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Tab.1 Sandstorm strength criteria for the classification

i WElRI A R XGE/ (mes™")  fe/NBEWLJE /m
FoR(=104%) =25 <50
H(=84%) =20 <200
1(6-84%) =17 200-500
55 (4-69¢) =10 500-1000

1.2 FiraliiEsEsy

UhoRL wp it 2R 7 HL 2 T Ak AR IR A Bl S E
A SR vl T R SR A T RERE R E] . 2T TR
GV TR T 2 YR vh i ot R R R R
KA LB G N Ch V kL S 4 A 1) R AR R
AR S T A ORI R S A S R o A Y
B —E, e M

j;f(f)dﬁj;”‘mdv:o (1)
b f(O R BEA VR Ty R a5 B N ol
VIRLE R B
YL AE BT[] P9 X SR R s o F(o) R

F(r):% ;f(z)dt: 2”;”‘ (2)
B4 o KT ALY VbR 3 UE 1R BR AR, )
omo, 1
F(r)= n:-v :E,mrl)pv\. (3)

T YR E A4S D, 7E 1 mm & LR $8 o i K SF
IR T EE A X B K, ALK IR AL T AT A Sk T R RSP
T Tl AR F ) o R

sm\® 1 1
r—1.47 (4711) |l (4)
o3 r
IVR
n—-—— (5)
3x(k 1+ k)

Kb m BRI B, o WIRE REL,R BT
KLRLAS & B IUE 5 V0 RE X AILRE R A G o

D) s % 235 440 1 oo ok O TR A A
F(r):%pn’D;v\ (6)

1.3 RE#Hit&

Kpr 2 B R =R
FW: (/WIOZV;;S (7)
Kb CoAIERFEYRERE o hEREE A
SCHE TR B 1.225 kg/m®; V., b S % Ak
(7S SR S AL THEB 5 B 159.8 m) 3t [if 75 4 ~F 149 X
T3S SR B X e A,

2 HEHRM
2.1 TREE

K2/ M TR MM RKEA EHAERS
MW _E XU K Al = b e KU BL = 5 A 1 i &
B AR R T ] v B SR Ry R SR R A A THRE
J& 40 mm, JiE BEJE 90 mm ; M F 0/ o8 5°, 1 H XL
25 m/s, £ M Fr 22 ] i 120°92 £7 , U5 J8 10 24 40 43 A1
iR 60 m, W EE A5 i 3R T Y T 2 S A
e 3PR AL R ST R 18 m X6 m X 6 m, 43 4l Xt i
K5 R . AR L RS AU R T S
it AL S5 AR A 38 5 A 2R is BB R B X T AL
YRR A

R2 SMWRAXRBEMEREZSHIIR

Tab.2 List of major parameters of SMW wind turbine

system
IR U T
P B /m 124.0
BT /m 3.0
BRE/m 3.5
TR B /mm 90
PR EE /mm 200
R K EE/m 60
HLAE R ~F/m 18X 6X6

BI R/ (mes™) 25.0
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Tab.3 List of wind turbine blade parameters

/% WHE/m K /mo AWAMA/C) MEREREM/C) ME/ % WRE/m K /m ARM/C) R/
5 3 2.9 0.823 37.14 55 33 1.95 0.169 —0.293
10 6 3.66 0.64 26.672 60 36 1.75 0.156 —1.072
15 9 4.41 0.507 19.069 65 39 1.58 0.144 —1.736
20 12 4.56 0.414 13.692 70 42 1.42 0.134 —2.31
25 15 4.25 0.346 9.83 75 45 1.27 0.125 —2.81
30 18 3.91 0.296 6.976 80 48 1.12 0.118 —3.25
35 21 3.59 0.258 4.802 85 51 0.98 0.111 —3.64
40 24 3.05 0.229 3.103 90 54 0.83 0.105 —3.987
45 27 2.63 0.205 1.742 95 57 0.69 0.099 —4.299
50 30 2.29 0.186 0.63 100 60 0.54 0.095 —4.58

(a) Ti1
(a) Working condition 1

(b) L2
(b) Working condition 2
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(e) Working condition 5
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(f) Working condition 6
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The diagram of single cycle rotation of blade
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(h) Working condition 8
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Tab.4 Mesh quality and windward pressure coefficient

under different mesh schemes
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105 0.11 0.96 1.1
- 500 0.35 0.85 0.96
= 700 0.48 0.80 0.91
L 840 0.59 0.75 0.85
T 1100 0.61 0.73 0.83
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Fig.2 Schematic diagram of computational domain and densified mesh
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Fig.4 The comparison of the results for numerical simula-

