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Hydrodynamic characteristics of overland flow and
its impact on erosion in Loess Hilly Region
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Abstract Overland flow is the main source of soil erosion. Research on the hydrodynamic characteristics and its impact
on soil erosion are important to deeply understand the mechanism of soil erosion. In recent years, numerous studies
have focused on the characteristics of overland flow on slopes, which ignored the role of slope hydrodynamics in soil
erosion mechanisms. In this study, the characteristics of overland flow and its impact on soil erosion were analyzed by
conducting artificial simulation experiments in runoff plots with different slope lengths (1, 5, 10, 15 and 20 m) under
different rainfall intensities (25, 50 and 75 mm/h). The results showed that the average velocity was mainly affected
by the lengths of slope and the discharge per unit width. whereas the rainfall intensity indirectly affected the average
velocity by influencing the discharge per unit width. The overland flow presented laminar torrent pattern when the slope

length was greater than 1m and laminar subcritical pattern when the slope was 1 m. When the rainfall intensity was
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constant, the Reynolds number increased linearly with the increase of slope length, and the Froude number increased

with the increase of the slope length as a power function. The rainfall intensity displayed a significant “drag- increasing”

effect on overland flow. The slope resistance coefficient decreased in power function with the increase of slope length.

The average soil erosion rate on slope increased with the discharge per unit width linearly, with the average velocity

exponentially and the Reynolds numbers quadratically.

Keywords Loess Hilly Region; overland flow; hydrodynamic characteristics; soil erosion
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Table 1  Soil physical and chemical properties of soil samples tested

WL ZH %/ % Soil texture

- . Wt & K1/ X
1 l T EEE/ AHHLET/ y BA/
AAGIAN \\‘L ) 0
eyt Fh L g (g/cm®) (g/kg) o i (g/kg)
) (0. 002~ (0. 02~ ) i pH Initial soil
Soil  (<0.002 mm) Soil bulk Organic ] Total
0.02 mm) 2.0 mm) . moisture )
type Clay density matter nitrogen
Silt Sand content
b+ 5.02+0.06 5.5440.43 89.5540.39 1.5240.06 2.81+0.07 8.40+0.16 15.2140.38 0.37+0.02
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Fig. 1 Simulated rainfall system on a slope of 20 m in length
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Table 2 Hydrodynamic characteristics of overland flow under the different slopes and the different rainfall intensity
) HGE L/ ; - .
R Y 8 32/ . , KRG, Y/ AL . I8P
Pk /m (L/(min * m)) b 1l T AL .
(mm/h) mm (cm/s) Reynolds %5 BHE. 1 22 %k
Slope Discharge Froude
Rainfall Average Average number Darcy-
length (L) per unit (Fr)
intensity (R) depth (h)  velocity (v) (Re) weisbach ()
width (Q)
20 19. 742 0.987 33.776 347.048 3.435 0. 059
15 14. 883 0.992 25.421 262.549 2.579 0.105
75 10 9. 359 0.936 20. 479 199. 505 2.139 0.152
5 6.074 1. 215 8. 336 105. 413 0.764 1.192
1 1.357 1. 357 1. 657 23.396 0. 144 33.678
20 7.223 0.361 34.578 130. 029 5.812 0.021
15 5. 945 0. 396 25.182 103.921 4. 041 0.043
50 10 4,272 0.427 16. 637 73.992 2.571 0.105
5 2.243 0. 449 8. 340 38.951 1. 258 0. 440
1 0.521 0.521 1.644 8.917 0.230 13.136
20 2.017 0.101 33.378 35. 054 10.617 0. 006
15 1.604 0.107 24.980 27.817 7.717 0.012
25 10 1.175 0.117 16. 451 20.121 4,849 0.030
5 0.650 0.130 8.153 11. 034 2.284 0.133
1 0.143 0.143 1.636 2.443 0.437 3.650
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Table 3 Correlation coefficient between the different combinations of hydrodynamic parameters and average soil erosion rate

SRR
KRB R/
Correlation L R Q h v Re Fr f (g/(m* * min))
coefficient Average soil
erosion rate (D)
I 1
0. 000 1

Q 0.655™ 0.699 1

h —0.295 0.945™ 0. 457 1

v 0.982" 0.151 0.754™ —0.150 1

Re 0.655™ 0.699™ 1.000™ 0. 457 0.754™ 1

Fr 0.895"™ —0.397 0. 307 —0.643" 0.818™ 0. 307 1

2 —0.890™ 0. 407 —0.298 0.652™ —0.811" —0.298 —0.999" 1

D 0.698" 0.680" 0.957" 0.425 0.789" 0.957" 0. 346 —0. 340 1

e oex FEBEAS R OO g 0. 01 B, AH S PR B 00,

Note: *x , the correlation is extremely significant when the confidence (bilateral) is 0. 01.
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Relationships of average soil erosion rate and discharge per unit width,
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