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Effects of Sediment Load on Hydrodynamic Characteristics of Overland Flow
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Abstract: The potential effects of sediment load ( S) on hydrodynamic parameters of overland flow were
investigated in a smooth plexi-glass flume under a wider range of sediment load and slope gradient of 9°.
The results showed that Reynolds number ( Re) decreased as sediment load increased implying a
decrease in flow turbulence. Froude number mean flow velocity and correction factor to flow velocity
(@) first all decreased with sediment load increasing and then the values all suddenly increased and
gradually become stable as sediment load further increased when S >300 kg/m’. The mean « was 0. 554.
For the difference between standard of energy dissipation in sedimentdaden and clear-water overland
flow the conclusions were also different. When S <300 kg/m’ the friction coefficient of sedimentdaden
flow was larger than that of clear water flow either with the same Reynolds number or unit flow rate as
standard. While when S >300 kg/m’ the friction coefficient of sedimentdaden flow was smaller than
that of clear water flow with the same Reynolds number and larger with the same unit flow rate.

Key words: Soil erosion Sediment load Overland flow Hydrodynamic characteristics

1 2013-03-03 20130326
*® 7 (2011BAD31B05) (20097X07212-002-003-602)
E-mail: zhaochunhongl987@ 163. com

E-mail: gaojianen@ 126. com



2013

80
2
0.01 mm
1
Fig.1 Supply system and experimental device
° of siltdaden flow
I. ( ) 2. 3. 4.
° 5. 6. 7. 8.
39
18
2.6x107" ~1.5x10 7 m’/s
36 o 2
2
0.01 mm
5 5x107*.7.5 x
107*.1.0x107°.1.25 x 10 °. 1.5 x 10 > m’/s.
(
) 0 ~400 kg/m’ 30,
’ 60.90.120.150.180.200.250.300.350.400 kg/m3
1
1.1
2009 10
' 8.0m. 0.5m. 0.25m 1o
2 0
(1) 3~4m4~5m.
i 5~6m6 ~7m7~8m 5
— 5 mm 3 °
( Mastersizer 2000 0. 01 mm.
Malvern Instrument Ltd. ) 3.5.4.5.5.5.6.5.
6. 58% 71.51% 7.5m 3 .15
21.91% 0.012 mm. s o 3 min
2.6 g/em’s 9°,
2 o 1 o
5h

Re o
0 30 min,



9 81
1.2 v=0.01775/(1 +0. 033 7t +0. 000 221+*)
v m’ /s
v, v, — C
v =aw, (n S,—
o O<a=l ds, mm
ol Fr f
Fr=v/./gh (5)
v=q/h (2) 8gRJ
) 1= (6)
q m”/s v
h— m g 2=9.8m/s’
Re R— R=h m
Re ="t (3) J
vm
2
v, m*/s 12
vm o 1 o
1"
2
v
= 4
vm 1 Sl, ( ) 2. 1
2 . /dy, 2.6 x107 ~1.5 x
1
Tab.1 Basic information of experiment data
h/mm v/mes ™! v, /mes™! Re Fr S
2.097 ~4.254 0.248 ~0.708 0.475 ~1.015 434 ~2 906 1.730 ~3.468 0.103 ~0.413
2.743 ~5.317 0.310 ~0. 684 0.684 ~1. 155 414 ~2 887 1.728 ~3.293 0.115~0.416
107 m'/s Re 434 ~2 906 o
( 1 S
Re °
3000 ¢, |
\*\\ )
= | _ o ) 3m2/s
o 2500 eyra, \'\ —o— ::”;:8 ::,:
o Rescoe " . Einstein " N 5 2000k v"‘&vx\\:‘\ i
1 = e T e, T 3.0X103mYs
N = 1500 -:"’_‘\s.\hk\&‘\vi‘
"~ 1000 -.__‘___‘_\.xi—-\-\.:.\:
H...\- e
500 ¢ -—
0 50 100 150 200 250 300 330 400
S ESkg.m3
2 Re
(4) . 2 Re Fig.2 Sediment load vs Reynolds number under
Re different unit flow rates
o Fr 1.73 ~
3.47 Fr 1.73~3.29
2
8~9 Fr °
. Fr 300 kg/m3
22% ( 3o S
o Re o 300 kg/m’  Fr



82 2013
R 08 r
: S ) . " 10X1073 m¥/s
19.47% y T \'\/*\‘ /;/_\._, —e— 15%10 -fm:/:
s 300kg/m'  Fr £-8 kDo Sy R TS
S N Lo e 25 :
<, \A\. e SRR s 3.0X107° m?/s
Fr '-13 L \A,‘JA,—WA\J‘ !
:;? R.\ g
T - " O ]
A i
° .\lmm._./i/
Fr 54 ol B A o T TR Y
0 50 100 150 200 250 300 350 400
° P ES/kg.m3
Fr 4
Fig.4 Sediment load vs mean flow velocity under
Fr different unit flow rates
07
—=— 1.0X107 m?/s
—o— 1.5X103 m¥s
~4— 20107 m%/s [6% °
== 2.5 X107 m?/s
—+— 3.0X10 m/s a .
0. 638
-
a =0.659 .
folle 5 i L LTS S 0.384 ~0. 678 0. 546 a
0 50 100 150 200 250 300 350 400
P HS/kg.m3 14.42%
3 Fr o 2
Fig.3 Sediment load vs Fround number under
different unit flow rates
2.2 5
[ o (63
10 Fr
o 300 kg/m’ .
0.25~0.71 m/s S 300 kg/m’  «
0.31 ~0.68 m/s o
11.90%
o 4
300 kg /m’
6
o
. S 300 kg/m’  «
03 °
18
64
° (63 ° (64 o



9 83
2 el
Tab.2 Statistical properties of correction factor o under different flow conditions
/kgem =3 e e a /% n
0 0. 698 0.522 0.638 0. 054 8.5 36
0 ~300 0.678 0.384 0.534 0.075 14.0 80
300 ~400 0. 657 0.478 0.577 0. 057 9.9 30
0 ~400 0. 698 0.384 0.554 0.077 13.9 146
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Fig.7 Sediment load vs friction coefficient under different unit flow rates
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