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Numerical Simulation Study on the Influence of Vertical Wind Veering of
Horizontal Wind on Wind Turbine Loads
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Abstract As one of the renewable energy sources, wind power has gradually become one of the impor-
tant supports for China to achieve the carbon peaking and carbon neutrality goals, and offshore wind tur-
bine is often affected by extreme wind conditions such as typhoons. In this paper, the numerical simula-
tion study on the influence of vertical wind veering of horizontal wind on wind turbine caused by typhoon
is carried out. The computational fluid dynamics (CFD) model without wind veering and the model con-
sidering wind shear are established respectively. The simulation results show that the vertical wind shear
in the horizontal wind not only causes asymmetry in the wake but also enhances the wake effects of the
wind turbine. At the same time, wind veering has obvious influence on the base load of wind turbine,

which leads to the increase or decrease of force and moment in all directions.
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Fig. 2 Computational domain of CFD simulation
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Table 1 Sensitivity analysis of mesh size
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Fig.4 Comparative verification of wind pressure coefficient
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Fig. 5 Computational domain of CFD simulation with wind veering
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Fig. 9 Wind pressure contour of the case without wind veering (unit: Pa
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Fig. 10 Wind pressure contour of the case with wind veering (unit: Pa)

XF TR R XU A TR AR A LR
B IR RT3 LX) A B0 A ek KUAIL A R 3R T Y
DR A JCAE RS WL o AR AR B (L s A7 AN ]
sULDARITE=S N v R A= I SV e AR P R

it — 20 1 LK - UG A 1] X2 36 RUATL Y
SR BT PR 00 B RUHILRE JEE A 1 20, 45 2R
e 2 Pras. NEE R AT DL P KA X ) B A% Xof
SR AT 1] 1Y 1 07 FE XA A [ R BE 5 . iR
T R Ty ) b Xt B9 R Ay T ) X ) e
K T 1) JRGE 7348 Dk /D o S BT A XD AR AR R Y
E, /NTIRI AR F, KT T X728 A8 A
Hrp F, A8k B T 1710 29 % 4 TE RD)AE 1y
F . AR EAR 22 AN K AES T 75 1] AR O Xt 2
WUHLHT R BT B 75 2 E R Y.

IR SF X DR 1] 70 728 X A B0 B X T IR
T A BRFE R 1] LU B D) 8 4 R Y i 2
M, W] 3G Sy T XY R AR R Y AL I AL



5 439

BARE 5 45 < KT XU 3 XL A8 6T IR TS LA 48 el ) BT AR LT 95

M. A —E R BB R M AR R A A T D
ZA AT\ RO RA NS N o (NI W o R N
S s 2K DR T X)) DXL D L JE A 287
T (19728 A ROTE 1) 38 R sl /N Y B2 i A KU HL DL £
RGBT I A L 1 5

x2 BEREHIER

Table 2 Comparison of base load

SR T AT A2 A5 #Y A A A A ALE 53 1
F, 243. 28 kN 216. 14 kN —11.15%
F, —4.04 kN —10. 96 kN 171.29%
F. 11.29 kN —12.14 kN —207.52%
M, 283.16 kN.m 575.92 kN.m 103.39%
M, 15596.94 kN-m 13 903.07 kN-m  —10.86%
M, —13.54 kN.m —34.12 kN.m 151.99%
3 &g

ARSCITRE T 5 WG] 7K 7 KR 3 B X ) D)
A% RT3 LAY 52 W F 5. 20 S S T T AU A% 5
LKA KD AE 5% i () CFD A5 Y, 3 i 530 (i 4 40 T
BV 750 Hr A3 B LR 458

(1) 7K1 XU B 2 X i) 910 28 %o XL L Y B O A
IR A=00- A  E IR 7 AN e AWV IN=0D =3 W |
X AR [ s XU A 2 (45 XU T AL B R 3 A8 oz 3
5if o PRI 7 XL R 37 R U S8 ) BE S v RT LA 2
JE K IRV e B A1) V) AR 4 B2 .

(2) K XA 2 LA Tm) b B D) 728 X6 XL B i ¢
T DX A B 5 Wi 3% AT 3 T A XU TR 2 A 72 46
BTN =Rt o o 1 T O WA 5 o (R R B i
IR AT T LX) 4 A X i R 2 T A KU
A LR A A .