EVAES ¢
|

tion and standard curve

TS HIEEY G R BI44 W T 8 T O T4
2830 m = LR A TR S R RO AT RS T
H IR 28 K003 A b A B AR L 5 T 23 B 0 T £
JEE 5 R T — e, KR R DX R AR HOR
{E W) 5 B, AR T KUK BT 28 B30 R T AL AL,
P SRS E T X7 BB AU B A A

2.3 ihRnd TR

K (6) 2 BIEAT 8 Fh T8 T KA HLIE 42 i
RV BT B 56 43 4h T A B ARV
Bo HEATHE K HUAS [0 R 70 ff 2840 A6 2 B
[ A A, b T b oy 800 It o B8 38 S i/ I
BT W 117y 28 i v 85 348 o 2/ 18 n s 980, HLAE
T 5(60°) 38 B4R KAE 5 i B 1 70 17 48 B e B i /)
R VNEE N



%34 %

1 2 3 4 5 6 71 8
Tm
KI5 R BLI R vb i 2om B

Fig.5 Comparison curves of equivalent pressure in typical

meridian of blades
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Fig.6 Comparison curves of equivalent pressure in typical

meridian of wind turbine tower
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Tab.5 Eigenvalue table of wind and sand load on different height from conditions 1 to 8

A
9
1 2 3 4 5 6 7 8
(0.00-0.05)H 21.38 20.35 22.70 21.43 22.78 23.70 21.02 21.66
(0.05-0.15)H 1.50 1.91 1.54 1.73 1.28 1.74 1.14 1.00
(0.15-0.25)H 1.67 1.43 1.55 1.23 0.92 1.45 1.37 1.46
(0.25-0.35)H 0.97 1.49 1.11 1.16 1.01 1.06 1.05 1.20
(0.35-0.45)H 1.14 1.16 0.83 1.21 1.40 0.82 1.34 0.82
(0.45-0.55)H 0.69 0.96 1.19 0.86 1.30 0.68 1.00 1.10
(0.55-0.65)H. 0.39 0.99 0.99 0.88 0.89 1.13 0.86 0.73
(0.65-0.75)H 0.12 0.89 0.81 0.87 1.01 0.82 0.91 0.71
(0.75-0.85)H 0.03 0.79 0.57 0.66 0.60 0.79 0.80 0.57
(0.85-0.95)H 0.06 0.34 0.74 0.63 0.69 0.63 0.87 0.59
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Fig.7 Comparison curve of wind pressure coefficient of the typical section of wind turbine tower
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Fig.9 Comparison curves of equivalent pressure coefficient in the typical section of wind turbine tower
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Typical modal vibration diagram of wind turbine tower-blade coupling model

different blade stop positions

R B A3 25 B /N B 22 501) , 8 B A R AR — B, W]
DAEHUIR AR i 7 A [ 5 808 X3 BILAA 2R B0 43 24
IR Y5 s, AR B Ik B 32 2 LA g sh LA S 3%
ZRPEAT Ao BN e A 1R ), e B RS B 2R
AR By B Z5 A I FR R IE 2 I 12 B .

[l

(e) ZE508r  (f) ZE 10087
(e) 50th order (f) 100th order




514

e, 45 25 g 45 AL K 2R XU B 240 IR 4 A iz S T

67

3.2 EEZEMW AL

B 13-14 25 1 AR T80T 35 98 RUEoAe ) 1o #
Wi SO A0 B 1) 52 8% W L o3 A 1 ol T T A
Fi A [P LA B 20 2 B i B v R R T
LIRS (R MU S A e SO Sl R DA R R R VA
Wt A P 2 v JBE A% 0 T 38 3 49 O, B R AE S B Y
Hy P AE B TOUAL O0° A 180°% B 5 AN [Al 45 MLz B B4 42
137 % 8 L A 200 XL T R XU T A9 23 A 9 LA [ A (B
DX 3 Bt - 5 SRS R X 9 A R R T K
T 1 o A P A B A TR S AL H B 1]
RN, VRl A RO, 3 2R TR XL -0 207 72

IS4
5

B R A A 25 5, 43 0 DA T 1A e XL L
U MRV T o o B4 R 0 bR A L A TR IR
JES P 7 i (8 5 =2 1 22, 49 30 3 20 RGBT o) R R
TR IR0 350 P9 7 17 R AE AR 5 PR KU L K- 3K
P g o (B AR 25, 49 3070 B0 R ARAE(E

