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AARE & B AT VYD B+ Dh BE I KA A it B 3R
AERVE A R, KA AR 2 m, 0.5 m IR AR A4,
BEATHEK IR, TR 45 5 R e KR
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A E W 1 R,

REEK R N R R R i, LR AR
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Fig.1 Schematic diagram of testing apparatus
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HAH (7 0.8 g/L) 1ENME, ek EwE (m) 4025,
0.50. 0.75. 1.00. 1.25. 1.50. 1.75. 2.0g/L, W& 1. ¥
IKEEARIG R 7Kk (ED HAGE R T 10 m.
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Tablel Sediment particle size distribution for each treatment

R0 T o LR KR 5 ChEHD
e R4z /mm - -

KT Gty 475/% Bkis% Fiki/%
D 0.075~<0.1 85.89 3.68 1043
D, 0.061~<C0.075 62.94 19.02 18.85
D; 0.058~<<0.061 71.21 5.97 23.02
Dy 0.045~<<0.058 21.31 4541 33.28
Ds 0.038~<<0.045 30.2 56.66 13.14
Dg 0.034~<C0.038 16.31 30.31 53.38
Dy 0.031~<<0.034 14.61 3235 53.04
Dy <0.031 10.68 28.74 60.58
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Fig.2 Effect of sediment concentration in muddy water on emitter
discharge and Christiansen uniformity coefficient (C,)
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ARG LA 75% 8005 it 1 2 AF 0 15 FEAREE, 8 M BOALs:
SiJE, Gt REKARI N, A RWEE 2 Fras. W
RSO 144 A, JLrh R W N R LR AR 0
IREK AR AN B 4 A HEZKAR 0K B 0 W [ & 26 3 0
ISEIEMIANECH 14 A ARG i TR RAR DN, K
A MARTE R SRR B 0 ISR TE IR ZEI S N
0. FLASFIRARSAT T IRE K2R IE FE MG DURTE , Rl
FRWRL Dy Dyy D3 Dyv Dsv Dgv Doy Dy i3 2H 1% JE 3
IKEREE LLB 5500 6.67% 6.67% 26.67%- 13.33%.
6.67%- 26.67%- 20%. 13.3%.

F2 EKBEHEEFERGITER
Table2 Summary of emitter clogging
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Fig.3 Illustration of emitter clogging in labyrinth-channels
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Fig.4 Impact of particle size distribution on relative flow
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Table 3 Classification of clogging level based on sediment
particle size range

D8

itk 7€ oy 4% 9 W o9 15 9

‘ 0.075~<0.1
Rift/mm 0.038~<0.045  0.061~<0.075 0.034~<0.038
<0.031 0.058~<0.061  0.031~<0.034

0.045~<0.058

2.3 RvENEBEKFBEENTN
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MR ZETT 22000, RILE VDS K 53 FE i AR )3
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TR A5 B BT A AR e B K B DG R
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A SR RGOSR, BRI HE K PR A
REEG R R TR A 957 025 g/L Y,
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Fig. 5 Effect of sediment concentration in muddy water on change of flow discharg
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FEAGIRE T, WEKAS T M5 C, HREKIREL
Z IR BT 6 Pras. MK 6a B H, &b &
Bm (2.0 g/L) , M FERIR P RAR AL KR A 2 ks
PR VE AR ARAME AR AT 98, TR ) 3 FE JORE ALV /K
PEBAR (1.0 g/L) I, 5Lk 42 2 75 7K 5 i e /K
PE IR TE o B3 IR S T SR RAT ALV KRR 2R 6
UGG, BT RAERHESRE, REIFHHIE R,
HEIK 16 KGR B 75%brEim i LA R o T HERS ZE R AR 417
IKFESE 11 KRG, WMEEIHE TR, #K 22 WE,
MEMKR KT 75%FRUETR . HEK 28 tE FE R FEEK
BISIRER R, M 6b v LUE Y, HEss ZERIAT AL BT
TP, CYBEKIKE 14 K5, WK C>80%, 1T i
FER A BT AE By R, WEKIREL 10 K5,
Cy<80%. _FIRIRIG 285 UGAIE T 3 FE MUY VD URLAf SE AT
16, i s ZE R BUER 124 0.031~<<0.038 mm.
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Fig.6 Effect of repeated irrigation on flow discharge and
Christiansen uniformity coefficient

