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Large-Eddy Simulation on Wind-Induced Responses and Wind
Vibration Coefficients of Flexible Photovoltaic Arrays

XIE Xiaonan, QIU Ye, WANG Fei, WEI Xin
(College of Civil and Transportation Engineering , Hohai University, Nanjing, Jiangsu, China)

Abstract: [Purposes] Flexible photovoltaic (PV) supports are wind-sensitive, yet research on
their wind-induced vibrations and wind vibration coefficients remains insufficient. [Methods] In this
study, a three-row, single-span flexible PV array was investigated by using large eddy simulation
(LES) to analyze wind loads and flow field characteristics with varying wind directions and panel tilt
angles. Furthermore, the effects of tilt angle and cable prestress on the wind-induced dynamic re-
sponse of the array were examined, and recommended values for the wind vibration coefficient were fi-
nally proposed. [Results] The results indicate that with 0° and 180° wind directions, the first row ex-
hibits the maximum absolute values of overall wind pressure coefficients. As the tilt angle increases,
the interference effect from the wake of upstream modules becomes more pronounced. For varying tilt
angles, the first-row supports show the largest vertical mean displacement response; however, when

the tilt angle exceeds 15°, downstream supports exhibit more severe vibration amplitudes. The vertical
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mean displacement and its standard deviation decrease with increasing prestress. By analyzing the in-

fluence of various factors on the wind vibration coefficient of the array, a calculation formula incorpo-

rating these parameters is proposed.
Keywords: flexible photovoltaic array;

vibration response; wind vibration coefficient
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Fig.1 Array arrangement and computational domain

1.3 BREHRKRBEEE

TREEBA DR R A H i A FR AT H
PR 5 B S TSR X AR G S TR S T R
5 G AR 2H A 3R T K b T X SR T R RETET . TR
T R4 7R SIMPLEC B3k o B i) B HOR
M B X, = [ B HCR .o 20, B
A T B AR X AR 22 WS Sy 1107, LES R
0.015 8 s Wf [ 25 K, BIHF I KA 79 s, Ko j5
47 4 s T HEAESE T

A3 HE F NSREG (Narrowband synthesis ran-

dom flow generation) J7 " £ B A 1 i i KU . 1%
77125 ) B T8) RURE i i AR o RUBE ] 58 4 4 i 2
it it 320 2 37 R B Bk sl ALt , KRk =X T

w(x,0)= > P, sin(k,~x,,+ 2nf,t +¢,) . (4
n=1

P.,=J2S,(f,)Af . €))
K w,G=1, 2, 3) K =4 J5 1] /Y ik sh Kk 5 2=
(o, v, = = AT B AR s f, AR &, ok 25 ) Bk
TET 114 B ML A A ) 6 5 S, o Bk Bl AU 3% 5 AR AR B
W5, R M0, 2r ] B3 5) 43 A BEALAR A o
WA AR S B0 XU B8 B i R AE T, AR
SR FH SR 45 R 7 389 ) (GB50009—2012)"
FUAE 1 BT, 2 7% 5 L 3. 6 m, P 7 XUy 30
m/so 45 I I - 25 DA R it 9 R 5 T 174 4L 28 R
5 HLTE B ARME A X WL 2Ca) , B % AL ik 3h K
R 5 Karman i 9 X% HE 0L IR 2(b) .

MIEME LES
TR U()/U, — °
WL,

------ o

0.1 02 0.6 08 1.0 12 14

I, U(z)/U,
(a) JR 3 i s I 3 )R ) T
10'
10°F
S0
S
S}
Q 107}
| —LESADA&
10 °F —— LES Bi Al 4b
----Karman jjf l
—4 1 1 b
10 107 10" 10° 10'
Uy,
(b) ik 2l Rk 3y F 3%

2 BERIGEMER
Fig. 2 Simulation results of Class B wind field
1.4 HEENERERIE
Sk 36 UE A A AU vk 0 HE R DA PR SRR O
PRRUTIR 8 560 55 07 Sy 2 BE O G2, 1) D s 25 A R
FUA B i 9 A B TR AT B T . R IR BT
DRI 3 36 75 81 1) S AR AR A rpls Z5 4 B30 KU R



5% 43 fifp e AR, 45« O AR P 90 IAEOR Rz -5 IKUHIR 2% K300 A T 4D ATT 5 873

B AR LK 3C) , B W& BbF. B 3Mg SRS XRS5 R X He o 18l i, AR SO
TR AL (@ =—30°~30") F R MOBRME LIRS Ma® ROk A 8 B0 i Bk e —
FI AW X HE D R B B A KUE R Ry LES #8840l B, Hoe 55 2R AR M9 A B A X 201 B A )

1.5
1.0+
ﬁ ® oSt
i b
4 g o
&
Eay &
& g —05f
e o ——LES
—1f g o : —rof ™ WBY
o = A ﬁ:%[ﬂ
72 1 1 1 1 71.5 1 1 1 1 1 1 1
0 0.2 0.4 0.6 0.8 1.0 —30—20 —10 0 10 20 30
x'/B al(°)
() P39 R R % () ZH 1 % A XU 2R %L
B3 HEENSHBERTLL
Fig. 3 Comparison between numerical simulation and experimental results
B WEJIE ] o 3, H2 B0 B A il 00 o ¥ XL
2 BRI T O (1375 1 90 £ 4 69 0 L
2.1 REHS5RBSHT Ak, HLBEE A 60 1, 200 JXUHT 2% A9 ¥ XU 2R

Bl Agg iy 17 0K fy 4L BV PR M (o= BOWE(E i 1. 250 R 2 1. 60, BT L% I8 . BF
57, 15°M1 307 T8 FOCAR ME A 2 ifn P B KUK &R 51 b Ta) HE B9 D6 AR 21 17 32 G 44 2000 Jie 10 3%, 24 B
B A = o o B 84T, ORI R OBAR B 51 LA =301, 55 HOGAR LR BT 32 X3 ek KU 748 8 17

(b)a=15°

(c)a=30°
B4 O°RmE TRRETFEHERNERBRE

Fig.4 Contours of mean net pressure coefficients of PV array with 0° wind direction
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Fig.5 Contours of mean net pressure coefficients of PV array with 180° wind direction
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Fig. 6 Total wind pressure coefficient of each PV module
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Fig.9 Effects of tilt angle on the mean and standard deviation

values of mid-span displacement
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