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Abstract: Emitter clogging is one of the obstacles that limits the application and popularization of drip
irrigation technology. The computational fluid dynamic (CFD) method was regarded as the most effective
method to research the water and sand movement in the labyrinth path of the drip irrigation emitter.
Based on the high-frequency pulse with the same parameters ( period and amplitude) , and the jet tee was
used as the boundary condition, and CFD software was used to simulate two-phase flow sand
concentration in labyrinth channel irrigator in order to improve emitter anti-clogging performance. The
k — & turbulence model and Eulerian multiphase flow model were used to simulate the relationship
between flow rate and pressure, the instantaneous distribution of particulate matter concentration under
high frequency pulse condition, and the influence of high frequency pulse condition on the variation of
particulate matter concentration in sediment area. The results showed that the high frequency pulse wave
had a great influence on the average flow rate and anti-clogging performance of the emitter, and the
fluctuation and continuity of the high frequency pulse wave played a major role in the anti-clogging ability
of the emitter; the order of the high frequency pulse wave of anti-clogging ability in descending order was
sinusoidal wave, triangular wave, trapezoidal wave and rectangular wave; increasing inflow concentration
would lead to sediment deposition in the vortices, and high frequency pulse wave can increase the erosion
of the vortices to improve the blockage resistance. The concentration of each part of the emitter was
increased with the increase of particle size, and the concentration distribution and variation were slightly
different under different particle sizes. The research result can provide theoretical reference for the
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application and popularization of the drip irrigation system with high frequency pulsed flow.
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frequency of jet tee inlet
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Fig.4 Fitting curve of flow and pressure of irrigator
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Fig.5 Fitting curves of flow rate and pressure of two period emitters under different wave inlet pressures
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Fig.6  Velocity distribution maps in two period emitters

with sinusoidal inlet pressure
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Fig.7 Instantaneous distribution maps of particle mass

concentration in emitters under different pulse waves
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Fig.9 Changing curves of particle mass concentration under different pulse conditions

IBATIHE K T34 ZE RE AT ARG SR AR =
PR HEK AR POE IR . S E v AR
TR EBOR I RIS D 2 A T 5 v i s
PR RE R, i HAL 3 R AR AL SAAR XTI BN,
JERJEFEIE K R AR R 2 A f S VR AR
LG LUK AR AR BN M . R UL Bk g
X HE AR AR T FEVE TR AR o

3 it

(1)4 st ik oK T 5 0 A e —
AR, T At 35 5 T R Ae A ] s g A2
P EOE A AR DR PN KRR A — R B4 3 Ak
BER

(2) [R5 v o | [RRL AR | AN (5] g 3 Jk o 2 5% F
T IEBR P K AR TE N ORI TR B D

PO E B B 57 2 8 2 0 AR B R
o W AKRS PR R VR B AR W 2 2 o S OB 4
R ) 5, SR 2 1A 5 R ek
K P RO T T R A D

(3) TE 3L A% P TR 7 IO 1 0 WA B
WPTURG A R 68 20 pun I S0P 2 0k 5
ATV A BT 50 wm 1, B BORCH B
TR HEK 2 P UL St U fE R

(4) T B UMK o 4 P R X A2 A
S WS | WOV — A FEL I, v J A b
B IEREIE = fA U BT 2 PR R K b
3475 I A TR B v A A
A A e, 11 B v O B I
O 056 1R B 55 WL P 2l Ak
e

& % x #t

(1]
(2]

in Agriculture ,2006,22(2) ; 243 —249.

WEI Q, SHI' Y, DONG W, et al. Advanced methods to develop drip emitters with new channel types[ J]. Applied Engineering

TAYLOR H D, BASTORS R K X,PERSON H W, et al. Drip irrigation with waste stabilisation pond effluents: solving the

problem of emitter fouling[ J]. Water Science & Technology,1995, 31(12) ; 417 —424.

(3]

TSk, FAREE, U Bk CFD M kST T ], Al B4 4R ,2006,37(10) :70 - 73.

WANG Wene, WANG Fujun, YAN Haijun. Study on CFD method for flow simulation in labyrinth emitter[ J]. Transactions of
the Chinese Society for Agricultural Machinery, 2006, 37(10) ;70 —73. (in Chinese)

(4]

BRIV e AR 55 SR iE B S USRSk K I PERERIFEMAIL ) ). HUB TR 7412, 2007 ,43(7) 109 - 114.

LI Yunkai, YANG Peiling, REN Shumei, et al. Effects of fractal flow path designing and its parameters on emitter hydraulic
performance[ J]. Chinese Journal of Mechanical Engineering, 2007, 43(7): 109 —114. (in Chinese)

(5]

IR, ARG AR B Sk PSR R e A U REL 70 A [ J] . Al T #2441 ,2007,23(3) 11 -6.

WANG Wene, WANG Fujun. Numerical analysis of the distribution rule for suspended granule concentration in labyrinth integra



552 LB A UK AT T K AR K VD WA R B A AL 283

(6]

(7]

(8]

(9]

[10]

[(11]

[12]

[13]
[14]

[15]

[18]

(24]

[25]

[26]

(27]

