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Wind pressure characteristics and wind vibration response of long-span
flexible photovoltaic support structure

DU Hang, XU Haiwei, ZHANG Yuelong, LLOU Wenjuan

(College of Civil Engineering and Architecture, Zhejiang University, Hangzhou 310058, China)

Abstract; Long-span flexible photovoltaic support structures have been increasingly used because of their good site
adaptability and economy. For improving the wind resistance design method of such structures, wind tunnel
pressure test was conducted on a long-span flexible photovoltaic support structure with variable inclination angles,
so as to investigate the distribution characteristics of mean and fluctuating wind pressure coefficients of photovoltaic
panels under different wind azimuths as well as the extreme wind pressure change law of photovoltaic modules under
full range wind azimuths. The power spectrum of the fluctuating wind pressure under typical wind azimuth was also
given. On the basis of the wind pressure distribution characteristics of photovoltaic modules, the finite element
software ANSYS was employed to simulate the wind-induced response of the flexible photovoltaic support structure,
and the corresponding vibration coefficient was obtained. Research results show that at wind azimuths of 0° and
180°, the mean wind pressure coefficient appeared gradient distribution along the incoming flow direction and the
absolute value decreased rapidly. With the increase in wind azimuth, the maximum absolute value of the wind
pressure coefficient moved from the windward leading edge to the corner of the windward end. The trend of
fluctuating wind pressure distribution on photovoltaic panels was similar to that of mean wind pressure distribution.
Compared with structural displacement response, the cable tension response was not sensitive to the changes in wind
speed. The wind vibration coefficients of the downwind and vertical displacements achieved maximum values at
U =8 m/s, and the values were 2. 11 and 1. 98. The research can provide reference for wind-resistant design of
similar photovoltaic structures.

Keywords: flexible photovoltaic support structure; rigid model pressure test; wind pressure distribution;

displacement response ; wind vibration coefficient
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Fig.2  Contour of mean wind pressure coefficient(a =10°)
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Fig.3  Contour of fluctuating wind pressure coefficient(a =10°)
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Fig.5 Wind pressure coefficient of photovoltaic module(a =10°)
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Fig.7 Variation of wind pressure coefficient of photovoltaic module with inclination angle
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Tab.3  Tension wind vibration coefficient at different wind speeds

U/(m-s™") Bur Byox Biar Byar
2 1.00 1.00 1.00 1.00
4 1.00 1.00 1.00 1.00
6 1.01 1.01 1.01 1.01
8 1.04 1.04 1.05 1.05
10 1.10 1.10 1.11 1.11
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Tab.4 Displacement wind vibration coefficient at different wind speeds

v/ P3 i AR F AL P3 AU (i B AR Z 8L P4 I A KR AL P4 IR iR AR ZR AL
(ms™") Brxs: Brxs. Bw. Bw: Bwy Brey Bwy Bwy By Bu: Bw: Bu: Byy  Brey  Bwy  Buy
2 1.16 1.17 1.16 1.17 1.21 1.26 1.22 1.26 1.17 1.17 1.17 1.17 1.26 1.26 1.26 1.26
4 1.52 1.54 1.50 1.52 1.58 1.70 1.53 1.53 1.54 1.54 1.52 1.52 1.70 1.70 1.53 1.53
6 1.82 1.83 1.76 1.78 1.77 1.93 1.78 1.93 1.83 1.83 1.78 1.78 1.93 1.93 1.93 1.93
8 1.94 1.98 1.88 1.90  2.07 2.10 1.91 1.96 1.98 1.98 1.90 1.90 2.11 2.11 1.96 1.96
10 1.92 1.9 1.82 1.85 1.92 1.99 1.82 1.89 1.94 1.94 1.85 1.85 1.99 1.99 1.89 1.90

VEiBs.. ~Brs.s Brs.y ~Brs., SHHIEICIRALIE P3 45 2 B AU RS KR 2 8B . ~ B Bty ~Brs, SM I AICARLL I P 45 25158 0 AL

NS



<74 - LS S N AP NI

554 &

4 % P

ENOOE YN S SR i H N et | Sk R
AT T WIS BEAISE , 40 BT T 0T 10° W Fivas UL 2H
AT AR RN A XUe) £ B A XU A AR, TR
A PRTCEUEDT BT RR TR RG24 1 KU
N, THRASE] T 5 R R4, FESSE T

1) JXUs £ AR R G AR 2 A A T e XU A (OF
PRSI RUE ) 50 g 25 . 0° 1 180° xUJa] Ff1 B, °F-
PR ZR BRI 7 1] S 0 R B 40 A L4 X
Y, RS BE 3 A 2 ARG IR IHAROR 2 1 E T A
BB T VA S IR 2 445 5 2R ] 143 $eA it ; 30°
FT 150 HAUa] A, SR AR 4340 R # 3 DX 3 25
B N ) T WA S O U ) ) WE S 3 o T
SRR, KU 6 =0°8k 180°,P1 ~ P4 g i
WU ISR AR, FLRAE S XU R IERUE T

2) BEECRAPHMA 3E R, SR AR AU
REER KGR WE ST, B RUE R 5
FKS AU R ECN AL PL 2] PA WA R

3) M fr v o M Jg A MR XL ] 57 Wi Iz Xof XL 2 £k
g v SR vt il b AU AR e G AL VRGBT
AFAANHURE, PR IMR S A% RUR R B30 AR 2354 1) A
MR A A B iR W R B B R DL PA 4 45
il 32 IR ) RS ] (A KR R B U =8 m/'s i}
WA AR, 43008 2. 11 F1 1,98,

