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LABORATORY EXPERIMENT: THE EFFECT OF THE OVERLAND FLOW
HYDRAULIC PARAMETERS ON SEDIMENT CONCENTRATION

Soil water erosion occurs through a combination of the detachment
and transport of soil particles by erosive agents such as splash, the
flow of surface induced by rain or both. Kinnell 2000; Lu et al. 2015;
Guo et al., 2015 suggest that the erosion process of sloping soils is
strongly influenced by the characteristics hydraulic surface flows
(flow regime, flow depth, flow velocity, shear stress, power and fric-
tion). The runoff can take various forms, from runoff to a very thin
layer of surface surface overland flow up to heavily drained concen-
trated in the rills, even gullies, caused by erosion. The objective of this
study was to try to find the influence of the hydraulic parameters on
sediment concentration. To overcome this study, an experimental
study is carried out in the laboratory using a rainfall simulator. This
study was conducted on a remolded agricultural soil collected from
the ITCMI Algiers (Technical Institute of Industrial Vegetable Crops)),
exposed first to a series of simulated rainfall intensities ranging from
30 mm.h' to 100 mm.h"; then the same soil, was subjected to the ac-
tion of rainfall and surface runoff, with a constant flow rate which
forms a water layer on the soil surface. That allowed us to find that
the effect of the overland flow on sediment concentration is very sig-
nificant.

Keywords: rainfall simulator; rainfall intensity; runoff; sediment con-
centration; flow regime.

1. Introduction:

The main variables that control the action of the runoff from the
detachment and transport of particles are the slope, flow velocity and
flow thickness (Gimenez and Govers, 2002). The redistribution of parti-
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cles does not necessarily promote the flow. It has been suggested that,
under certain conditions (in particular slope), flowing water erodes the
crusts it previously formed. Setting earth fragments motion by the im-
pact of raindrops is a process that takes place both on a free soil sur-
face than in a thin sheet of water (Green and Houk, 1980; Moss and Green,
1983). Several mechanisms are suggested to explain this set in motion:
either joint training of soil particles with the splash ring is an elastic
shock (Al-Durrah and Bradford, 1982). The impact of a drop on a surface
is @ complex phenomenon, for which the current fundamental physical
knowledge does not allow to propose a model of understanding (Range
and Feuillebois, 1998; Aziz and Liatim, 2018). Therefore, our study objec-
tive, to expose an experimental plot of 1 m? of a revamped agricultural
soil at different intensity values to artificial rain through a rain simula-
tor. Rain intensities used in the present study ranged from 30 mm / h to
100 mm / h; for each rain intensity, measurements of sediment concen-
tration were performed on a regular time of 4 minutes and that for
about 50 minutes. This time is almost the time for which the transport of
soil particles becomes zero. After experiments, the results obtained
showed us that sediment concentration is best correlated with overland
flow parameters such as Reynolds and Froude numbers and friction
factor (Manning roughness coefficients).

2. Material and Method

The experiments were drilled on the rainfall simulator, shown in
Figure 1, consists of a sprinkler system comprising a nozzle attached to
a calibrated nozzle, mounted on a movable arm and supplied with water
at a constant rate by a pump spraying a floor pan of a square meters
(2 meters long and 1 meter wide) atop a pyramidal tower. This in turn
allows the attachment of a cover to isolate the parcel from the wind. The
speed of swinging the arm controlled by a DOP drive adjusts the desired
rain intensity. This same rainfall was used by Aziz and Liatim, 2018.

Six simulated rainfall intensities were produced by two types of
spray nozzles: TEEJET SS 65 60 and H % VV 8008 whose values are:
31.40 mm / h; 37.82 mm / h; 69.49 mm / h; 81.85 mm / h; 90.39 mm / h
and 101.94 mm / h.

