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Abstract: To investigate the topographic effects of typical photovoltaic sites on wind field characteristics in the

plateau mountainous area of Yanyuan County (Liangshan Prefecture), a combined approach involving wind
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tunnel experiments and computational fluid dynamics (CED) simulations was adopted based on the refined three-
dimensional terrain of an actual photovoltaic power station. First, a scaled terrain model representing the natural
mountainous landform was established using Global Mapper and Rhino software. Wind tunnel tests were
conducted in the closed-circuit wind tunnel. A Cobra probe anemometer was employed to measure the three-
dimensional wind velocity at different representative positions and vertical heights under eight wind directions
ranging from 0° to 315°. Based on the experimental data, terrain-induced horizontal wind speed-up effects and
the distribution patterns of vertical wind velocity were systematically analyzed. Additionally, horizontal wind
speed-up ratios at typical topographic locations were compared with the recommended values stipulated by
mainstream international design codes. Subsequently, a CFD model was calibrated against wind tunnel
measurements to conduct full-terrain wind field simulations under varying wind directions, aiming to clarify the
spatial distribution characteristics of horizontal wind velocity. The results indicate that complex mountainous
terrain has a significant impact on the near-surface wind field. The horizontal wind speed-up effect varies
considerably with terrain location and wind direction, and gradually declines with increasing height. The
horizontal speed-up ratios specified in current international codes are generally conservative for ridge tops and
mid-slope regions, among which the American code shows relatively good agreement with the experimental
results. Although the overall proportion of vertical wind speed is small under most conditions, noticeable
updrafts and downdrafts still occur at low to intermediate heights in mid-slope areas and regions with abrupt
terrain changes. The findings of this study provide experimental evidence and reference values for the wind-
resistant design of photovoltaic support structures and the determination of wind load parameters in complex
high-altitude mountainous areas.

Keywords: photovoltaic power plants; wind tunnel test; complex mountainous terrain; horizontal wind speed;
terrain-induced acceleration; vertical wind speed
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Fig.1 Selection scheme for characteristic photovoltaic
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Fig.2 Measurement point selection scheme
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Table 1 Coordinates of different measurement points

WA x/m y/m z/m W& xo/m y/m z/m

P1 —26 534 211.331| P6 0 200 133. 266
P2 —419 161 85.048|| P7  —200 0 89.806
P3 —233 —386 13.363| PS8 0 —200 95.988
P4 196 —365 47.931| P9 200 0 116.527
P5 416 215 78.933| P10 0 0 145.987
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Fig.5 Horizontal wind speed-up ratio at different measurement point locations
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Fig.6 Comparison of wind tunnel test data at typical measurement locations with international code provisions
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Table 2 Comparison between experimental and numerical simulation results
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Fig.9 Distribution of wind speed streamlines over the full terrain under different wind direction angles
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Table 3 Horizontal wind speed-up ratio at 10 m height at

typical measurement locations

W 0° 45° 90° 135" 180° 225° 270" 315°

Pl 1.22 1.25 1.156 1.26 1.35 1.23 1.06 1.21
P6  0.82 0.82 1.00 0.85 0.64 0.41 1.00 0.77
pP7 1.01 0.80 0.70 0.76 0.51 0.47 0.72 0.74
P8 0.92 1.00 1.01 0.81 0.81 0.75 1.13 0.97
P9 0.98 0.76 0.91 1.05 0.90 0.61 0.85 1.10
P10 1.03 0.97 1.13 1.17 1.02 0.68 1.14 1.17
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Fig.10 Comparison of turbulence intensity at different measurement locations
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Fig.11 Ratio of vertical wind speed to total wind speed at different measurement points
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