[1] FExe PR, X, A5 2 5 KOS 36 IR R G AU e 1
RIGRHFELT]. BESTEEH2HR,2018,39(10) <21
WANG Jingxue, YANG Qingshan, LIU Min, et al. Experimental
research on characteristics of wind loads of solar arrays mounted on flat
and gable roofs[ J]. Journal of Building Structures,2018,39(10) :21.
DOI;10. 14006/j. jzjgxb. 2018. 10. 003

(2] EH3CHE, Thill, ERE, A5, SGIRFESI AT Pt KU 1l
R[] SRR ,2021,35(4) <19
MA Wenyong, MA Chengcheng, WANG Caiyu, et al. Wind tunnel
experimental study on the wind load interference effect of solar panel
arrays[ J]. Journal of Experiments in Fluid Mechanics,2021,35(4) :19.
DOI:10. 11729/sy1t1x20200127

[3] Hh3cH, Beme e XUPCTE, 55, IS AR ZE XS K BHREG AR KA 25
WARHSELT]. EST4EHY ,2019,49(2) :129
MA Wenyong, CHAI Xiaobing, LIU Qingkuan, et al. Study on effect of
bottom flow obstruction on wind load of solar photovoltaic panels[ ] ].
Building Structure ,2019,49(2) :129. DOI’;10. 19701/]. jzjg. 2019. 02. 023

(4] BESCIH, S5 W ER, 55 BRSO P800 BiF
FELT]. ARG 2021 ,42(5) 47
LOU Wenjuan, SHAN Hongyang, YANG Zhen, et al. Study of shielding
effect on shape coefficient of super-large photovoltaic arrays [ J].
Journal of Building Structures,2021,42(5) :47. DOI. 10. 14006/].
jzjgxb.2019. 0754

[5] T, BHHE, RS, & LR R NFT HAR T R B[]
RFHAE 4 ,2021,42(10) 17
XU Ning, LI Xuhui, GAO Chenchong, et al. Analysis of shape
coefficients of wind loads of photovoltaic system[ J]. Acta Energiae
Solaris Sinica,2021,42(10) :17. DOI. 10. 19912/j. 0254 - 0096.
tynxb. 2017 - 1018

[6] B AP, AR, 55 R I7 M XA R RAT 2 [ T].
J1#E$,2012,33(10) =5
HE Guangling, JJANG Huaqing, SHAN Jiandong, et al. Research
of wind load model in photovoltaic array [ J]. Electric Power
Construction,2012,33(10) ;5. DOI:10. 3969/j. issn. 1000 —7229.
2012.10.002

(7] EAR, FBEEE, Jr . 35 RUR R AU AL RO IR 3
SRIRALZ BB IE T]. FEF 454 ,2020,37(4) 142
WANG Dong, WANG Lulu, FANG Weiding. Study on shape
coefficient of group photovoltaic support based on wind tunnel test
and numerical simulation[ J]. Special Structures,2020,37(4) :42.
DOI:10. 19786/j. tzjg. 2020. 04. 008

[8] WARSIDO W P, BITSUAMLAK G T, BARATA J. Influence of

[

spacing parameters on the wind loading of solar array[ J]. Journal
of Fluids and Structures, 2014, 48. 295. DOI. 10. 1016/].
jfluidstructs. 2014. 03. 005

(9] Bt ARz, 277 I, 2. SRR R 20 IR 45 40 XA 28 XUl
AT ()], PRl S TR ,2020,17(9) 12354
YIN Meizi, ZOU Yunfeng, LI Qingting, et al. Wind tunnel test
study on wind load of single row tracking photovoltaic structure[ J].
Journal of Railway Science and Engineering,2020,17 (9) :2354.
DOI:10. 19713/j. enki. 43 - 1423/u. T20191016

[10] KOPP G A, FARQUHAR S, MORRISON M J. Aerodynamic
mechanisms for wind loads on tilted, roof-mounted, solar arrays[J].
Journal of Wind Engineering and Industrial Aerodynamics, 2012,
111.40. DOI:10. 1016/j. jweia. 2012. 08. 004

[11]BROWNE M T L, GIBBONS M P M, GAMBLE S, et al. Wind
loading on tilted roof-top solar arrays: the parapet effect [ J].
Journal of Wind Engineering and Industrial Aerodynamics, 2013,
123:202. DOI:10. 1016/]. jweia. 2013.08.013

[12 ] CAO Jinxin, YOSHIDA A, SAHA P K, et al. Wind loading
characteristics of solar arrays mounted on flat roofs[ J]. Journal of
Wind Engineering and Industrial Aerodynamics, 2013, 123;214.
DOI:10. 1016/j. jweia. 2013.08. 014

[I3TXUARFE , F1oK, ZEREA. P AR AR 2 2R 44 22 S5 4 XAy 282 i
SATLI]. PSR, 2017 ,43(27) 45
LIU Chunyu, BAI Bing, LI Lamei. Response analysis of equivalent
static wind load of solar panel support system [ J]. Shanxi
Architecture ,2017,43 (27 ) . 45. DOI; 10. 13719/j. cnki. ¢nl4 -
1279/tu.2017.27.022

[14 JHE Xuhui, DING Hao, JING Haiquan, et al. Wind-induced vibration
and its suppression of photovoltaic modules supported by suspension
cables[J]. Journal of Wind Engineering and Industrial Aerodynamics,
2020,206:104275. DOI; 10. 1016/j. jweia. 2020. 104275

[1514R%5. M RO A RE PR L D]. KV WE K
#2016
Z0U Qiong. Research on wind resistant performance of trough solar

collector system[ D]. Changsha: Hunan University,2016

(iE AWE)



