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Expanded Erosion Mechanism and Morphological Evolution Characteristics of
Slope Rill Based on Two-phase Flow Modeling
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(1. Institute of Transportation, Inner Mongolia University, Hohhot 010020, China; 2. School of Ecology and Environment,
Inner Mongolia University, Hohhot 010020, China; 3. Water Conservancy Development Center in Ordos, Ordos 017200, China)

[ Abstract] 1In order to accurately calculate the hydrodynamic parameters of the slope rill at any point during the erosion process, and
to avoid errors caused by using the average flow rate to calculate the hydrodynamic parameters in the traditional method. Based on the
variability and complexity of the development process of slope rills, as well as the characteristics of water sand two-phase flow, the
Euler-Euler two-phase flow model was used to calculate and analyze the morphological evolution characteristics and erosion mechanisms
of slope rills at different stages of expansion erosion. The results show that the Euler-Euler two-phase flow model can accurately
describe the morphology evolution process of slope rill in expanded erosion. Based on the morphology evolution characteristics of slope
rill at different stages of expanded erosion, the expanded erosion of slope rill is divided into the period when the rill sidewall is slightly
spreading and eroding ( the early stage) , the period when the expanded erosion become severe with a significant increase in the number
and area of amalgamated arcs (the middle stage) , and the period when the expanded erosion basically ceased and the rill morphology
stabilized (the late stage). The influential factors of slope gradient, initial flow rate, and preset rill width on the Darcy-Weisbhach
resistance coefficient, Reynolds number, and real-time flow rate are significant. Optimal characterization parameters for different stages
of slope rill development, such as erosion arc length and hydraulic radius, are proposed, aiding in determining the specific period of

slope rill development and predicting the development trend of rill morphology through changes in these parameters. The research
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results provide a theoretical basis for soil erosion control measures and are of great significance for soil and water conservation.
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Fig. 1  Schematic diagram of spatial distribution of
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slope rill erosion morphology
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Fig. 2 Development process of slope rill erosion
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Table 1 Calculation results of hydrodynamic parameters for rills with different slope gradients

v/ (mes™") D/cm i/(°) T v/(m-s™ ') Re Fr ¥a w/(Nem~'es71) 7/Pa @/(m-s™")

T, 0.4 1 000 0. 566 2.21 0. 180 0. 450 0.072

10 T, 0.41 1230 0.617 2.52 0.221 0. 540 0.074

T, 0.23 1 265 0. 300 14. 67 0.228 0. 990 0. 041

T, 0.41 1025 0. 580 3.15 0.277 0.675 0.111

0.3 2 15 T, 0.44 1320 0. 642 3.28 0.356 0.810 0.119

T, 0.28 1 680 0.341 16.20 0.454 1. 620 0.076

T, 0.43 1290 0.591 4.58 0. 464 1. 080 0. 155

20 T, 0.47 1 880 0. 629 5.11 0.677 1. 440 0.169

T, 0.32 1920 0.398 16. 54 0. 691 2. 160 0.115
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Table 2 Calculation results of hydrodynamic parameters for rill water with different initial flow velocities

i/(°) D/cm ( 1)0<]) T v/ (m-s™ 1) Re Fr f w/(Nem~"-s7") 7/Pa ¢/(m-s™")
m-s

T, 0.41 1 025 0.580 3.15 0.277 0.675 0.111

0.3 T, 0. 44 1320 0. 642 3.28 0.356 0.810 0.119

T, 0.28 1 680 0.341 16. 20 0.454 1. 620 0.076

T, 0.43 1 290 0.591 3.43 0.348 0.810 0.116

15 2 0.6 T, 0.48 1 920 0.679 3.68 0.518 1. 080 0. 130
T, 0.29 1 885 0. 345 16. 36 0. 509 1.755 0.078

T, 0.46 1610 0.585 3.50 0.435 0. 945 0.124

1.2 T, 0.55 3025 0. 700 3.85 0.817 1. 485 0. 149

T, 0.31 2 325 0.355 16.52 0. 628 2.025 0. 084
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Table 3 Calculation results of hydrodynamic parameters for different preset rill widths
vy/ v/
i/(°) D/cm T Re Fr f @/(N-m~'es™1) 7/Pa @/(m-s ")
(m-s™") (m-s™")
T, 0.41 1 025 0.580 3.15 0.277 0. 675 0.111
2 T, 0.44 1320 0. 642 3.28 0.356 0.810 0.119
T, 0.28 1 680 0.341 16. 20 0.454 1. 620 0.076
T, 0.30 1 050 0. 401 8.23 0.284 0. 945 0.081
15 0.3 4 T, 0.31 1 860 0.438 13.22 0.502 1. 620 0. 084
T, 0.23 1 840 0.253 32.01 0.497 2.160 0. 062
T, 0.21 1 470 0.267 33. 60 0.397 1. 890 0. 057
8 T, 0.23 1 955 0. 300 34.01 0.528 2.295 0. 062
T, 0.20 2 000 0.209 52.92 0. 540 2.700 0. 054
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rills and hydrodynamic parameters during T, stage
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