR AL (large-eddy
simulation, LES ) J7 5 K ERE ;. Cpps M7 B iR
#i f1 ( detached-eddy simulation, DES) i9 # 5l 4
B, W0.78; A h it MAS B K R B
Pinax A WA BLICAE 3407 1) BB RSF 5 C, A H
LES f# A I S50 580 dy, 0 S 5ot o 5 3 i
AT R T ) A ERE S

AL T Lighthill A2 H0IE, R FW-H
IR Y. R EL R S a
JUAEHE SRR A AR SRR B T RE L, B AR
1AL F AR LM 2 X3, FW-H J5 BT AR FE A i
25 [ RE AR PR BB S e, PR RS E R
I i Lighthill 728 L #1838 13 205 Navier-Stokes
TR, SEELT R R b 5 R BT AR
FEAIARRE . T 2E LI R

32/)' 292 s T
012

Kb o HIARBKSN B co WA BIAEH; T; 0
Lighthill fi 0 775k 4, RALF N 51 & R AEL AL
PRI, Tij=pujuj—oij+6il(p— po)— cip—po)l, H
e op ATIRER, T 0 RRXSEKAE;
up w SN N xp x5 W B TR 5 oy AR Y
FEPER Tk s po po e BB ) . BREEH T

5 i 18T LA A 08 W o5 7S AR R 1 FW-H 5 FE

10%p _, 0°
=V Ip"H(I = a—[Tin(f)]+
x,-axj

)

co 012

0
E [(oovu +p(uy —vi)o(f)]-
0
I [(Pijn;+pui(uy —vi)o(f)] (6)

K. pANFIE; H(f) N Heaviside %L ; () M
Dirac BRI ; w, N 3 BT R4 18 7 1) 04 I 14
w; N x; 7 R B 5 v, NI T R TH U7 1] 3R
THHEE 3 Py ol N T3k &
2.2 R EEEIAEE SR A

— 7T, VAWT WX EER ok B2 L A Emt H
MK 5 75—, 2 XS R 2 B R A
SR H, FERRMARE L THT, SR T)
A 7™ T L B0 43 B R R 2k i B 75 o X SEsR B E
WA ) FliE R, XFHiatT 21 KX AR
PR R ER ST, WS BB TS Y I



% 414

J MR, A SITRE (B A IR R A X S AL R S 453

S, AT A R R A B L 0SS R 4k i
P50 . VR RTIAEXT VAWT #E47sh M e AT
U R B, i RE R AT 42 3 ) A R0 R 4 R
W&, O, AR SCHR T R A R 0 2 B
PRI . FEAIAI A 0°~90°5 180°~270°Hf, T
BE B AE N 0.3¢ 07 B [0 47 51 BE 3l & 0.1c(1E [a] 3£
BE )L E, 1E 90°~ 180°5 270°~360°H} , T BE R
FEMN 0.1c {7 B ) 22 5T 3 A 8l 28 0.3 (i 1) 3 ) fif
B BRI
VZ{UUV@JP<9<9W
—1/(T/4), 90° < 6 < 180°

180° < 6 < 270°

o o
270° < 6 < 360

T =2njw (8)
Kb VoRBEIRESEhAEREE; TN, o A,
2.3 MIETXMRIEE A E HEIE

SRy T B3 P A% 4 % 23 00 B30 B ADUAE B Y 5 i
T AT A JC MR RAIE . BEBUAREE L 4 = 2.63 fEH
BSUE T 00, 45T WA RRASEZY 4 140 000, 230 000,
280000 1 VAWT BRI 71T, FEXTLL T 3 FhASIH]
RIRE A EE T VAWT XUBERIHI 4L C,, WA 6 i

0.5

- |
. 230 000
0.4 | 8 280 000 0.388 0389
o 03359
ﬁos-
g
o2
= o1l
0
140 000 230 000 280 000
oA RS

6  WAETTKIEIIE

Fig. 6 Grid independence verification

t 6 af g, S FLASE DL 140 000 3 in =
230 000 i, C, APk i 3, AH X i 22 15 2] 7.92%.
SRTMT, Y AR 4k S 1% % 280 000, C, 7R A
JETI /N 2R 0.43%, 3X FRIHAE 230 000 PA% ALEL T,
THE G5 X A% %5 B AR v W B R AIR . BT
I, JEEETHACRF 230 000 MIAS T4