W E 15 PR - BSR4 1] 4 4 7R 0°,10°, 70° LA
e 32070 B0 22 5, T 2 7E O B A0(E A 25 I
KK F] 146.82 Neom ; KBUE AR 0] 25 56 5 K1 808
Ih] 25 7 300 XU TG 25 5 0, VD O IR AR 1) A
ik 12.78 Nem; 5 U] F ) 255 52 70 A5 6P, XL )
N7 55 R SR 1 3 A B AR — B, VbR 32 S i B 4R
0 RCTET A2 A 60°, Vb B0 i N A (i 3 B AE 0° L

SR H R AL A AL VR e AR R

B XD B XL T AT 22 e ok e i R

120 = 0.10 120 0.10 120 EEEEFH H &2 2 0.10
0.08 0.08 F - a 0.08
100 0.06 100 0.06 100 0.06
g 0.04 g 004 € 0.04
& o 0.02 J& 80 0.02 . 80 0.02
g 60 0 E 60 1E 60 0
7 -0.02 & -0.02 -0.02
& 40 -004 g 40 -0.04 g 40 -0.04
¥ 20 -0.06 M= 5 -0.06 M= 5 -0.06
-0.08 -0.08 -0.08
0 -0.10 0 -0.10 0 E H -0.10
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
IS /() FEFE /() T /()
(a) L1 (b) T2 (c) T3
(a) Working condition 1 (b) Working condition 2 (c) Working condition 3
120 0.10 120 FEEEH H F H 0.10 120 BT B Z=E H 0.10
0.08 F==- i ! 0.08 Esz: = 1; 0.08
100 0.06 100 € 0.06 100 0.06
=) 0.04 & 0.04 & 0.04
~ 0 ~ ~
i 8 0.02 i & 0.02 i &l 0.02
60 0 60 0 60 0
I 1 1E
T -0.02 & -0.02 F -0.02
& 40 -0.04 & 40 -0.04 g 40 -0.04
M 90 -0.06 M 5 -0.06 M 5 -0.06
-0.08 -0.08 -0.08
0 -0.10 0 -0.10 0 -0.10
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
HEME/ () HEME/ () R ()
(d) T4 (e) THLS (f) TH6
(d) Working condition 4 (e) Working condition 5 (f) Working condition 6
120 g 2 H H 0.10 120 R z H z 0.10
F 1! 0.08 o H a 0.08
100 0.06 100 B e 0.06
E 80 0.04 E 80 0.04
i 0.02 i 0.02
mw 60 0 g 60 0
= -0.02 & -0.02
& 40 -0.04 g 40 -0.04
M 20 -0.06 M 5 -0.06
-0.08 -0.08
0 -0.10 0 -0.10
0 50100 150 200 250 300 350 0 50100 150 200 250 300 350
HEAE /() HEMAE /()
(g) LHLT (h) T8
(g) Working condition 7 (h) Working condition 8
13 2% 00 A A EAR 1] A2 78 0 i
Fig. 13 The radial displacement of mean response of tower under different calculate working conditions
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Fig. 14 Wind-sand induced radial displacement response of various operating conditions
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Analysis of wind-sand-induced structural response of large wind turbine

considering the position of blades

KE Shi-tang, DONG Yi-fan

(Department of Civil Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: The position of the blades in a strong wind-off state will significantly affect the flow around wind turbine towers and sta-
bility of them. Especially in the extreme weather conditions of sandstorms, the adhesion of sand will also affect the turbulence char-
acteristics of the wind and generate additional impact force on the tower. The existing researches lack the exploration of wind-sand
coupling effect to explore the aerodynamic performance and structural response of large-scale wind turbines. Taking the 5 MW hori-
zontal-axis wind turbine system independently developed by Nanjing University of Aeronautics and Astronautics as the object and
wind-sand-wave two-way coupling algorithm as the core, the simultaneous iterative simulation of the typical wind field and sand
combination is performed on the continuous phase and discrete phase model respectively by CFD technology. Considering the eight
stop positions in a single rotation cycle of the blade, the equivalent pressure coefficient and the aerodynamic load distribution charac-
teristics are compared and analyzed. Then combined with the finite element method, the dynamic characteristics, wind-sand in-
duced structural response and buckling stability of the wind turbine system at different stopping positions are discussed. The results
show that the load effect of sand particles on the windward surface of wind turbine tower is the most significant under the wind-sand
coupling environment. The pressure coefficient of sand in some regions can reach 0.55, and the ratio of sand impact load to wind
load can reach 23.7%. The wind load under different stand positions plays a dominant role in the response of the tower structure,,

but the effect of sand impact on the bottom of the tower cannot be ignored.

Key words: large wind turbine system; wind-sand coupling environment; structural response; CFD numerical simulation; stop po-

sition
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