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W KPR A A WKWK AN
1 mx0.5 mx0.5 m {7 R, Lot [ e HEEEpL,
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BT & TAE R, 50K SR 0.01 m /K
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PRSI 1A] P, 3 S AN RIS 0 RS 237 . ks

EWE 1R,
ij

b. Kb A4
b. Water tank

a PAFH

a.Test apparatus

1. KRG F K&K % Water tank and pump 2. Hifii Computer
3. AWM Frequency conversion box 4. #E/K# Emitter 5. fiiflni4e
Agitators

B 1 FEKREMNKFETER
Fig.1 Schematic diagram of Experimental layout of a drip
irrigation system
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FEK R R ERBE P SR Sk g e E L
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N INERAS FERERE,  DAAR FHREE /K FeAR v S,
IEUHEBE K TP B IRIE (IR E<0.1 g/L) 1)
5L, BOBEKEVE 0.5, 1,00 1.2 1.3 A
1.5 g/Lo ¥ FErh Ik JitE e N 0.1 MPa.

D AN [FPREAR AR ELATE YRR Sk B ZE R 520,
IR BORIR A5 R, WE TR 2 sl 3 ik
VORI, BCE RSV R 1.0 g/L VK THUE 2
TG0 A CHE 7 IS T1) L5 98 7K I 1) 18] B .45 % 30 min,
2 KA 2 AN T 50%I0 45 11
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Table 1 Test numbers and particle size

R B

D D D4 D D2 D1
Numbers 6 3 3
WUk 55 R
ANRGT A
Proportion <1/500 3/100~ 19/500~ 1/20~  3/40~ 1/10~
between 1/500 3/100 19/500 1/20 3/40
sediment and
flow channel
KD ) 00p 0:02<  0.03< 0.038< 0.05< 0.075<
Size/mm ’ D<0.03 D<0.038 D<0.05 D<0.075 D<0.1
Fz2 RiVRELE
Table 2 Sediment gradation
%
K45 No. A B C
0.05<D<0.1 mm 14.45 27.17 58.38
0.03<<D<0.05 mm 38.30 13.20 48.50
D<0.03 mm 56.32 23.55 20.13
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BB I 0 23 A e e S v &k 0.5, 1.0 F1 1.5 g/L
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Fig.2 Variety process of mean emitter discharge and C, over irrigation times and different size
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D3. D6 Feilif& v 0.5 g/L vEKIEK 16 K5,
AR g, 27 Bk 73.67%F1 65.40%, HE/K 9 K5,
C o3y 88.41%H177.33%, 245 b3 1.0 g/L i,
q, 5 C,BUE AR V&N 0.5 g/L I, ULIAFES
WEAKRT 1.0 g/L B, ZRAR Brle b 6 i Sk 1 2 11
MR/ XN D3 I PRI AS 2 Rk
M, D6 ki, /KIS 3 g i 2,
BitE i h K BT, Nz BB b,
SR, FrLkife D3 FI D6 5 B ZE A
HEK. Kite D1, DA VEKAES V&N 0.5 g/L I,
WEZK 14 WG g M 30% 2547, HEK 9 IRJG CANZT N
15%, 4&vbah 1.0 gL i, K 9 Ik, kifs
D1 5 D4 (PR 42 35.56%F11 45.40%,
VLRI AEAR S VbR (0.5 g/L) 44N, 162 Rk
B KA Sy 5 | Sk M 28, HIRJERE e b
VP B T i bR R . X Rl D1 ORI K,
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Fig.3 Changes of C, with irrigation times
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s I B ORI BOAHNT LRSI AT, HEK 8 IR,
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SRR BRI &5 R AHIAE: RIRBEA 0.075~
0.1 mm [ vb MR I 2 51 i Sk 3% 2, RifeB D<
0.03 mm [FYe V> kA b 5 1 i S 15 %€ .
2.2 EEXHLEENEM

Bl 4 8 6 BRI B KHEK 9 IR, TmPEIE S
TUENIARERE. NE 4 TUEL, &S
HIEK, MEMKFIRESEEEEA, YT eETE
B 1.5 g/L W, B ks Bag K ¥ i s Sk sk
96, Hih, Rift D1 FI D4, Sk i B R0 bl v b &
(P3G T, AR R k3% 2 R IR ) 50%0158
TR (IR 3) , 53 50%5 JE R I HE K IR H b
TV BRINTERE D . SE VRN 1.0g/L I, P
BB RIAEREAK 7 WS 9 WJE kI E M
50%, BEHX 2 FiokifeBabas s e Sk 2. i
itz D3 fl D6, HbE/NT 1.0 g/L i, ki
AR, 50%30 Sk 15 FE 2 i 75 R HE /K I B 20 20
U, M S BN T 1.0 g/L I, 3X 2 Pk iR B
RV L G LI %E . kifd D2 f1 DS, {&vbe
34 0.5, 1.0 g/L B, i BRI 35%~40%
200, 50%3% FE R MK IR BOEE AR A, 1598
A THRi42 D1, D4 5%if% D3, D6 ZJil. Zie
ST, SGEVPEARKRT 1.0 g/L I, R sty 2E
MEER R, FESEENBURRZE, Y&YE
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Table 3 Irrigation frequency of emitter clogging rate reaching

to 50%
B
Sediment D1 D2 D3 D4 D5 D6
concentration/(g-L™")
0.5 10 11 >20 11 17 19
1.0 7 11 19 9 18 18
1.5 6 5 8 6 9 7