The flow rate of water-sediment mixture is removed from the
compartment 10 shown in Figure 1, a test piece of 1000 ml at 4 minute
intervals. Then a volume of 100 ml of this mixture is charged in a glass
beaker and put in an oven at 105° C for 24 hours; it can measure sedi-
ment concentration. This process was repeated in five tests for each
rain intensity.
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Fig. 1. Schematic representation of the rainfall simulator.
1) Jet nozzle; 2) Movable nozzle; 3) Metal gantry; 4) Tank 600 liters; 5) Gate valve;
é) Pump; 7) Pressure gauge; 8) DOP Drive; 9) Soil Tray 2 * 0.5 m?%
10) Waters collection compartment; 11) Slope device setting

3. Hydraulic parameters

3.1.Reynolds number (Re)

This number, which represents the ratio of inertial forces to fric-
tional forces, is the classification parameter for laminar, transient and
turbulent flow regime. The formula usually used for shallow free sur-
face (Savat, 1980; Gilley et al., 1990, Abrahams et al., 1995 and Pilotti and
Menduni, 1997) is given by:

Rre=2BiVn. (1)
v
R,— Hydraulic radius; in m;
V» — Mean flow velocity; in m/s;
v — Water viscosity ; in m%s.

For runoff, where the depth (h) is small compared to the runoff
length, we can made Ry=h.

This expression of the Reynolds number is used by several au-
thors (Pan et Shangguan, 2006 ; Hui-Ming et Yang, 2009; Peiqing et al.,
2011 ; Alietal, 2012 ; Guo et al., 2013b, Zhao et al., 2015 and Aziz and Lia-
tim, 2018). The equation 01 can be expressed as:

Rezhﬁ.
v

(2)
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3.2.Froude number (Fr)

The Froude number (Fr) is determined as the ratio of the forces of
inertia to the forces of gravity, Fr <1 and Fr> 1 indicate the occurrence
of a stream flow and a torrential one, respectively. On the other hand,
we speak about the critical regime when Fr = 1. It describes the effect of
the change in depth on the characteristics of the overland flow, it is ex-
pressed by : (Pan et Shangguan, 2006 ; Hui-Ming et Yang, 2009 and Aziz
and Liatim, 2018)

Fo=—m (3)
Joh

V» — Mean flow velocity; in m/s;

h — Flow depth; in m;

g - acceleration of gravity; in m/s?.

3.3.Manning Roughness coefficient (n)

The overland flow resistance factors are represented by the Dar-
cy-Weisbach (f) and Manning coefficients (n). Emmet (1970) reported that
roughness has the effect of increasing the depth of flow by up to 30%.
Savat (1980) underlined the importance of soil roughness when he stud-
ied flow resistance in supercritical flow on corrugated sheets, he found
that wave size can reach twice the mean depth of the flow.

The Manning Roughness coefficient (n) is expressed by:

2

3 0.5
n:th . (4)

m

3.4. Sediment concentration (Cs)

The sediment concentration is defined as the ratio of the dry mass
of sediment to the flow volume. (Mouzai,1992 and Pan et Shangguan,
2006). It illustrates the ability of surface runoff to erode and transport
sediment.

Sediment transport for overland flow has been studied by Julien
and Simons (1985) using dimensional analysis, the equation related the
sediment concentration to a power function of flow rate and slope. A
vague conclusion can nevertheless be drawn to state that the sediment
concentration increases with the increase in flow rate.

4. Results and discussions

4.1.The relationship between sediment concentration and
Reynolds number:

From Figure 2, the relationship between sediment concentration
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and Reynolds number follow an exponential law. The evolution shows
that the flow regime expressed by Reynolds number is very correlated
with sediment concentration with an increase equation: Cs = 0.306%07e)
with a high coefficient of determination of 0.95. We can say that, the
sediment concentration values increase with the Reynolds number val-
ues for the six rainfall intensities.
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Fig. 2. Relationship between the sediment concentration and the
Reynolds number

4.2.The relationship between sediment concentration and
Froude number:

From figure 3, it is noted that the sediment concentration decreas-
es with in Froude numbers.

The evolution is represented by the exponential function: Cs =
32.31e92F) with a coefficient of determination R? = 0.91. In other hand,
the values of the Froude numbers calculated in this work were less than
1. The flow regime, observed for the six rainfall intensities were torren-
tial. This turbulence can be the reason of the decrease observed in this
case.
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Fig. 3. Relationship between the sediment concentration and the Reynolds
number

4.3.The relationship between sediment concentration and
Manning Roughness coefficient (n):

Manning's roughness (n) is a parameter calculated as a function of
flow velocity, flow depth and soil slope in this study. This parameter is
linked at same evolution with Froude numbers with the sediment con-
centration, this relationship is shown in figure 04. The regression func-
tion is so an exponential function with a high coefficient of determina-
tion R? = 0.89. During the tests, some observations were made; for each
rainfall intensity, the roughness decreases with time and at the end of
the test, a smooth surface appeared, in particular on the end part of the
soil pan. This observation is explained with the decrease of the sedi-
ment concentration with the Manning's roughness coefficient.
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Fig. 4. Relationship between the sediment concentration and the Manning
roughness coefficient (n)

