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Abstract: [ Objective] Aiming at the problem of wind erosion in the eastern foot of Helan Mountain in Ningxia,
wind tunnel simulation tests were carried out to compare the wind protection efficiency and sand fixation effect of
different protection modes. [ Methods] Based on the data of wind tunnel test, three types of modes were set up
under the condition of 12 m/s incoming flow, including peripheral shelterbelt measures (Group A), vineyard
internal measures (Group B) and shelterbelt vineyard composite configuration (Group C). The relative wind
velocity flow field, average wind protection efficiency, near surface wind protection efficiency, sediment transport
rate, sand fixing effect and vertical characteristics of wind sand flow under different configurations were studied.

[Results]: 1) Among the peripheral shelterbelt in Group A, the weak wind zone and extreme deceleration zone
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ranges followed the order arbor-shrub type = arbor-arbor type > pure arbor type > pure shrub type. Group B
maintained a stable low wind speed distribution near the land surface. 2) The combined shelterbelt-vineyard
measures in Group C possessed the advantages of both, with the average windbreak efficiency and near-surface
windbreak efficiency being overall higher than those of Group A and Group B. Among these, the near-surface
windbreak efficiency of the arbor-shrub type in Group C (C-arbor-shrub type) was superior to that of the C-pure
arbor type and C-arbor-arbor type. 3) In the combined configurations of Group C, when part of the peripheral
shelterbelt was of the arbor-shrub type, the sand fixing effect was further enhanced after combination. When the
peripheral shelterbelt was of the pure arbor type or arbor-arbor type, the sand fixing effect decreased after
combination. 4) In Group A, the wind-eroded material was concentrated in the near-surface layer within 8 cm,
whereas in Group B the sand transport layer expanded to 4 — 12 ¢m, and Group C exhibited a more balanced
distribution. [ Conclusion] The windbreak and sand-fixing configuration for vineyards should establish a multi-
layered, structurally matched composite system. For peripheral shelterbelts, an arbor-shrub composite type should
the grapevine/branch-hanging plus grass-covering

be prioritized, while for within-vineyard measures,

combination should be given priority. The research results provide a theoretical basis for optimizing vineyard

protection systems in arid regions.
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Fig.1 Schematic diagram of wind tunnel test
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Fig.2 Variation characteristics of wind speed and flow field in shelterbelts
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Fig.4 Variation characteristics of wind speed and flow field in shelterbelt vineyard compound measures
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