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f = 8gRJ/V (2)

f Darcy-Weisbach Vg m/s’ 2=9.8m/s’; R m; J
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Fr=V/ J/gh (4)
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Fig. 1 Relationship between resistance coefficient

and surface roughness
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Fig. 2 Relationship between resistance coefficient
. f and Reynolds number
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1
d =0. 0058 mm 0. 001

f = 48.183d* P Re™* ™ R* =0.800 (8)

3

(8) Fig. 3 Relationship between resistance coefficient
R and Froude number
1
Table 1 ~ Multiple regressions between resistance coefficient and Reynolds number under different surface roughness
/mm R’
(a) 0.0058 137.0 ~ 1 235.4 £=0. 114Re 00 0. 001
(b) 0. 8750 133.8 ~982. 4 f=5.043Re 47 0. 430
(¢) 1. 8750 83.8 ~964.3 f=36.892Re 058! 0.731
(d) 3.7500 95.5~598.6 S =533.780Re 5% 0. 693
(e) 7. 5000 54.2 ~881.1 /=185.861Re ~"5» 0. 509
3 0.875mm 0. 0058 mm
1. 875mm 7.5mm  3.75mm o
f =0.9584" " Fr¥ R* =0.906 (9)
f=0.858Fr"* R* =0.883 (10)
(9) (10) 2.3% f=Fr
o 2 f=Fr
f—Fr o f
- Fr ( 3) .
o 0. 84 o
2 3

Table 2 Multiple regressions between resistance coefficient

and Froude number under different slope gradient

Table 3~ Multiple regressions between resistance coefficient

and Froude number under different discharge

/mm R?
(D 0. 0058 1.11~4.59 £=0.175Fr="  0.329
(g 0. 8750 0.48 ~2.29 f£=0.492Fr "%  0.479
(h) 1. 8750 0.25~1.39 f£=1.033Fr"%8° 0.425
i 3.7500 0.19~0.67 f=1.972Fr" %%  0.191
(1) S
(7 7. 5000 0.11 ~0.43 f=3.800Fr"*" 0.142

/(L/(s*m)) R

(k) 0.04 0.11 ~4.59 f=0.927Fr "™ 0.910

@) 0.08 0.18 ~4.20 f=0.875Fr" "7  0.897

(m) 0.12 0.25~3.31 £=0.857Fr~ 1816 0.877
S

n 0.16 0.30 ~3.33 £=0.845F 32 0.860
(n) f

0 0.20 0.32~3.57 f=0.834Fr""87  0.863
(o) S

(p) 0.24 0.35~3.71 f£=0.830F "7 0.849

2.3
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[ =0.689d""°¢* R =0.777 (11)
f = 66.354d"°° R* =0.744 (12)
(12) (11) 3.3%
4 N
Table 4  Variation of resistance coefficient with roughness. flow discharge and slope gradient
d J(L/(sem)) d /(L/(s°m))
/° /mm 0.04 0.08 0.12 0.16 0.2 0.24 /° /mm 0. 04 0. 08 0.12 0.16 0.2 0.24
2 0.000 0.227 0.170 0.147 0.123 0.079 0.080 & 0.000 0.053 0.101 0.124 0.113 0.087 0.120
0.875 1.197 0.534 0.387 0.364 0.321 0.358 0.875 0.473 0.349 0.274 0.310 0.304 0.292
1.875 4.433 1.700 0.939 0.777 0.771 0.768 1.875 2.448 1.407 1.146 1.015 0.860 0.868
3.750  7.921 2.657 2.025 1.416 1.295 1.214 3.750 8.834 6.567 4.898 3.977 3.239 2.978
7.500 21.139 9.077 4.301 3.196 2.793 2.280 7.500 12.502 13.585 13.492 10.917 9.424 8.012
4 0.000 0.222 0.110 0.100 0.093 0.073 0.072 10 0.000 0.080 0.079 0.127 0.125 0.109 0.101
0.875 1.119 0.700 0.463 0.382 0.404 0.359 0.875 0.581 0.339 0.271 0.344 0.345 0.393
1.875 4.359 2.302 1.306 1.003 1.021 0.905 1.875 2.070 1.556 1.407 0.895 0.815 0.836
3.750 10.568 6.013 3.765 2.667 2.266 1.939 3.750 8.798 7.215 6.016 4.565 4.000 3.452
7.500 20.975 10.932 7.506 5.220 4.392 3.707 7.500 11.796 14.781 12.790 10.563 9.537 8.062
6 0.000 0.066 0.065 0.098 0.094 0.059 0.062 12 0.000 0.128 0.109 0.125 0.117 0.111 0.118
0.875 0.359 0.240 0.202 0.237 0.213 0.239 0.875 0.687 0.318 0.347 0.348 0.402 0.356
1.875 1.812 1.063 0.793 0.649 0.692 0.568 1.875 2.903 1.462 1.581 0.925 0.961 0.857
3.750 8.836 5.635 4.413 3.027 2.938 2.391 3.750 11.022 8.167 6.699 5.469 4.150 3.739
7.500 15.330 15.204 12.426 9.948 8.695 7.241 7.500 10.252 14.431 13.595 10.429 9.746 9.202
2.4
4 o
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(18) (19) 0.7%

Nash-Sutcliffe ( NSE) (19)
NSE — 1 _ z ( Y;)bs _ Y-;;im) 2/ z ( Y‘;}]JS _ Y;neun) 2 (20)
i=1 i=1
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NSE<1. NSE 0~1 NSE
1 NSE <0
. NSE 0. 704 (19)
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Influences of surface roughness on overland flow hydraulic characteristics

SHI Ming=in'® LI Tao+ao' WU Bing=xiao> WU Fa-qi’
( 1. Institute of Soil and Water Conservation Northwest A&F University Yangling 712100 China;
2. College of Resources and Environment Sciences Northwest A&F University Yangling 712100 China;
3. Shanghai Investigation Design & Research Institute CO. Shanghai 200434  China)

Abstract: Exploring overland flow resistance is important for understanding the flow hydraulic characteristics
soil erosion and mechanism of sediment yield on sloping land. This study systemically discussed the relation—
ship between Darcy-Weisbach resistance coefficient of overland flow and surface roughness discharge slope
gradient as well as flow pattern through the fixed-bed model test. Results showed: with the simulated surface
roughness increasing the resistance coefficient exponentially increased. The relationship between resistance
coefficient and Reynolds number was negative which firstly increased and then decreased with surface rough—
ness increasing. The relationship between resistance coefficient and Froude number presented a power func—
tion; moreover surface roughness is an insignificant factor and discharge is the dominant influence. Under the
bed with artificial simulation of surface roughness resistance coefficient could expressed by surface roughness.
discharge and slope with a simple power function. Resistance coefficient was significantly affected by surface
roughness but less affected by discharge and slope. Resistance coefficient could expressed well by surface
roughness and Froude number based on all influence factors by factor analysis this formula can be used to
predict the resistance coefficient of overland flow with different surface roughness.
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