3 it it

DA R AR 70, RS TE LTE &5 14 e /)
JUSFI 1/10~1/6 I A 5 i e 281, SR OB UL R 15 8
R R IEAHC KR, MR RKT 0.05mm B, #EKZE
B FER G IS R B AR B It SR B 9T 45 B S A S
R0 &5 RAFAE— e 2= 0k, 0 Rk AAE B

FEH JCIEASE UL 0 /INUREAE i 8l 0 P P e 4 2L S 0, R
TR R B E PR 8, JeybRRLAE (Di~Dy)
KIS, A3 FE 1 E BAE H D b v B K S i RE S . T
FERIHERL, U VDRI NN, AR FEM AR
Sh JORE (1) 2 THG PR 5 0 BB R T A 5 2 T R R B AR
Mo 8 BPriR, 48 A ROMURLE v EK RERE RS, 8] 4
SR K /N 5 K e I B 2 A R =T, AR
9 R v Bkk A2/ T 0.1 mm, — @RISR
S 8 P AU 171 R T (PRI RSk Y 0 BE 45 0, I N )
PR IR E 3 A BN TS Y0 R BB I 3 Y, 45
HIER SR (125 g/L A4, VAKX HEK 2tk
FE )5 M A FH B

IR 385 BSCHE 7K # 38 ZE LB RS RE 04, 0 &
PEVE VD (20 E R AERE PR VP DT RUE R« MRiARAE
0.045~<<0.1 mm (D~Dy) JE[EIN I, BEKIFIHFEN KA
baAE R AR BN e, AR 1 B, Dy~Dy HARL
M 10.43%148 0% 33.28%, Fhki B 2UEGE . K
BAE 0.038~<0.045 mm (Ds) (KR HF R & AN
13.14%, EERARLL AR, ST DL 2 FR 2L
TR, 285 %5 A48 k42T 0.075 mm R BURL
PRBEVERIE T 1, Ve ORGSR A2 A
ZERIN, ORI 2 S BEIRIIE B, 3 E ) ] AR .
FRIARAE 0.031~<<0.038 mm 2 [A] (YR A 5 L HE /K 38 A&
SR FEMRRUERRLAT, JRRATPIAS, — R FORAR AR,
WA KRS, BHHENRGITORX A bk, K&
fbfE. JHAe. UUvE: —RILRARHIA bR B 2%, 4
Wy R ORI )R AE R AR A, RV R X 4
= A B AT 40 R 52 28N HE B R B2, AR
FHBURE 25 2 BB mAE R 1, YRR 20 73 v il e T4
S0 R T A FH T A B A 2 ) AR 141 5%
TE BCRLAR I IR, 5 I AR DUTE 32 P 7K 4 1 2
TR /N T 0.031 mm Uk, R AR N UL AR X B —,
HLARL & B RIA 60.58%, HA /T 0.001 mm (¥ 5500 LE A
WK, SRR R BE N T 1 pm IV, A B2 ) AURIORE ) 28
WA T 2 IR A 37 32 Bl it e 24, (4 3L
KAV, M LA B S IREETE, fEAT BRI R
BRGNS BRI T AR BESM) Mk
I ZE MR A1

