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Abstract. As global energy demand grows and concern over climate change in-

creases, solar photovoltaic (PV) power generation, as a clean and renewable en-

ergy source, has garnered widespread attention and is rapidly developing. Due to 

the relatively low stiffness of PV modules, their light weight, and large spans, 

they are typically wind-sensitive structures, making wind loads an important fac-

tor. This study, set against the backdrop of the Huarong PV project by China 

Power Construction Group Guiyang Survey and Design Institute, employs a flex-

ible PV rigid model to conduct wind tunnel pressure tests, examining the wind 

load characteristics of PV modules under different azimuth angles. The results 

indicate that the upstream PV panels have a significant shielding effect on the 

downstream PV panels; areas with higher absolute mean wind pressure exhibit 

greater fluctuating wind pressure, necessitating consideration of fatigue effects. 

The findings provide important wind load design references for the application 

of PV modules in civil engineering projects, contributing to the structural safety 

and reliability of PV power plants. 
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1 Introduction 

Wind tunnel tests can simulate airflow environments under different wind speeds and 

directions, enabling accurate measurement and assessment of wind load characteristics 

on photovoltaic components [1] [2]. Through wind tunnel tests and Computational Fluid 

Dynamics (CFD) simulations, it has been found that upstream photovoltaic components 

cause significant interference effects on downstream ones [3][4]. And for single-row pho-

tovoltaic components, lift and drag increase with the tilt angle varying between 10° and 

60° [5]. 

This paper focuses on to investigate the performance characteristics of photovoltaic 

components under different conditions through wind tunnel tests, delve into the inter-

action mechanisms between photovoltaic components and wind, and provide a reliable  
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theoretical basis and technical support for the design and operation of photovoltaic
power systems.

2 Experiment Introduction and Parameter Definition

The wind tunnel test model is shown in Fig. 1 (a). The photovoltaic array consists of
six rows and six columns, with the prototype single-row square array measuring 55m
in length, with a spacing of 3.2m between rows, a panel tilt angle of 15°, and a geomet-
ric scale ratio of 1/30. In this experiment, a model thickness of 8mm was chosen for
ease of pressure tube installation.

(a) Wind tunnel test model diagram (b) Wind direction definition

Fig. 1. Wind tunnel test model diagram

A total of 240 measurement points were arranged on the photovoltaic components.
The layout of the measurement points is shown in Fig. 1 (b).

To ensure the universality of the experimental results, the pressure time-series data
at each measurement point are represented in non-dimensional pressure coefficient
form:

( ) = ( ) (1)

̅ = ∑ (2)

, = ∑ − ̅ (3)

C , ,  represent the mean and root mean square of the pressure coefficient,
while N is the number of sampling points in the sample.

The wind tunnel test utilized a Class B terrain wind field standard. In the wind tunnel,
rough elements and sharp edges were used to simulate wind field information, obtaining
experimental wind profiles and turbulence profiles, as shown in Fig. 2.
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(a) Mean wind profile (b) Turbulence profile

Fig. 2. Wind field simulation results

3 Wind Load Characteristics Analysis

3.1 Average Pressure Coefficients

Fig. 3. Net wind pressure Average wind pressure coefficient

When the inflow wind direction is 0°, the wind load on the front row of photovoltaic
panels exhibits a significant gradient change with relatively large values, leading to a
considerable overturning moment. The wind load on the rear row, due to the shielding
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effect of the front row panels, stabilizes and is approximately half of the front row's
values. Fig. 3 illustrates that at a 180° wind direction, the entire photovoltaic assembly
experiences wind suction and shows a noticeable gradient change. The wind load vari-
ation is more uniform with no distinct sudden changes.

3.2 Fluctuating Wind Pressure Coefficients

The distribution pattern of fluctuating wind pressure coefficients as shown in Fig. 4 is
similar to that of average wind pressure coefficients. Due to the influence of the incom-
ing wind, the fluctuating values of the wind pressure coefficients on the front row of
photovoltaic panels are relatively high. The rear photovoltaic panels experience lower
fluctuating wind pressure coefficients due to the shielding effect of the front row panels.

Fig. 4. Net wind pressure fluctuating wind pressure coefficient

3.3 Extreme Wind Pressure Coefficients

The extreme calculation method employed in this study is based on the PHPM model
proposed by Liu et al. [6], which introduces a new statistical moment definition without
feasible area restrictions. The specific calculation results are as follows: Fig. 5 show
the contour maps of the net wind pressure extreme wind pressure coefficients at wind
directions of 0° and 180°, respectively. Table 1 presents the extreme wind pressure
coefficients for each photovoltaic panel. Similar to the distribution patterns of average
and fluctuating wind pressure coefficients, the extreme wind pressure coefficients of
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the photovoltaic panels on the left and right sides exhibit symmetrical distributions and
noticeable gradient changes.

Fig. 5. 180°Net minimum wind pressure coefficient

Table 1. 0°Extreme wind pressure coefficient

Row1 Row2 Row3 Row4 Row5 Row6
0° 4.90 3.78 2.56 2.29 2.35 2.01

180° -2.83 -2.37 -1.87 -1.60 -1.46 -1.26

4 Conclusion

(1) The upstream photovoltaic panels exhibit a significant shielding effect on the down-
stream panels. The first and second photovoltaic components have the highest wind
pressure coefficients (including average, fluctuating, and extreme wind pressure coef-
ficients), while the size coefficient of the third photovoltaic component is noticeably
lower than the first two components. The size coefficient of the rear panels tends to
stabilize, indicating the impact of upstream panels on downstream panels.

(2) Under wind directions of 0° and 180°, the distribution patterns of average wind
pressure are similar to those of fluctuating wind pressure. Regions with higher absolute
values of average wind pressure correspond to larger fluctuating wind pressure values.
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This implies that areas with high wind pressure on the photovoltaic panel surface ex-
perience more unstable wind loads. When designing photovoltaic support structures,
consideration should be given not only to the damage caused by extreme wind loads
but also to the impact of fatigue on the photovoltaic components.

(3) Limitations and Future Work: Conduct wind tunnel tests at multiple wind direc-
tion angles to investigate the effect of wind direction on the distribution of wind loads;
utilize numerical simulation techniques to explore the underlying mechanisms.
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