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Rain splash and sheet flow mixed sediment transport mechanism
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Abstract: [Objective) Effect of raindrop splash on slope runoff and sediment transport was studied in
this paper. [Method]) In the indoor artificial rainfall simulation, different slopes (0°,2° and 4°), different
sheep flow thicknesses (0,2,4 and 6 mm) and different raindrop diameters (2. 22,2. 68 and 3. 04 mm) were
tested. The relationships between sediment splash erosion amount and the deep layer of water for single
raindrop splashing and between sediment splash erosion amount and sheet flow thickness for multiple rain-
drop splashing were analyzed and fitted. The relationship of sediment splash erosion amount of yellow soil
and raindrop kinetic energy under different sheet flow thicknesses was also analyzed. [Result] For single
raindrop splashing,splash amount decreased with the increase of sheet flow thickness, raindrop diameter
increased with the increased of disturbance layer thickness,and the average thickness of water resisting dis-

turbance increased from 10 to 14. 67 mm when raindrop diameter increased from 2. 22 to 3. 04 mm. For
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multiple raindrop splashing, sediment splash erosion amount augmented firstly then decreased as the in-

creased of sheet flow thickness. With same thickness, sediment splash erosion amount increased with the

increase of raindrop diameter. When raindrop kinetic energy remained same, sediment splash erosion a-

mount reduced with the increase of shallow flow thickness. When thickness did not change,sediment splash

erosion amount increased with the increase of raindrop kinetic energy. [Conclusion) This study established

the relationships between single raindrop splash amount and sediment layer thickness as well as between

sediment splash erosion amount and multiple raindrops splash amount.

Key words: artificial precipitation; shallow flow; mixed erosion; rain kinetic energy; raindrop splash;

sediment transport mechanism
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Fig.1 Schematic design of the rainfall device (unit;mm)
a. The rainfall device;b. Single raindrop splash device;c. Multiple raindrops runoff collecting device
1

Table 1 Characteristics of soils used in the experiments

(g - kg”f) (g- kgil) (g~ kgil) /% Particle composing
. . o~ o~ — ~10~ =50~
ot Mater (c);fs(?: niir(::;in ph()lsgthgz)lrus =2 pm <>1§ pm </510011m </188 pm =100 pm
Huangmian Loess 27.01413.89 1.1440.6 1.2140.66 5.9 49.1 24.7 12.2 8.1
soil
Lou soil Loess 14.6 1. 04 0.62 3.1 28.7 51.1 7.9 9.2
Heilu soil  Sandy Loess 7.54+2.5 0.065+0.035 0.1640.01 11.1 50.7 21.3 10. 4 6.5
1.3 )
1.3.1 . , PVC
1-a h(h o
) s PVC 6.8 m ,
P o s s
1 o , s
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3 s 5
) 5.6.7.9,12,16 , . )
s 90 , 0.4 s
mm 5% .7#.9% . 2 . e d>1.9 mm .
. 3,5.7.10 v=(17.2—0.844d) /0. 1d . (D
cm, , 7 .m/s;d ,mm,
. 3, 108 - ;
1.3.2
° 264 Erniu.A:Mo (2)
s 10 min, , 2
. 5 (A sm’;p , 1 X10°
) ) 15 . kg/m®;1 ,m/s; t ,S3
0.057,0. 228,0. 724 mm/min ¢ e
o 2 °
2
Table 2 Main raindrop parameters for artificial simulated rainfall
| /mm /m o/ / /(X107 D
Pin number dameren T A e
5 2.22 6.8 0.057 7.22 68. 16
7 2.68 6.8 0.228 7.73 78.17
9 3.04 6.8 0.724 8.52 94,97
1.3.3 | 1-c 1 | 9
2 1 . , ,
( 0°%,2°%, )
4%, o
1.4 2.1
. 2 ) . .
, s , , 2.22,2.68,3.04 mm ,
( 0. 02 . 2-a
mm) 3 , 2.22 mm ,
s 1 min ) \ 0.018 g/(cm’ » min) 0
. , ) 5 g/(cm? « min) , 0.013 g/(cm”® » min)
) 0 g/(ecm” * min), 0. 006 g/(cm® « min)
0°,2°  4°, 0,0.055 7,0.228 0.724 0 g/(cm?® » min); 7 mm
mm,/min, 0,2,4,6 mm, . . 0. 05,0. 04
.3 0.012 g/(cm? » min) , 2.22 mm
o 3 7 10 mm o
144 . ( yresd 2-b . 2.68 mm .
. . 0. 032 g/(cm® *» min) 0. 005
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g/(cm® « min), 0.021 g/(cm?® » min) 2.22 mm 3.04 mm

0.005 g/(cm® * min), 0. 009 g/(cm?® 10 mm 14. 67 mm,
min) 0.002 g/(cm?® » min) , , ,

10 mm, 2-c , o SPSS 21.0

3.04 mm , 0.032 g/(cm?® » ,
min) 0.006 g/(cm? * min), 0. 040 g=aln h+b, (3
g/(cm® « min) 0. 016 g/(cm?® « min), :q ,g/(cm® « min) ; h

0.009 g/(cm® + min) 0. 002 g/(cm?* -« ,mm;a,b .
min) , 10 mm,

2
A ;e ‘m.

Fig. 2 Relationship between single raindrop sediment splash mass and thickness of water layer
A. Heilu soil; . Huangmian soil; m. Lou soil
3.
3

