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Table 1 Geometric parameters and similarity ratio of wind turbine model
D H., SIH,,, R, C, C, Re 2
IR 100 118 1.67 4%~9% 0.4 0.85 8.1x10° 6.4
WAL 1 0.15 0.18 1.67 8% 0.21 0.7 5x10* 7.4
W HLAEAL 2 0.44 0.3 1.67 8% 0.29 0.78 1.1x10° 7
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Fig.2 Wind turbine model and photograph

of the experimental setup
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Fig.3 Wind tunnel & sand and dust release port
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Fig.4 Sand sampler local diagram
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Fig.5 Experimental condition diagram of wind turbine
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Fig.10 Contours of the sand transport variation factor on the vertical plane at X=1D for various tip speed ratios
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Fig.13  Spatial distribution contours of the sand blocking rate for different sand grain sizes in the wind farm region
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Fig.14 Variations of surface deposition amount and deposition rate along the flow direction for different grain sizes of sand
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An experimental study on sand transport influenced by
wind turbines/wind farms in aeolian environments

Ma Gaosheng', Song Yuanxiang', Liu Benli*, Yu Xuecheng', Peng Huaiwu’, Song Chenguang®
(1.8chool of Green Energy and Storage, Lanzhou University of Technology, Lanzhou 730050, China; 2.State Key Labo-
ratory of Ecological Safety and Sustainable Development in Arid Lands, Northwest Institute of Eco-Environment and Re-
sources, Chinese Academy of Sciences, Lanzhou 730000, China; 3. PowerChina Northwest Engineering Corporation
Limited, Xi'an 710100, China; 4. School of Electrical Engineering and Automation, Nantong University, Nantong
226001, Jiangsu, China)

Abstract: The desert-gobi-wasteland region holds substantial potential for wind energy development, yet the in-
teraction between wind turbines and windblown sand flow remains poorly understood. In this study, scaled sin-
gle-turbine and wind-farm models were tested in an atmospheric boundary layer wind tunnel under different dust
concentration levels to systematically investigate the effects of particle size, concentration, and operational pa-
rameters on sand transport dynamics and surface erosion. The results show that the sand-blocking effect of a sin-
gle turbine exhibits a strong non-linear sensitivity to particle size. Specifically, 100 um particles, whose aerody-
namic response matches the scale of vortex evolution, tend to settle synergistically in kinetic energy dissipation
zones; 50 um particles are prone to escape due to their high flow-following capability, while 200 pm particles
demonstrate strong penetrability owing to their high initial momentum. In the far-wake region, the substantial en-
trainment of turbulent kinetic energy creates a macro-scale low-transport zone but also induces discrete patterns
of particle deposition. At the wind-farm scale, multi-stage kinetic energy extraction reduces the surface shear
stress and generates a dust accumulation zone above the farm that intensifies as the particle size decreases. In
summary, large-scale wind power utilization raises the threshold for dust entrainment through wake effects, pro-
viding data support for ecological maintenance in desertified areas where wind farms are deployed.

Key words: wind tunnel experiment; wind turbine; wind farm; sand transport



