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Study on Dynamic Stall Characteristics of Vertical Axis Wind Turbines
based on 3-Points Method

WU Jingyi, SHI Lei, ZHU Xiaocheng
(School of Mechanical Engineering, Shanghai Jiao Tong University ,Shanghai, China, Post Code: 200240)

Abstract: Aiming at the inherent unsteady flow characteristics of vertical axis wind turbine ( VAWT)
and the problem of dynamic stall at small tip speed ratio, the flow field of VAWT was numerically simula-
ted based on 3-points method, and the aerodynamic parameters such as effective angle of attack, lift and
drag coefficients at different circumferential positions of VAWT at tip speed ratios of 3.35, 2.65, 2.25
and 1.85 were analyzed, and compared with the effective angles of attack obtained by nominal angle of
attack and by multiple streamtube theory. The results show that the blade load changes periodically dur-
ing the rotation of VAWT. The 3-points method can successfully extract the effective angle of attack of
blades in different circumferential directions. The phase angle of dynamic stall onset is between 80° and
105°. With the decrease of tip speed ratio, the stall is advanced, the effective angle of attack and lift co-
efficient increase, the drag coefficient increases and the lift-drag ratio decreases. When the small tip
speed ratio A is 1. 85, the flow separation will occur on the blade surface in the nearest circumferential
direction, forming a large-scale vortex structure, and the effective angle of attack curve will be convex a-
round 120°; the blade will be affected by the shedding vortex of the upstream wake at the downstream,
the lift and drag coefficients of the blade show more complex hysteresis effects, and the range of the aero-

dynamic coefficient hysteresis loop is larger.

Wi EHHA:2024 06 - 12; 1&1THHEA:2024 -07 - 12
TEEBN R L (1999 - ) , 2, Bl sg il R i A:.



- 122 - M BE

8 o T

2025 4

Key words: vertical axis wind turbine ( VAWT) , dynamic stall, effective angle of attack , 3-points method

51

il

RS — R fifi i 2 TS e T T RE R
RIHUERBEFI Y B B 2 — 1 AR 4% 4 5
It 7 ] BN 6] AT 3 SR KPR R AL (HAWT ) Al
ERXIHL(VAWT) o 548 58 19 7K F- b KU LA
L, 3 12l AT ATLR IR AN R PR ok T 5 2 D A
B B A R ALY 8 S R e (R,
Tt R AR B MR P /0, K W AL 22 2 T
1T SR, 3 R R AL R AR
IR EA AR R S R BUL R SRR L,
I T (AOA ) Bl ] ) 437 B %) S ) 22 S B Pk AR 4k
Gyl B B ah A0, SR A S T80 F i
BB BRI R LA F i e e i 2
PRI e A IR X 2 R B 2 A= AR A T 5 | % 3k 3l 43
BRI A T R R R (A T A XU PR
X EmE 7,

TESSRBUGEOLT T+ B 5 B Z 8] Y 56
R T RS R 0 R, e Fr
ETRIE NN A E L R o AN S A P X VL
W 290 USRS Jr T B, 43 B 1 %
WL Bh 25 2 R, TR BB WS J7 T, Striek-
land "' $2& H SO A A5 R, 4 A7 7 L5 XU ALK S 3l
Bk B R % SRS A L B 520, Paraschivoiu' ' B
HET WELZ WA S A I s e 2 L X
Darrieus %3 B3 XU AL S sh PEBESEAT T 488 M
BT, o A AN ORI S 4R A i R
FEFIFE A Leishman-Beddoes ( LB) Bl 75 2¢ SR # | %)
ANTR) B RIS B 1 W28 A Bl XU ML S P R
HEAT T T

KT AN LR 5T, K2 L h et
A R SR B PLR B 2 < 8h )2 b R
BRI HUBE SR, it ] 8 23 52 B 3 28 3 LA K
F - R A AR TR Soma SOk [ 12 ]38 5 40 BE
FREPRL T EHZ I (PIV ) SEER AN [F] AR 53 LE T B9
T FLRUXI AL B S EGHE T I o, JF 256 B R

SERLATHT T LR AL A e SRR STk [ 13 ]
K LA 4 BT T AS [R) 56 3 BORN 9 38 L X i
TR A B S, Keisar 28 A i ok A 9% 2F
728 Ll RN 3R Y JEE R 4 T LAn] 806 3 B XU LA TR
S5 SRR B R b AR i R AR 3 2 2k iy .
TARGE (AT 2% 0, BI04 A5 - 4045 2 5 2 28
PV

TEBE BT 2T 7 i, Li 25 00 R AR e & -
& BRI SST k- w I A B HEATHUERU, 734 1
B ELAXU LM R 3R T B R Y R
4T 5 LI BHR AT T X, Rezaeihas A%
PR A & R (SAS) J5 i, o0 B 1 2 Bk KU
BUME R e A= JE 2 T 3l 0 B 0 3l 285 0% Y &2 A
BhZER . Tbrahim % A7 R FH 4 8 % B T2
Navier-Stokes ( URANS) J5 ik 43 # T F sh il 5t )2 4%
AR 45 R R WITEAR I SR8 L T 00 T SR W s 35
R EL X AL LR I R B XU B Y B 2
RPCE W, RERSEN T SST k - w IDDES
(Improved Delayed Detached Eddy Simulation ) Jifi i f
RUEEAAIEIE T WO I A5 SR It 410 ) 2 2 XU L
AR, & B0 3 Bl sh 4 i 5 1 T e R
TIPS AR TR R Il T T
HA PR R EL, Dave 25 AR KR I
XT3 A T T R XU BB I SRR s AT T
BRI ST, 30 2ok 2l ) 8 S 90k U 5 41
FEUE(E XS 55, 4 T e EL R XU LT

