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Effect of Stem Lodging Angle on the Hydrodynamics of
Thin Overland Flow on a Slope Based on PIV
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(1.Key Laboratory of Soil and Water Conservation, National Forestry and Grassland Administration, Beijing Forestry
University, Beijing 100083, China; 2.Chongqing Jinyun Forest Eco-System Research Station
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Abstract: [ Objective ] Slope vegetation is susceptible to different degrees of collapse under the action of external
forces such as water flushing and wind. The aim of the study was to investigate the influence of vegetation collapse
angle on the dynamic characteristics of thin-layer flow and erosion and scouring process on slopes. [ Methods ] Acrylic
cylinders were used to simulate the stems of the plants, and an indoor flume scouring test was carried out to set up
six groups of collapse angles (45°, 757, 90°, 105°, 135°, 150°) and three sets of flow conditions (0.23, 0.52, 0.76
L/s), and a high-frequency Particle Image Velocimetry (PIV) system was used to capture and map the flow

field, so as to analyze the effects of different stem lodging angles on the characteristics of the flow field, turbulence
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characteristics and vortex structural features. [Results] 1) The presence of stalks caused the flow velocity at the
symmetry plane of the upstream of the stems to change, forming negative flow zones along the upstream of the bed
and downstream of the stalks in the near-bed region (x/D=-0.1 to x/D=-0.4, y/D=0 to y/D=0.4) , and both
forward and backward tilting of the stems weakened the negative flow of the water. 2) The turbulence intensity of
the vertical flow increased and then decreased with increasing water depth, and the locations where the maximum
turbulence intensity occurred were all located near y/D=0.2, indicating that the vortex microstructure played a
strong role in this region. 3) The presence of stems led to the generation of Horseshoe Vortex (HV) structures at
the upstream symmetry plane. Due to the weakening effect of the forward and backward tilting of the stems on the
descending flow, the HV system became obvious with the increase of the tilting angle, the vortex volume
increased and gradually approached to the column, and the strength of the HV system decreased with the
continued tilting of the column after it reaches 90°. The change pattern of the vortex volume with the column tilting
angle of HV1 showed a parabolic pattern of increasing first and then decreasing. The maximum value of vortex was
90° > 105" > 75° > 135" > 45° > 150°. [Conclusion] The synthesis shows that, in the early stage of slope
current development, tilting the plant stems can weaken the reverse flow of water at the bottom of the stems to a
certain extent, inhibit the generation of downward flow, weaken the structure of horseshoe vortex, and then
reduce the erosion of the bed by thin-layer flow, and the greater the degree of tilting of the stems, the better the
inhibition effect on soil erosion.

Keywords: slope thin-layer flow; lodging angle; flow field; horseshoe vortex system; PIV
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Table 1 The test condition
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C2 0.68 0.11 75 0.65 65 18.2 0.43 698
C3 0.23 0.68 0.11 90 0.65 72 20.1 0.43 731
C4 0.68 0.11 105 0.65 64 19.0 0.43 712
C5 0.72 0.11 135 0.69 80 24.3 0.41 804
C6 0.70 0.11 150 0.67 79 23.9 0.42 804
C7 0.86 0.20 45 0.81 72 19.3 0.69 1602
C8 0.86 0.20 75 0.81 64 18.8 0.69 1583
C9 0.5 0.86 0.20 90 0.81 65 20.0 0.69 1630
C10 0.86 0.20 105 0.81 58 18.8 0.69 1583
Cl11 0.87 0.20 135 0.82 62 25.4 0.68 1847
Cl12 0.88 0.20 150 0.81 61 25.4 0.68 1746
C13 1.08 0.23 45 1.01 66 19.5 0.72 2321
Cl4 1.09 0.23 75 1.02 55 19.0 0.71 2291
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Fig.5 Distribution of the vertical flow turbulence intensity along the water depth under different inclination conditions
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Fig.7 Schematic diagram of the horseshoe vortex system
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Fig. 9 Cloud diagram of the rotational intensity of the HV system under different inclination conditions
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