AR H AT SEIL M R F B, R RAR N T
0.1 mm [FIURLEEAT 73 AR50, IXAF 55 S e 7K o JkeE
Rt AR — A B LA —E 2= 57, WA RER AN
IURL 2] P PRV KR, G o SN s 40l T SE Bl ol . R
2 RAR IR A LG FE b, R (1) 2 T 4 R e g1 LA K
TR 45 I YR P T B e VDR AR Y TR PR A o A L TR e
Mo WOAS SC A2 TR ok 42 BOR 56 5 35 4 VR A R AR 36 AIE
MEES KL, ke, SRS, K
DR SEAFAEIRFE . R BL A B I i ZE X 0], k6 45 R
AT AE— R b S e K S B SE ) R AEHLEE

4 % i

A SCEERPRLARTE LN T 0.1 mm eV B0RL, 7EHEZK



92 Rk TR AR

2012 4F

PR IG TAE T34 T, l R A & 5 vb /K P AE 025~
2.0 g/L 117 8 P vb /KR, LA BB LG 7 72 0 J
fitkh, R KU AR A e R DA R K s B A L AT T
iR, FHELFE R

D 2/l st e sURHA TE R B K A i 2E 5 K
TR V0 3 FEAL B UL, E R AEERENKO S
I AL

2) b E AN YD RAL AR i s HE K A TR ) R
K, kAN T 0.1 mm B, bR K 2835 £ 10 52 0
I RZE. SWE<025 gL I, HBEKN BN, ¥
AN KT RENG Ol BV EAE 0.25~125g/L 2
(R, JA0TE P PRI IS, SRR VP RAE 1.25~
1.5 g/L I, /K #8328 ) LR 4 =

30 KT RR B U FE K S AT RS b TE I BUK B VD
Fifto TEAKFUR—I&ME T, /NT 0.10 mm 4l /NFURLIY)
B JERURRIAZ . 0.031~0.038 mm 2 [H] .

AR A, RIS R BN LA B AFAE R
BRAE, Siok,  FIRERA — Pk E A IR A5 A i
13K, BRIk, 2 /INRIORE B JE IR AOU L B 25 A A5 T8k —

AR 56 o

Bt AXFA BB K FRELLR, FER
b X FEZIFEIHR, FEAKAKCHFFTREAL
ARR . TRASAR R GPF 5365, HFu—IF8us.

(& % x #f]

[1] Bucks D A, Nakayama F R. Trickle irrigation water quality
and preventive maintenance[J]. Water
Management, 1979, 2(2): 149—162.

[2] Nakayama FR, Bucks D A. Water quality in drip/trickle
irrigation: A review[J]. Irrigation Science, 1991, 12(4): 187
—192.

31 RJYH, KW, Aok, A& AEE A AR E g Sk b
FERTI[I]. RN LR, 2007, 23(8): 34—39.
Mu Naijun, Zhang Xin, Li Guangyong, et al. Experimental

Agricultural

study on anti-clogging performance of dental labyrinth
flow passage of drip emitters[J]. Transactions of the CSAE,
2007, 23(8): 34—39. (in Chinese with English abstract)

[4] A BRd SOEVE NSO PR KT R GORE K 3%
B8 R MERERISEMALT] AL TR, 2006, 26(5): 7—13.
Li Jiusheng, Chen Lei, Li Yanfeng. Effect of chlorination on
emitter clogging and system performance for drip irrigation
with sewage effluent[J]. Transactions of the CSAE, 2006,
26(5): 7—13. (in Chinese with English abstract)

[5] AFWe, YEOKH, Z0E, S5 bR REK 2B ZERTAUT].
Ak TFE2A4R, 2004, 20(1): 80—83.
Wu Feng , Fan Yongshen, Li Hui, et al. Clogging of emitter in
subsurface drip irrigation system[J]. Transactions of the CSAE,
2004, 20(1): 80—83. (in Chinese with English abstract)

[6] Haman D Z, Allen G S, Fedro S Z. Settling basins for trickle
irrigation in Florida[Z]. AE65. Gainesville: University of
Florida, IFAS, Extension, 2003.

[7]

(8]

[10]

[12]

[13]

[14]

[15]

[16]

23R, BRAIL, A, VEIK S| R B K 254 B b 2 TR
REWWIII]. BT RE%4], 2006, 22(4): 395—
398.