DR ENES S T A= WL N g E [ BAE
WABNRE LR 2R 1 R A5 ), 28] JE 1) 5 or
TR SRS 2R 4 SLCBUR A SRR
WIS B2 T RS 0 BRI R . A SRR
e {1 A XU LA B9 EE & WU sh Rt LA R AFTERY 3
IR AN % 2 E i X T WL T A T AR EAR AL
i I = RO R A [ [ 7 Ak B A R
It 548 LKA B 220 8 R4S B A R0 AR R AT X
L, 25 BRI LT 2 B0 R BL R 7E A [ )]
] o B 9 T BH) R BB R A 2 L
RIIHL R 0 B 25 5 SHURFAE



1M

=0

~y

&5 T = R B A X PLEh 2 R BRI - 123 -

Y

1 RIS

e R UAR R, VO S P VORI IR 2
1o KA A

1.1 JLAS#

ARICSHE IR [ 20 ] B WU 52 50 A5 R T B
WHE B2 B XU LT 25, 3k 1 Bos it 2
N NACA 0021 381258100 0°,

®1 EHEHRAVILASH
Tab. 1 Geometric parameters of VAWT

TR 25 i A B U AR AT

JIRCIE 214 o
W4 HEZE D/mm 1030
MR H/mm 1456.4
R KN 3
5% ¢/ mm 85.8
SRR 0.5¢
S o 0.25

1.2 SHsH

2R Y A % 30 2 LA S i B
K E XN

A=% (1)
SRV, — P R 5 o R £ R B 5 r— KL
(R

TF1 %k ¢, MBS &%k ¢, T FHe Ak 1o
SEHVERE, AN SN

FL

C, = — 2
" 1/2pWHe (2)
F
Cy= o (3)
1/2pW~"Hc

A p—2 U F —TH 15 Fy—B s W—AA R
HEE,

NEZHC, e NI PLIERER) RS HL, E
SO

c, = Yo (4)
1/2pDHV,
S O

L1 S A0 XU LRSS S 1T 4] 40 R R T 22
TAEEAR Y K R, 0 R HLIE T
AR Ff , BEBR R IR B 0 = 0°, % 0° < 6 < 180°
A A XU AL B FEIX IR, 180° < 6 < 360° 43 F 4
KAPLUT WX, V,, 2 H R, A, A, F
Ay 3 R ASTRIAT Ak 35 3h B R AR, @ A1 o’ 3
Vil k1 5 N B Y 7o A v e e R A o S

V=aV, (5)
V.= (2a-1)V, (6)
Vi=a'V, =a"(Qa-1)V,, (7)
V= (24 —1)(2a-1) V., (8)
Y
Vwi Pl B
— ~
RN R
'I \(:\f “
1 / % !
T
(a) AR REHEHFIX
— A, — 4,
pu— ~
= S M
*R_’ -
—» N
V. v v v v

Bl EEHANDINEESRENS 2@
Fig. 1 Schematic diagrams of dividing double-disk multiple
streamtubes of VAWT!*"]

AT JE ) 57 B 52 1 e T A 2 R «
Mo 7350 0 b R W R A, W, FAW,,,, a3 R
bR ARR S F i ), F O gy, A
2 AT UK B, M B JR B TSR R B g B
[ 07 5 s, S R M AR

WRYEEEE = A8 AR RIAIOL A T i 44 LI
(5 S

o = L0 1()\ i”lisa) )
i 2 WA TR A SR R R

sinf
Qpys = tan”! (al)/r R cos@J (10)

Forp BV BT R SR, 2 T
[6] 175 5 AL R



. 124 - #Moofe

3 o TR

2025 4

ARRRRRENY

B2 EHEWXANMAARAMLTZASTREE
Fig. 2 Schematic diagram of force analysis of VAWT

blades in different orientations

2 WIRAE

2.1 HEEBAZE

AR SCAE % T R T AL A STk T R A
SCHERT, R IR 34y, HEAT AR EUE B AT
TFS BT SIS 00 e L B0 PN 8 1) T Sk, 00 2%
PHEEWME 3 FR,

15D , 25D

)
(=¥

XHFRIL S

8D

T 1.,

N
oy
M=)
[ /
Y
| o
OEESH

IEY

ST

XHFRInS

=
]

B3 HEESMLRZGRE

Fig. 3 Computational domain and boundary condition setting
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Fig. 5 Schematic diagrams of effective angles of

attack extracted by 3-points method
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R Ops/(°)  aps/(°) Cins Cons  Cips/Cyps
3.35 105.0 9.990 1.125 0.045 25.0
2.65 99.0 14.150 1.401 0.070 20.0
2.25 88.0 17.010 1.569 0.120 13.1
1.85 80.5 19.588 1.707 0.368 4.6
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