WSL ARSI SR SR E e (% NSy s
DU C, THREE IR 5 S0 [14] B9S2 30 4008k 247 X0
Fo, S53RE 7 B, kBl 18 2 <233 11K
REMLIX ], RS EEEY A BRI, &k
SR ZEART 5%; 4 1>2330f, iTEMHEERRS
PhEfw ey, tb2 5 EEIR T R R R

0410 it
-e LBffive

03F

a

C 02t

0.1F

0

1.6 2.0 2.4 2.8 32 3.6
A
B7 HEESZEEL
Fig.7 Comparison of calculated values with experimental
values

BOHUARARFE . SCHERE RN T B = 4R 2R RN
s pREEN A, HHE ML S SRR
AR — B, FA AR L U W & R 4K
If. ZRERM, AR IDDES/FW-H #4152
RUAE R R S SR R A B B T B

3 SEEES

3.1 EAHBkzh

VAWT JER6 i, S ek it B 28 1 A S £ 485
M 2s 2 I ksl o 3R Tk 2l i /N R e s
FRGH e R DL RS T 1) ) AR AT )
BAR . Y3k 2 e Iy k2 i 2o s S SME RE I
S8 B IR AL R R B e . ik, oA
ANEREL T, VAWT BIEX WA A, B, C,
D 4 NS kaE, 2wl ikahihiZe, by g
PR BRI HE . WA 8 PR .

FR A ] 8 Wil B Hhs vl 0, WS RS AL BT BE
ety ) TR AE AR fL I 2L, WA €. DGl )
ik )y i J3E A2 BE B R0 A /N o R T il 4R B B
2PN 1.68 34 2 3.08 B, A% WE I 5 1R J7 3k 2 A8 8]
OV i B i e B 1) (00 2 ik 20 o ik 22 +10% A2 2SI
VG B (2.14s > 1.16 s) o LB N
S TR HE AL AR o I X R B AR L
(A= 1.68)HF, KREESEAH T (& 8(a) L) AR #
PESR . FEHCIE, MR ARE L (1 =3.08) B, L& i
FUBEWE/IN . A i (& 8(c) b ) SR 1 it sl REFE HK
fnthe fEA=1.68 T.OLF, $REUEIAA B EJ1TEIK
KU (BRIC N N D) JE 0.5 s BT (B = 6y 3 1y
+0.5 s) NI T BOE v S AR o 2%, 3 BE [ A 3R
VAWT( 6.24) # 2 % VAWT( 11.51) & # % ik
45.8%, EPUFHANfL iR 25 #E (& 8(a) T ) Wil 55 KRB
WL Ve EE X s R b (4 = 2.50, 3.08) ,
K 8(b). (c) WITABTBE (1< 0.5 )W A A, BJE



Bl TR A R

2026 4F 5 48 &

454
100 100
w
50 50 &
< < < \
& & & ‘
= B0 B0
=50 =50
i el B —— WA —— W B Wl A B
—_ iC —— WD ——— WA C —— Wl AD —— Wilgc Wil 4D
-100 -100 -100
0 0.5 1.0 1.5 2.0 2.5 0 0.4 0.8 1.2 1.6 0 02 04 06 08 1.0 1.2
]/ ]/ A1) /s
100 100 100
JTREIRIFE 3 VAWT T REIFIFE 3 VAWT v VTHEFIAETEVAWT Y
" s& 0 § " 4
< < <
& ~ & \\ &
= 0 A e YT W el 0 e
| ‘ o A = =
-50 =50
A B Wl A B
~100 ~100 e sic W 25D —100 L — W C —— WD
0.5 1.5 2.0 0 0.4 0.8 1.2 1.6 0 02 04 06 08 1.0 12
Hifa)/s G EI 1) /s
(a) 1=1.68 (b)1=2.50 (c) 1=3.08

8 ARENFAEREURRES S
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Fig. 9 Variation of noise sound pressure levels at different monitoring points under different tip speed ratios
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