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Dust concentration and coefficient of variation for each row of photovoltaic panels at different tilt angles
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Mechanism of non-uniform dust deposition on photovoltaic

arrays under natural turbulent inflow conditions
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Abstract: To address the frequent problem of sand and dust accumulation on photovoltaic arrays in China's des-

ert, gobi, and arid regions, a dust deposition criterion model based on critical capture velocity and near-wall

sampling space was developed by coupling Large Eddy Simulation (LES) with a Discrete Phase Model (DPM).

We systematically analyzed the characteristics of non-uniform dust deposition distribution and the flow field regu-

lation mechanisms in photovoltaic arrays under both positive and negative tilt conditions, and quantified the dust

accumulation risk and cleaning cycles. The results indicate that, under all conditions, the second row of PV pan-

els in the array is the peak dust accumulation zone, and its deposition pattern reverses completely depending on

whether the tilt angle is positive or negative; vorticity is the core parameter for suppressing deposition across all

conditions, while the correlation between wind speed, turbulence intensity, and dust accumulation reverses com-

pletely depending on the direction of the incoming flow; under a 30° positive tilt, the second row of PV panels is

the highest-risk zone.

Key words: PV array; dust deposition; flow field structure; tilt angle; Large Eddy Simulation