5. Conclusion
In conclusion of this work we can say that the comparison between
the sediment values of sediment concentrations with the flow regime
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and Manning’s roughness coefficient, we can say that, the relationship is
highly correlated and gives us the information that sediment concentra-
tion values increase with flow regime and decrease with roughness of
the soil surface. Our results are consistent with the principle of Kinnell
(1990), only the turbulence created by the impact of drops has a suffi-
ciently large shear force to break off the soil surface particles.
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A3i3 Maaniy, K.T.H., goueHT 6yaisenbHoro ¢pakynbreTy (YHiBepcuter
HayKu i TexHonorin iMmeHi Xyapi BymegbeHa, Anxup, Anxup), A6aep3ak
MycyHi, K.T.H., poueHT (YHiBepcuTeTCcbKMI LeHTp Minu iM. A. Byccyda,
Mina, Anxwup), Jliatim My3ai, K.T.H., npodecop 6yaisenbHoro
dakynbTeTy (YHiBEPCUTET HAayKM | TexHoNOrIN iMeHi Xyapi BymeabeHa,
Anxxup, Amxup)

NABOPATOPHUIW EKCMEPUMEHT: BMJIUB rAPABJIIYHUX
NAPAMETPIB NOBEPXHEBOIO MNOTOKY HA KOHLEEHTPALIO OCAAY

BooHa epo3ia BinbyBaeTbcsA 3aBAAKM NOEAHAHHIO BiAlIApPyBaHHA Ta
TPAHCNOPTYBAHHA YAaCTUHOK IPYHTY epo3ilHUMKU ¢PpaKTopaMu, TaKUMM
SIKk BOOAAHWIA CNJIeCK, NOBepXHEeBUA NOTIK, BUKIMKAHMWA polieM, abo i
1M, i iHwuM. Kinnell (2000); Lu Ta iH. (2015); Guo Ta iH. (2015) npuny-
CKalTb, WO Ha npouec epo3ii NONOrMx FPYHTIB CUIbHO BNJUBAKOTb Xa-
PaKTepUCTUKU rigpaBniyHUX NOBepXHeBUX MOTOKIB (peXXuMm noToKy,
rnMbuHa NoToKy, WBUAKICTb NOTOKY, Hanpyra 3cyBy, NOTY)XHIiCTb Ta Te-
pta). CTik Mo)Xke HabyBaTu pisHUX ¢GpOpM, NOYMHAKOYM Bif CTOKY i 3aKiH-
YYHOUM AYyXKe TOHKUM LUApPOM NOBEPXHEBOro NMOTOKY aX A0 CUJIbHO Ape-
HOBaHMUX KOHLEHTPOBAHUX NOTOKIB, CNPUYMHEHUX epo3icto. MeTolo Lbo-
ro pociaimxeHHs 6yno cnpobyBatu BUABMTU BNJIMB rigpaBaiYHUX napa-
MeTpiB Ha KOHUEeHTpauilo ocaay. [ina nocnipkeHHsa uboro B naboparo-
pil NpoBOoAMNM eKcnepuMEeHTaJ/ibHe AOCAIAEHHA 3 BUKOPUCTAHHSAM
iMmitatopa onapis. Lle pocnimxeHHa 6yno npoBegeHo Ha BigHOBJIEHOMY
cinbcbKorocnopapcbKoMy rpyHTi, BigiopaHomy B ITMOK Amxup (TexHi-
YHUI IHCTUTYT NPOMUCIIOBUX OBOYEBUX KYNbTyp), nigpaHoMmy paii cepii
MoaenboBaHUX iHTeHcMBHocTen onaais Bia 30 mMm/roa oo 100 mm/rop;
noTiM TOW CaMMUM I'PYHT, 3a3HaB Ail onaaiB i NOBepXHeBOro CToKy, 3 Noc-
TiINHOIO WBUAKICTIO NOTOKY, IKa YTBOPIOE LWIap BOAW HA NOBEpPXHi FPyH-
Ty. Lle po3Bonuno HaM BUABUTH, WO BNJIMB NOBEPXHEBOro MOTOKY Ha
KOHLeHTpauilo ocaaiB Ay)Xe 3Ha4YHUMN.