Li Zhiqin, Chen Gang, Yang Xiaochi. Experimental study of
physical clogging factor of labyrinth emitter caused by
muddy water[J]. Journal of Xi’an University of Technology,
2006, 22(4): 395—398. (in Chinese with English abstract)
2R, BRAIL, Aimei, 2. pRE KA IR B
WEFEM]. PHAEARMBHEOR A4k BRBF2ARRL 2009,
37(1): 229—234.

Li Zhiqin, Chen Gang, Study on
sedimentation characteristics in labyrinth emitter[J]. Journal
of Northwest Agriculture and Forestry University: Nat. Sci.
Ed, 2009, 37(1): 229 —234. (in Chinese with English
abstract)

RICAL, AR ED. RREEK AR B IE S D 5E ) SR AT
[J]. WPG/KRIRHE, 2008(2): 10—12.

Xu Wenli, Li Zhiqin. Experimental study on clogging and the
capability of sediment transportation about labyrinth
emitter[J]. Shanxi Hydrotechnics, 2008(2): 10 — 12. (in
Chinese with English abstract)

FRAR. WK PERE S Bk FEME RER R S [D]. Jbat:
R AR R 8 S0, 2004, 29—32.

Wang Jiandong. Study on the Hydraulic and Anti-clogging

Yang Xiaochi.

Performance of Emitters[D]. Beijing: Master degree thesis of
China Agricultural University, 2004, 29—32.

T, AT, A IRIR R Sk R ORI B 0 A
BAEHTI]. AR TRE4], 2007, 23(3): 1—6.

Wang Wen’e, Wang Fujun. Numerical analysis of the
distribution rule for suspended granule concentrationin
labyrinth integrated emitter[J]. Transactions of the CSAE,
2007, 23(3): 1—6. (in Chinese with English abstract)

BT, BIEYE, WH, & WUNEE R YRITR
FAT]. A TFE2EH, 2010, 26(3): 20—24.

Ge Lingxing, Wei Zhengying, Cao Meng, et al. Deposition law
of sand in labyrinth-channel of emitter[J]. Transactions of the
CSAE, 2010, 26(3): 20—24. (in Chinese with English abstract)
SR, ROCT, XYk, S KR RER SN LB
TEPERERI T IT[T]. Ak TRRZR, 2008, 24(5): 61—64.
Wu Xianbin, Wu Wenyong, Liu Honglu, et al. Experimental
study on anti-clogging performance of emitters for reclaimed
wastewater irrigation[J]. Transactions of the CSAE, 2008,
24(5): 61 —64. (in Chinese with English abstract)

ISO/TC 23/SC 18/WG5 N4.Clogging test methods for
emitters.2003.

JKFI R A T BRI 78 T AMOE LR B R ITE (SL103-95)[S].
B3t AKAPK L AL, 1995.

Farmland irrigation research institute.Technical standard of
project(SL103-95)[S] China
waterpower press,1995.

BESE, BT, JHF, A5 WRERE KSR B IE T E
PUB TR, A TR, 2005, 21(6): 1—7.
Wei Zhengying, Zhao Wanhua, Tang Yipinget al.
Anti-clogging design method for the labyrinth channels of

micro-irrigation .Beijing:



31 X

A /NS YPREAR SRR VAT E K 45 H E ) S R 93

[18]

[19]

[20]

[21]

drip irrigation emitters[J]. Transactions of the CSAE, 2005,
21(6): 1—7. (in Chinese with English abstract)

GO0, TRIGME. REK S NVRIE R Micro-PIV X543 #r[J].
b TREAAR, 2010, 26(2): 12—17.

Jin Wen, Zhang Hongyan. Micro-PIV analysis of flow fields
in flow channel of emitter[J]. Transactions of the CSAE,
2010, 26(2): 12—17. (in Chinese with English abstract)
kA, HEAEH. AR ABRLE DR 2R BER IR
YWEAT]. AKRIKIERIZEITS, 1994, 1: 11—17.