Table 3 Relationship between single raindrop sediment splash mass and thickness of water layer coefficient

(n) /mm .
Soil Number of samples Raindrop diameter “ g Correlation coefficient
2.22 —0.015 0.035 0. 985
Heilu soil 12 2.68 —0.022 0.056 0.998
3.04 —0.025 0.067 0. 946
2.22 —0.008 0.019 0.995
. . 12 2.68 —0.014 0.037 0.970
Huangmian soil
3. 04 —0.019 0.051 0.899
2.22 —0. 005 0.012 0.928
. 12 2.68 —0.007 0.017 0.993
Lou soil

3. 04 —0.007 0.019 0.992

3 , 0. 899, 3. 04 mm , 0

o s 2. 68 , 4 .
4 0

Table 4 Flow depth with 0 splash mass under single raindrop splash

/mm Shallow flow depth

/mm
Raindrop diameter Heilu soil Huangmian soil Lou soil
2.68 12.749 13.053 14. 343
3.04 14.585 14. 647 15.094
2 , 2.22 mm «C D , 2.68 mm ,
7~10 mm, 2.68 3. 04 . .
mm 10 mm, 12.749,13. 053 14. 343 mm; 3. 04

mm ’ N ~
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14.585,14. 647  15.094 mm, 0.36 g/(cm?® « min) 13.04 g/(cm?® « min)
2.2 3.60 g/(cm?® * min); 2.22
mm s 0 6 mm,
3 , 0° , N N 0.37 g/(cm® « min) 7. 36 g/(cm?® -
2.22,2.68,3. 04 mm min) 1.98 g/(cm?® * min),
o 0° , \
, 3.04 mm, 0 o , s
6 mm, s
0.29 g/(cm?® * min) 21. 65 g/(cm® * min) ,
7. 03 g/(em® « min) ; 2. 68 .
mm, 0 6 mm,
3 0°
.. 2.22 mm;m. 2.68 mm;a. 3.04 mm
Fig. 3 Relationship between sediment splash mass and shallow flow depth with different raindrop diameters at gradient 0°

#. Raindrop diameter 2. 22 mm;@. Raindrop diameter 2. 68 mm; a. Raindrop diameter 3. 04 mm

y 0° : Qs ,g/(cm?® » min) ; A’
,mm;a.b R
’ : Oo
Qs=ah’*+0bh"+c, 4) 5,
5 0°
Table 5 Relationship between splash mass and shallow flow depth coefficient at gradient 0°
() /mm . )
Soil Number of samples Raindrop diameter ’ ¢ Correlation coefficient
2.22 —0.623 3. 888 1. 865 0. 882
. . 12 2.68 —1.026 6.679 1. 945 0. 841
Heilu soil
3.04 —1.809 11. 415 2.311 0.947
2.22 —0.494 3.073 0.467 0.915
. . 12 2.68 —1.134 7.582 0.063 0. 999
Huangmian soil
3. 04 —2.320 15. 644 0.472 0.988
2.22 —0.519 3. 185 0.795 0.901
. 12 2.68 —1.062 6.642 1. 006 0. 886
Lou soil
3. 04 —1.767 11. 255 1.574 0.814
4 ’20 b Y Y Oo 20 b
2.22,2.68,3.04 mm R
0° 2.3
b b A}
(2) o 4° ,
. N 2.22,2.68,
3. 04 mm , O
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4 2°
*. 2.22 mm; Q. 2. 68 mm;aA. 3. 04 mm
Fig. 4 Relationship between sediment splash mass and shallow flow depth with different raindrop diameters at gradient 2

#. Raindrop diameter 2. 22 mm;m. Raindrop diameter 2. 68 mm; a. Raindrop diameter 3. 04 mm

68.16X107%] 94, 97 X 107* J,
8. 23 g/(em’® » min)
17.42 g/(cm® » min),

o

’

(n=12)
Table 6 Relationship between sediment splash mass and
5 raindrop kinetic energy with different shallow flow

depths of Huangmian soil (n=12)

L 2 ;.2 mm ;A.4 mm /mm )
Fig.5 Relationship between sediment splash mass and Shallow flow depth ’ Correlation
raindrop kinetic energy with different shallow flow 0 46. 230 0.008 0.999
depths of Huangmian soil 2 9.596 0.015 0. 997
o Shallow flow depth of 0 mm;m. Shallow flow ! 2. 001 0. 021 0. 975
depth of 2 mm;a. Shallow flow depth of 4 mm
5 s 68.18X107*] 3
94,97X107*] ,0 mm i) s ()
8.23 g/(cm’ + min) 14.73 g/(em® » min), 2 (h) )
mm 27. 72 g/(em’® ¢ min) , g=aln h+b ,
42.35 g/(em? + min),4 mm 84. 07 2.22 mm 7~
g/(cm® + min) 104. 68 g/(cm? * min), 10 mm; 2.68  3.04 mm ,
SPSS 21.0 10 mm,
s , 2. 68 mm . .
, 12.749,13. 053, 14. 343
Qs=ae™"", )) mm;3. 04 mm . .
: Qs ,g/(cm® » min); Es 14.585,14.647,15. 094 mm,
, X107° Jsa.b . 2) , ( N N
) (2.22,2.68,3.04 mm) s
6. 5 6 (n'y 0 6 mm .,
, ) ) (Qs)
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