KnroyoBi cnoBa: cuMynaTop onaais; iHTEHCUBHICTb ONaAiB; CTiK; KOHUe-
HTpaLUis HAHOCIB; PEXXUM Teuil; NiLaHUNA I'PYHT.
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BymegbeHa, Amxup, Anxup), A6aep3ak MycCyHH, K.T.H., BOLEHT
(YHuBepcuteTckuit ueHTp Muna um. A. Byccyda, Muna, Anxup), Jinatum
Mysa#, K.T.H., npodeccop (paKynbTeT rpa)kaaHCKOro CTPOUTENLCTBA,
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NABOPATOPHbIN 3KCMEPUMEHT: BJIMAHUE TMAPABJIMYECKUX
NAPAMETPOB NOBEPXHOCTHOIO NOTOKA HA KOHLEHTPALIUIO
OCAQKOB

BogHas 3po3us npoucxoguT OGnarogaps COYETAHUIO OTCJIOEHUA M
TPAHCMOPTMPOBKMU 4YacTUL, NO4YBbl 3PO3UOHHbIMU (aKTOpaMMu, TAaKUMM
KakK BOASHOW BCMNNECK, NOBEPXHOCTHbIA MOTOK, Bbi3BaHHbIN A0XAEM,
unu Tem n apyrum. Kinnell (2000) Lu v ap. (2015) Guo m ap. (2015)
npeanonaralT, YTO Ha NpPoLecc 3po3Mu NMOIOrMX NOYB CUJIbHO BUSAIOT
XapaKTepUCTUKN rMApPaB/INMECKUX MOBEPXHOCTHbIX MOTOKOB (peXum
NOTOKa, rMy6MHa NOTOKAa, CKOPOCTb MOTOKA, HanNpshKeHue CMeLleHus,
MOLLHOCTb U TpeHue). CTOK MOXKeT NPMHUMAaTb pasfinyHblie GpOopMbl: OT
CTOKa A0 O4YeHb TOHKOrO CJI0Si NOBEPXHOCTHOIO CTOKA M A0 CUJIbHO Ape-
HUPOBAHHbIX MOTOKOB, COCPEAOTOMEHHbIX B pPy4YbsiX, AaXKe B OBparax,
Bbi3BaHHbIX 3po3uen. Llenblo 3aToro uccnepgoBaHus 6b110 nonbiTaTbecA
BbiIIBUTb BJIUSSHUE TMAPABJUYECKUX MapaMeTpPoB Ha KOHLEHTpauuio
ocaaka. [ina uccnepoBaHusa 3Toro B nabopaTtopum npoBOAUNM 3Kcne-
pUMeHTaNnbHoe uccnepoBaHue € UCMOJIb30BaHUEM UMUTATOPA OCAAKOB.
310 UccnepoBaHue 6bl1I0 NPOBeAEHO HA BOCCTAHOBJIEHHOM CeJIbCKOXO0-
39ACTBEHHOM rpyHTe, oTo6paHHoM B UTMNOK Amxup (TexHUueckuit MH-
CTUTYT NPOMbBILJIEHHbIX OBOLHbIX KYNbTyp), NoAAaHHOMY AeWCTBUS
cepuum MopaenupyeMbiX MHTEHCUMBHOCTeM ocagkoB ot 30 mMM/u o
100 MM/y4; 3aTeM TOT XKe FPYHT, noTepnen AeMCTBUA 0CaAKOB U NOBepXx-
HOCTHOrO CTOKa, C MOCTOSHHOM CKOPOCTbIO MOTOKA, KoTopas obpasyer
cNoun BoAbl HA NOBEPXHOCTU NMO4BbI. ITO NO3BOJIUIO HaM BbISCHUTDb, YTO
B/INAHWE NMOBEPXHOCTHOrO MOTOKA Ha KOHLEHTPALUMI0 OCAaAKOB O4YeHb
3HauYUTEeNbHO.

KnrwueBble cnoBa: cMMYNATOpP 0CafAKOB; MHTEHCUBHOCTb OCaflKOB; CTOK;
KOHLIEHTPauus HAaHOCOB; PEXXUM Te4YeHUSA; NeCYaHbI rPYHT.
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