MR e B FE G S v Ea I, A
1.0~1.5 g/L Z (W30 T 1.2 f11.3 g/L 2 &bk
-, FFEREE S B SRS D2 FIXERE FERIAR D6 HHT IR
55, B S hREKI S B R A HE K A AR A i £k

M 5 WTUUEH, fEkifR D6 44K, “Evb
A 1.0 g/L B, K 9k, s RIS AR5 B R 4L
{1524 53.40%, 4&VPEH 1.2 g/L I, kR
B 50%IT5 T 12 UGHEK & E TR 1.3 g/L
N, WEAK 7 WE, wRMIERNSE REEE
1538%, RGKRAETVERIE, UEWEL DI
FE] 1.5 g/L I, 9 YGRE/K ve BUT SR AR I A R EUR
1.3 g/L WAL FEAR 3%; Kife D2 4&cfF ., &b &EH
1.0 g/L EF+% 1.2 g/L B 5) BE ARG BE A A [A], 75
W 1.3 g/L I, FEK 6 IR, wIR SRS
RHECH 18.62%, HEW RN 1.5 /L WAHEL, &5
GONTIANA: HEYEHR 1.2 gL ¥inE 1.3 gL
I, 5% Rk R RS fe S vb RN 1.3 g/L 3
2] 1.5 g/L i, W3k 3 B G DUEEASAH A . htk
LM, g R SR E IR A SV EAN T

a. WkTEdatE o
a. Emitter completely clogging

d. JIEsEa
d. Emitter channel clogging

b. B O RIE e A
b. Inlet and channel clogging

e. HiHsEaIkdE
e. Emitter outlet clogging

He6 ®gREHEFY

1.2~1.3 g/L Z I,

ik
Sediment concentration /(g-L™")
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Coefficient of uniformity
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KU Hin

Irrigating frequency

a. fif% Sediment particle size D6(<0.02)/mm

Coefficient of uniformity

KX Kn

Irrigating frequency

b. ¥if% Sediment particle size D2 (0.05~<0.075)/mm
B S5 RS EFEMNTHOEABERRE T XA
Fig.5 Changes of Christiansen uniformity coefficient with
irrigation frequency under various sediment concentrations

2.3 HENESH
WIS A, R T, JRZETE 360 I
Wik, HEEDNGOUILE 6, Fuit iR 4.

-

c. WEATE4IkIE

c. Emitter inlet clogging

f. Fi oy g
f. Emitter partially clogging

Fig.6 Illustration of emitter clogging in labyrinth-channels

x4 HRERIFRGEITR

Table 4 Summary of emitter clogging

WEEATE SE45H4 %€ Completely clogging oy bk
Location HE Inlet Vi Channel — #F+/ii Inlet and Channel i1 Outlet Partially clogging Unclogging
3540 Emitters 71 32 13 29 155
Lt Proportion/% 19.72 8.89 3.61 8.06 43.06
MF 4 ] UG, e ISR IEA 176 4, RAEFEA AT 7.39%.

T AR Sk 1 48.89%, R A3 FE T LT 85.85%
S84 b FE 1K) Sk A 3R RN 4 JF 900 6 Ak S 8 26 R A
FI TN E, e A 26 L1 92.61%, 1t H 11 4b

NI Do T eV G5k, LTS 6 Floki
R IRV V0 5 B ZE YR V0 1) B3 W 1 AT 0t
te, UL 7.
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a. D1 JBUIRJE¥ (0.075~<0.1mm)
a. D1 Original state sediment

b. D1 ¥ 3E0e¥p
b. D1 Clogging sediment

c. D2 JFARIBY (0.05~<0.075 mm)

d. D2 i 3Eie >

c. D2 Original state sediment d. D2 Clogging sediment

f. D3 i 2EiR b
f. D3 Clogging sediment

e. D3 JiUiki¥ (0.038~<0.05 mm)
e. D3 Original state sediment

g. D4 JFURIEYS (0.03~<0.038 mm)

