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Fig.1 Wind rose for the Tengger Desert Solar Park in April
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panel under different incoming wind speed conditions
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on photovoltaic panels under varying incident wind speeds
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Fig.7 Vertical distribution of sediment transport rates at different locations on

the solar panel and fitting curves under varying incident wind speeds
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Spatial differentiation characteristics of near-surface wind field
and aeolian sand transport under a single-column
photovoltaic array in the Tengger Desert

Zhang Zezhong", Zhang Huayong’, He Yuxuan’, Wang Biao’, Wang Xiaona’,

labe labe

Yang Guang'™, Ma Yunxia*, Xiao Jianhua', Zhang Deyi"

(1.a.College of Desert Control Science and Engineering, b.State Key Laboratory of Water Engineering Ecology and Envi-
ronment in Arid Areas, c.Inner Mongolia Hangjin Desert Ecological Research Station, Inner Mongolia Agricultural Uni-
versity, Hohhot 010010, China; 2. Xinjiang Huadian Tianshan Power Generation Co., Ltd., Hami 839000, Xinjiang,
China; 3. Beijing Engineering Corporation Limited, PowerChina, Beijing 100024, China; 4. State Key Laboratory of
Ecological Safety and Sustainable Development in Arid Lands, Northwest Institute of Eco-Environment and Resources,

Chinese Academy of Sciences, Lanzhou 730000, China)

Abstract: Large-scale photovoltaic (PV) development in desert regions can significantly alter local wind fields
and aeolian activity, yet the spatial differentiation of wind-sand environments and their regulatory mechanisms
within different parts of PV arrays remain insufficiently understood. In this study, a typical single-column PV ar-
ray with a ground clearance height of 150 cm on the eastern margin of the Tengger Desert was selected as the
study object. Based on synchronous field observations, we comparatively analyzed near-surface wind speed pro-
files, the vertical distribution of sediment transport rates, sand-flow structure, and sand-blocking rates at the
panel front, panel rear, inter-panel space, and an open control site (CK) under three incoming wind-speed con-
ditions. The results showed that: (1) The PV array significantly reduced near-surface wind speed, and the wind-
reduction effect exhibited clear spatial heterogeneity, mainly concentrated within the 50—100 cm height range.
The strongest deceleration occurred at the panel rear, where the maximum wind-reduction effect reached
44.47%, while the wind-reduction effect at 20 cm in front of the panel was relatively weak, ranging from 6.79%
to 7.63%, and 19.15%-20.93% at 400 cm height. (2) The PV panel as a whole reduced aeolian sediment trans-
port intensity, but the internal transport pattern remained stably differentiated, with total sediment transport
ranked as inter-panel space > panel rear > panel front. The sand-blocking rate was 45.26%—51.93% at the panel
front, 26.68%—33.19% at the panel rear, and 11.95%—19.10% in the inter-panel space. (3) The PV panel did not
alter the basic law that aeolian sediment transport is concentrated near the ground surface. At all positions, sedi-
ment transport at different heights followed the order 2—10 cm>0-2 cm>10—-20 cm, and the sand-flow structural
parameter in the inter-panel space even exceeded that of CK under high wind-speed conditions, indicating that
the airflow passage beneath the panel enhanced the vertical transport capacity of sand particles. The results sug-
gest that sand-control measures in desert PV arrays should adopt a zonal configuration strategy, with the inter-
panel space treated as the key protection unit, the panel front maintaining its sediment-reduction advantage, and
the panel rear requiring attention to local erosion risk around the supporting columns. This study provides a scien-
tific basis for zoned sand-control design and refined operation and maintenance of PV power plants in desert re-
gions.

Key words: Tengger Desert; photovoltaic array; near-surface wind field; aeolian sand transport; sand retention

rate