Zhang Deru, Liang Zhiyong. Experiment study of effect of
nonuniform fine sediment on flocculation[J]. Hydro-Science and
Engineering, 1994, 1: 11 —17. (in Chinese with English abstract)
T, EARE, Fa0a, AE TSR SRR o
iR IBAE I HTT). AL TRE2AR, 2009, 25(5): 1—6.
Wang Wen’e, Wang Fujun, Niu Wenquan, et al. Numerical
analysis of influence of emitter channel structure on
suspended granule distribution[J]. Transactions of the CSAE,
2009, 25(5): 1—6. (in Chinese with English abstract)
ERZLBE AT AKAR M BT BOR WM. M = BRI Rl
#t, 2002.

BRIEYE, FE—F, WENE, & BEKS M R IE K AR
FAIHTAMBL PIV KT IESLIRHTE[T]. ARk TR 24K
2008, 24(6): 1—9.

Wei Zhengying, Tang Yiping, Wen Juying, et al. Two-phase

[22]

[23]

[24]

flow analysis and experimental investigation of micro-PIV
and anti-clogging for micro-channels of emitter[J].
Transactions of the CSAE, 2008, 24(6): 1—9. (in Chinese
with English abstract)

B, R, 4, & et E R BN T IR
BEPE B 5y AT (3], B ER S TR, 2007, 7(20):
5208—5212.

Li Zhiqin, Li Enbang, Li Chun, et al. Numerical analysis of
following behaviors of particle tracers in full flow field
observation and measurement[J]. Science Technology and
Engineering, 2007, 7(20): 5208 —5212. (in Chinese with
English abstract)

fade, ERUL, XIMAE. AR AU AR R OFSELR
NIGR B R E[I]. 7 BT KA/, 2000, 33(4):
723 —728.

Shi Bing, Cao Shuyou, Liu Xingnian. Present status of research
and vectoria equation of incipient velocity on non-uniform
sediment[J]. Journal of Ocean University of QingDAO, 2000,
33(4): 723—728. (in Chinese with English abstract)
BRI 2 A, BB i BT BE, 2004, 33(9):
629—635.

Lu Kunquan, Liu Jixing. Static and dynamic properties of
granular matter( [ )[J]. Physics. 2004, 33(9): 629—635. (in
Chinese with English abstract)

Influence of sediment particle size on clogging performance of
labyrinth path emitters

Liu Lu**, Niu Wenquan®**, Bob Zhou?
(1.Institute of Soil and Water Conservation, Ministry of Water Resources, Chinese Academy of Sciences, Yangling 712100, China,
2. Institute of Soil and Water Conservation, Northwest Agriculture and Forestry University, Yangling 712100, China;
3. Agricultural and Biosystem Engineering Department, lowa State University, Ames, 14 50011, USA
4. Graduate School of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The objective of this study was to investigate the influence of small sediment particles containing in muddy
water on anti-clogging performance of oblique dental labyrinth channel drip emitters. A total of 8 types of muddy water
with different particle size distribution (all less than 0.1 mm) were tested by short-term clogging tests. Based on these
trials, the effect of two factors (sediments’ diameter and muddy water concentration) on emitter’s clogging were
analyzed, and then the range of sensitive particle diameters and the level of sediment concentration were discussed.The
results showed that the performance of emitters was greatly impacted by the sediment concentration in muddy water with
sediment particle size <0.1mm, especially when sediment concentration was greater than 1.25 g/L. This finding indicated
the positive relationship between sediment concentration and the clogging process.On the other hand, the sediment
particle diameter neither monotonically increased nor decreased the clogging.Emitters are prone to being clogged when
particle size ranges between 0.03 and 0.04 mm. The findings from the study will be beneficial for the practical
application of muddy water in drip irrigation.

Key words: fine sand, particle size, sediments, concentration, labyrinth path, emitter