h. D4 ¥4 3E9 V>

g. D4 Original state sediment h. D4 Clogging sediment

i. DS J5URIEYS (0.02~<0.03 mm)
i. D5 Original state sediment

j- D5 SBIEJYS
j- D5 Clogging sediment

1. D6 ¥ IEPe Vs
1. D6 Clogging sediment

k. D6 J5URJEY (<0.02 mm)
k. D6 Original state sediment

B 7 TREAZERARAEERY & T RN E A

Fig.7 Pictures of original and clogging sediment in different size observed by electron microscope
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PTb vl T e A e NPT = N 7 e RN b
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M FEPe P R AR, LR %, B
BN A U B URE AR 23 A ZINORE T 8 1) 28 ]
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BOREEEAE i, R AR B R AR A e 5
IIMER N UK, TERARESMER NAH RS, Rhigh
S, USRIV RS, AR AR R, R
TE SR 2E, AR TR AR BOROR N, )
BEBI D RO HER R R Al A, fEE S B
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AT THEFL, RIS R, 9Bk T-iiE s/ R
SPIR 110 W), R 2 8] By e AR Al T e S ROk DT
BUE R ZE ;s R0 KT E SN RSF) 1/6 B,
WKL 2 W) Sy A B E R, RIADIRR SR TE . 1%
TRG 45 IR 5 SR 1-15] 1306 5 S 3L AR T EIE .
ESCHRII7IIFE R, Mg &b E—eEn, A
WAL K /N i B /b RSFI 1/10~1/6 (0.01 ~
0.04 mm) WA 53 i Sk (135 €, 1 A58 20 By
G LR AR BAAE 0.03~<0.038 mm I, 55 i
SKIGE, 5T US4 RATAE 2257 . IXJE A
R RGOSR BB AU R /N R R, A
Z 8T RARAE 0.01~0.04 mm JEFE P, BORLAE K
PRBEPERSE, ZyBEAKTH, 120 T /INROR AL i
R ORhgh . BEHERHE, ZEROCEN, i3t
A% 220 Sk o ) BR A USIT gy e w], kAR VE L AE
0.075~<0.1 mm [ 70 Bk X 1 ZE 18 5% i AS & 1R
Ky SRR LR A, IReERY 2 ikt
PEOT SR S5 AR, RIS KR 22 ok, X3
HEATIRIE A I 18] AR 12 A5, F BRI T 3°C,
MA YGRS 32 AE 6 I 58k, /Kl 15C A
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Influence of particle size and concentration of sediment on clogging of
labyrinth channels emitters

Wu Zeguang!, Zhang Zizhuo!, Zhang Kemeng!, Luo Chunyan!, Niu Wenquan**, Yu Liming®
(1. College of Water Resources and Architectural Engineering, Northwest A&F University, Yangling 712100, China; 2. Institute of
Soil and Water Conservation, Chinese Academy of Sciences/Ministry of Water, Yangling 712100, China;
3. School of Hydraulic Engineering, Changsha University of Science & Technology, Changsha 410114, China)

Abstract: Drip irrigation technology is widely used due to its advantages including high efficiency water saving,
ability to adapt to the terrain and so on, but the problem of emitter clogging has been always a baffled to
researchers. Emitter clogging basically has three classes, respectively is physical clogging, chemical clogging and
biological clogging, of which the most common is physical clogging and it is represented by sediment clogging.
Studies show that even if the irrigation water after precipitation filtration, there is still have particle size of
sediment particles which are less than 0.1mm get into the emitters causing emitter clogging. However, previous
studies on this problem multi-use of computer simulation method to research the influence of emitter
anti-clogging by emitter structures, test verification is relatively rare and most studies only from a macro
perspective to observe emitters clogging, no in-depth study on the clogging mechanism. In addition, the previous
researches presents the sediment particle size range which are easily lead to cause emitters clogging need further
verification, sediment concentration corresponding in different size which are easily to cause emitters clogging
needs to be studied in-depth. So in order to investigate the influence of sediment particle size and sediment
concentration on the clogging processes of labyrinth channels emitters, periodic intermittent drip irrigation
experiments were carried out using muddy water containing particles with 6 different particle ranges (all less than
0.1 mm) which were screened by means of sieving method, each particle size range of sediment are formulated to
0.5,1.0,1.5 g/L of muddy water. Each irrigation time is 30min as same as the test interval, emitters flow collect
real-time and replace new pipes after the end of each group of treatment. In these experiments, the changes of
flow discharges were measured under a constant pressure and after the end of the trial clogging emitters are cut to
dried in the natural state, then collect the sediment which depositing in the labyrinth channel, at least the locations
of sediment clogging were observed using electron microscopy and take picture to compare the difference
between the status quo sediment and the clogging sediment to proven mechanisms that cause clogging of sediment
particle size in different range, it also provide a theoretical basis for how to select the appropriate filter. The
results show that, the sensitive sediment particle range that cause easy clogging is depending on the sediment
concentration. When the sediment concentration is less than 1.3 g/L, particle size is considered as the main cause
of clogging. The most easily cause clogging particle ranges are between 0.075-0.1 mm and 0.03-0.038 mm;
particle ranges from 0.05-0.075 mm and 0.02-0.03 mm are lesser; while the ranges that most difficult to cause
clogging are 0.038-0.05 mm and less than 0.02 mm. When the sediment concentration is greater than the critical
value that between 1.2-1.3 g/L, the effect of sediment particle size on clogging is weaker and sediment
concentration becomes the main factor to cause clogging. The results also appeal that sediments can easily
condense into aggregates to get drippers clogged when the sediment particle size range is less than 0.038 mm.

Key words: particle size; sediment; irrigation; sediment concentration; labyrinth channel; emitter; clogging
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