(30 7K1 XU B IR ] 1) 72 3of 268 T 4% A4 T[] 1) 7
NHEA AR R LR EEER ) F, JER
B M, A—ERERIE R, F, R M, A
NN Y 2 SO i I S D R L = AN R 7 'S
51 1) 5 JER AT 28 19 78 Ak 38 I AE KBL BT 5 KL BE 3
(G ED S

AR SCEA BT B KUY ] X T B R i S T
I 2 55 e 3 L (H R 52 PR A 0 v — 28 KU BIL AT fiE
ES R A S T NS W = N S A o o
SRRV AT B R P B E 2 A T
DLHEAT RS EE o A5 21 X T B4y 280 A 119 22 Al B
.

£ % Uk

[1]

[2]

[4]

[6]

7]

(8]

o [ 4R XURE K PH A B TRV AL pe . o I RURE B
TR TR MIFA[T]. XUBE. 2011.8: 26— 30.
B KL UBLEE 2R KGR T 4o BT DL BTN - #A
LR, 2010: 3—4.

CHN W F. Analysis of wind and wave loads off-
shore wind turbine towers [DJ]. Hangzhou: Zhe-
jiang University, 2010:3—4. [3] F 54, KK
H. WAE B XALZE SR & KT M R =2 8K 5 X
W BHELAHFEREGMRRIT] PETERE,
2010, 12(11): 32—34.

WANG ] Q, CHEN Z Q. Analysis of risks and
measures on the blade damage of offshore wind tur-
bine during strong typhoons: enlightenment from
Red Bay wind farm []].
2010, 12(11): 32—34. (in Chinese)

FEWR, T, R, F KRB R A AL A
PRI 5 HrT]. WA SR H . 2021, 41
(4): 253—258.

WANG B T, WANG Y N, ZHENG T, et al. Vi-

Engineering Sciences.

bration test and analysis of large-scale wind turbine
generator blades [J]. Noise and Vibration Control,
2021, 41(4): 253—258. (in Chinese)

TRER A, AR —WRIRES KT XU AR B N RO AR
SHLI]. A&, 2007, 33(2): 10—14.

ZHANG Y C, HUANG F. Analysis of a small-
scale low level horizontal wind shear process over
Qingdao Airport [ ] .
2007, 33(2): 10—14. (in Chinese)

SHU Z R, L1 Q S, HE Y C, et al. Observational

Meteorological Monthly,

study of veering wind by Doppler wind profiler and
surface weather station [J]. Journal of Wind Engi-
neering and Industrial Aerodynamics, 2018, 178
18—25.

AT, sk Mg, AL, S RU)AR T B R AR A
REGKPH R HL S HERE 2w [T, HEFE LA
TR, 2021, 39(2): 144—150.

YANG C X, ZHANG ] M, WANG Y, et al. Effect
of tower shadow effect on aerodynamic performance
of large horizontal-axis wind turbine under wind
shear [J]. Journal of Drainage and Irrigation Ma-
chinery Engineering, 2021, 39(2): 144 —150. (in
Chinese)

FRATE, BRI, WL Y] AR T S N Y S R
L] BRI, 2019(30) : 35—37.



96 g o o 5 E M o M 2025 45 23 &
(9] BEWmg. e, Fum. 55 KA Kbl i namics, 2022, 227: 105056.
it Wi AR S W B AT SE LT ] LB LR 224k, 2016, 52 (121 e NRICAIEAE B R & gt &0, S 45 4 ff 3
(16): 149—155. HLYE . GB 500092012 [S]. bt v # 35 Tlk
HOU Y L, WANG ] W, WANG Q. et al. Effect of A, 2012,
wind shear on the wake turbulence characteristics of Ministry of Housing and Urban-Rural Development
the wind turbine [ J]. Journal of Mechanical Engi- of the People’s Republic of China. Load code for the
neering, 2016, 52(16): 149—155. (in Chinese) design of building structures: GB 50009—2012 [S].
(107 FRBEHT, FEMT. i fic A0 KA T KU AL 3l 4% 1 1 Beijing: China Architecture & Building Press,
WrFEl)]. KFHBEA=4R. 2015, 36(5): 1105—1111. 2012. (in Chinese)
CHEN X M, KANG S. Research on wind turbine [13]  AChk, frtdas, e, SORIE LRI PR A
aerodynamic characteristics under yaw and shear FPEREXT LA FE ()], Fefh gty , 2016, 33(3): 13—
[J]. Acta Energiae Solaris Sinica, 2015, 36 (5): 19.
1105—1111. (in Chinese) YUW L, KE ST, YU W. Contrast research of
[11] LU B, LI Q S. Investigation of the effects of wind aerodynamic performances for typical megawatt

veering and low-level jet on wind loads of super
high-rise buildings by large eddy simulations []].

Journal of Wind Engineering and Industrial Aerody-

wind turbine towers [J]. Special Structures, 2016,

33(3): 13—19. (in Chinese)



