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Influence of muddy water concentration and particle diameter
on clogging of labyrinth channels
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nese Academy of Sciences Beijing 100049 China)

Abstract: A better understanding of the effect of suspended solids characteristics in muddy water on
labyrinth-path emitters is critical to prevent an emitter from clogging and select an appropriate water
treatment approach in drip irrigation systems. In this study the impacts of sediment particle size sediment
concentration and inlet pressure on the clogging level of the emitters used in drip irrigation systems were
investigated by means of intermittent muddy water tests scheduled with the Ly(3*) orthogonal design
table. The clogging level was evaluated with the relative average flow rate and irrigation uniformity
coefficient of flow through an emitter. The result showed that the clogging level is determined by sediment
particle size sediment concentration and inlet pressure but not monotonically related to a single factor.
The clogging level is significantly influenced by the inlet pressure followed by sediment particle size when
particle size <0.1 mm. In field irrigation practice it is recommended to filter the fine sediment particles
( <0.048 mm) and add dispersants to inhibit the flocculation of tiny viscous particles and so as to
improve the performance of emitters. The findings from this study will help enhance our understanding of
the clogging mechanisms of emitters and the use of high-sediment water in drip irrigation.

Key words: abyrinth path; granular matter; clogging; sediment concentration; particle size

: 2011 -08 -03
863 (2011AA100507)
(1972—) ( nwq@ vip. sina. com)
(1986—) ( luluhuzi@ 126. com)



L) - | IR =N

1/3
1
. Nakayama  * \Pitts  ° |
4 5
1/3~1/7
6 7
0.1 mm
0.01 ~0. 04 mm 0.05
mm
3
0.01 mm 5.
(
. )
79
1
1.1
1
¢ =16 mm
H=10 m go =3.0 L/h w=0.8
mm d=0.8 mm n=14
k=0.301 x=0.53.

N

© 1994-2012 China Academic Journal Electronic Publishing House. All rights reserved.

0.01 m 2 .
4 20 . 20

1

Fig. 1  Flow path structures of emitters
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Fig.2 Experimental layout of drip irrigation system
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Tab.1 Orthogonal test design according L, (3*)
factor levels

N p/MPa  m/(g-L7") D/mm

1 1(0.06) 1(1.0) 1( D <0.031)

2 1 2(1.5) 2(0.048 < D<0. 100)

3 1 3(2.0) 3(0.031 < D<0.048)

4 2(0.08) 1 2

5 2 2 3

6 2 3 1

7 3(0.1) 1 3

8 3 2 2

9 3 3 1

N:
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Fig.3  Variety of mean relative emitter discharge and C,
in emitter
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Fig.4 Factor index of flow reduction and feature parameter
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Tab.2 Statistical table of variance analysis
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Fig.5 Variety process of muddy water discharge
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Fig. 6 Variety process of mean emitter discharge and C, over irrigation times

n . 2.0 g/L
10 m 16
80% 75%
2.2 D <
0.031 mm
100
951
Q0+ —‘—\_f
E B e
o ::' —D<0°%,3lmm(l.03/L)
70l — 0.031 mm<D<0.048 mm (2.0g/L)
— 0.048mm<D<0.100mm (1.5g/L),
5 4 8 12 16 20 24
n/ K
1001
95
90
= 85
I 80
75| D<0.031 mm (2.0g/L
701 0:031 mm<D<0.048mm (1.0g/L
— 0.048mm<D<0.100mm (1.5g/L) ]
63 4 8 12 16 20 24
n/ik
6
0.031 mm < D<0.048 mm 2.0
g/L 6m 17
95% 90% 18
3 17
17
10 m 1.0 g/L
7
13
13
22 69%
46.02% . N

D <

0.031 mm 0.031 mm < D=<0.048

mm

1.5 g/

0.048 mm < D<0.100 mm

L 6 m
10 m 7

11

17 75%
57.14%
3
.D <0.031 mm

:0.031 mm <D=<0.048 mm

0.048 mm <D<
0.100 mm

© 1994-2012 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



I s> IR NN R T

<D<0.048 mm

mm

© 1994-2012 China Academic Journal Electronic Publishing House. All rights reserved.

3) D <0.048 mm

0.031 mm
D <0.031

( References)

. CFD

J. 2006 22(7) :188 —192.
Wang Fujun Wang Wen’e. Research progress in analysis
of flow passage in irrigation emitters using Computational
Fluid Dynamics techniques J . Transactions of the
CSAE 2006 22(7) :188 —192. ( in Chinese)
Nakayama F R Bucks D A. Water quality in drip trickle
irrigation: A review J . Irrigation Science 1991 12(4) :
187 - 192.

Pitts D ] Haman D Z Smajstrla A G. Causes and pre—
vention of emitter plugging in microirrigation systems
C . Gainesville: University of Florida IFAS Extension

2003.

I 2006 22
(4):395-398.
Li Zhigin Chen Gang Yang Xiaochi. Experimental study
of physical clogging factor of labyrinth emitter caused by
muddy water ] . Journal of Xi’an University of Techno—
logy 2006 22(4) :395 —398. (in Chinese)

. 2008(2) : 10 - 12.

10

11

12

13

Xu Wenli Li Zhiqin. Experimental study on clogging and
the capability of sediment rransportation about labyrinth
emitter J . Shanxi Hydrotechnics 2008 ( 2) : 10 — 12.
(in Chinese)

J. 2010 26( 3) :20 -24.
Ge Lingxing Wei Zhengying Cao Meng et al. Deposition
law of sand in labyrinth-channel of emitter J . Transac—

tions of the CSAE 2010 26(3) 120 —24. (in Chinese)

I 2009 25
(5):1-6.
Wang Wen’e Wang Fujun Niu Wenquan et al. Numeri—
cal analysis of influence of emitter channel structure on
suspended granule distribution J . Transactions of the
CSAE 2009 25(5) :1 -6. ( in Chinese)

M .
2002.

Zhang Jun Zhao Wanhua Tang Yiping et al. Numerical
investigation of the clogging mechanism in labyrinth
channel of the emitter J . International Journal for Nu—
merical Methods in Engineering 2007 70( 13) : 1598 —
1612.

M . : 1999.
ISO/TC 23/SC 18/WGS5 N4. Clogging test methods for
emitters S .2003.

J . 2011
29(2) : 175 - 179.
Zhu Delan Wu Pute Wang Jian. Effect of emitters
manufacturing variation of micro-irrigation on uniformity
and lateral cost ] . Journal of Drainage and Irrigation
Machinery Engineering 2011 29 (2): 175 - 179. ( in
Chinese)
Li Guangyong Wang Jiandong Mahbub ul Alam et al.
The influence of geometrical parameter of dental flow
passage of labyrinth drippers on hydraulic and anti-elog—
ging performance J . Transactions of the ASABE 2006
49(3) : 637 —643.

http://www.cnki.net