[J]. Transactions of the CSAE, 2007,23(3) :1 =6. (in Chinese)
BRIETE i IR A5 T K A8 G A Tt 7K V0 AR I 23 BT LR LV R e SE e i 5 [ 0], A0l T2 241, 2008 , 24
(6):1-9.
WEI Zhengying, TANG Yiping, WEN Juying, et al. Two-phase 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)
WATARE AR AR SO A A DR N P R ISORLZ B CFD BEUL PIV BGUEL ) ]. AR 2000, 40(5) 45 -51.
YU Liming, WU Pute, NIU Wenquan, et al. CFD numerical simulation and PIV verification about the movement of solid particles in
labyrinth channel[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2009, 40(5) ; 45 —=51. (in Chinese)
WAL SRR AR SO R TIE i 25 R K AR K I TERE S BT ZEERERYSZ M [T ], AR HLE R, 2011, 42(9) -
64 - 68,73.
YU Liming, WU Pute, NIU Wenquan. Influence of the offset of labyrinth channels of drip emitters on hydraulic and anti-clogging
performance[ J |. Transactions of the Chinese Society for Agricultural Machinery, 2011, 42(9) :64 —-68,73. (in Chinese)
WIRH], MEHCE . R AR AU BT S PIV IR [J/OL]. RABUMEH, 2014,45(9) 1155 - 160.
YU Liming, MEI Qiyong. Anti-clogging design and experimental investigation of PIV for labyrinth channel emitters of drip
irrigation emitters[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2014, 45(9) :155 - 160. http: /
www. j-csam. org/jcsam/ ch/reader/view _abstract. aspx? flag = 1&file_no = 20140926 &journal _id = jesam. DOI; 10. 6041/].
issn. 1000-1298.2014.09.026. (in Chinese)
WAL, TRET, WA R AE. IEHERE KA A S XY E S [ )/ OL]. FRAURSAHR, 2017, 48(2) 1255 -261.
YU Liming, XU Xia, YANG Qiliang, et al. Influence of geometrical parameters of labyrinth passage of drip irrigation emitter
on sand movement[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2017, 48(2) :255 - 261. http: //
www. j-csam. org/jesam/ ch/reader/view_abstract. aspx? flag = 1&file_no =20170234&journal _id = jesam. DOI:10. 6041/j.
issn. 1000-1298.2017.02.034. (in Chinese)
ST, AR, KRBT, AF. JEVDRIAS S E b B AR S BRI ). ARl TRRR, 2014, 30(7) - 99 - 108.
WU Zeguang, ZHANG Zizhuo, ZHANG Kemeng, et al. Influence of particle size and concentration of sediment on clogging of
labyrinth channels emitters[ J ]. Transactions of the CSAE, 2014, 30(7) : 99 —108. (in Chinese)
A0 AR AR ST A U A AR A 2K B B SO ZE RO T SR ] Al TR, 2010,26(5) 114 -20.
NIU Wenquan, WU Pute, YU Liming. Anti-clogging experimental investigation and optimized design of micro-channels of
emitter based on isoline of sand content[ J |. Transactions of the CSAE, 2010, 26(5) :14 =20. (in Chinese)
ASSOULINE S, MOLLER M, COHEN S, et al. Soil-plant system response to pulsed drip irrigation and salinity; bell pepper
case study[ J]. Soil Science Society of America Journal, 2006, 70(5) ; 1556 — 1568.
ELMALOGLOU S, DIAMANTOPOULOS E. Wetting front advance patterns and water losses by deep percolation under the root
zone as influenced by pulsed drip irrigation[ J]. Agricultural Water Management, 2007, 90(1) ; 160 - 163.
EWE, PRI X0 A K R RGO S SR (1] P AR R KRR L, 2012(6) 69 -72,77.
WANG Cong, LU Gang, LIU Jie, et al. Design of dynamic pressure drip irrigation system and experimental analysis[]].
China Rural Water and Hydropower, 2012(6) : 69 —=72,77. (in Chinese)
AR, X, RA R, S IRSKIE N REERE KA K I PERENTIE ], KIEERE, 2015(9) : 1 -6.
R, RARE, kbR, S ORI S A K AR 2K B i E N BORLY s SRR T [ J/0L ], ROl HLAR A R, 2017,
48(3):294 -301.
ZHENG Chao, WU Pute, ZHANG Lin, et al. Particles movement characteristics in labyrinth channel under different dynamic
water pressure modes| J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2017, 48 (3): 294 - 301.
http; // www. j-csam. org/jecsam/ch/reader/view_abstract. aspx? flag = 1&file_no = 20170337&journal _id = jesam. DOI; 10.
6041/j. issn. 1000-1298.2017.03.037. (in Chinese)
B, SRR, kAR, SE. ShAUKE T o B B K E SR 28 [ J/0L] . RALHLIR-4] , 2015, 46(9) ; 167 - 172.
ZHENG Chao, WU Pute, ZHANG Lin, et al. Flow characteristics in labyrinth channel under dynamic water pressure[ J/OL].
Transactions of the Chinese Society for Agricultural Machinery, 2015, 46(9) ; 167 —172. http: // www. j-csam. org/jcsam/ch/
reader/view_abstract. aspx? flag = 1&file_no = 20150924 &journal _id = jesam. DOI: 10. 6041/j. issn. 1000-1298. 2015. 09.
024. (in Chinese)
R, SRAET, SRR, AFORTALPUE SR FEM R SRR TR )], WOKIERE, 2001 (4) : 21 -22.
GEORGIEV D. New low pressure system for pulse drip irrigation[ J]. International Water & Irrigation Review, 1997, 17(1) ; 19.
. — i3 =3 . CN103203293A [P].2013 —07 —17.
VRS, T, el A SIRIRY =l S B Pk D R ST D], K, 2014(3) 0 1 -4.8.
XU Peng, WANG Xinkun, GAO Shikai, et al. Preliminary test of jet oscillation tee and pulse flow in drip irrigation lateral
pipe[ J]. Water Saving Irrigation, 2014(3): 1 —4,8. (in Chinese)
P . S K b =8RG R R BT D] B VLR, 2016.
YANG Yuchao. Study on influence factors of oscillation performance of jet-pulse tee[ D]. Zhenjiang ; Jiangsu University, 2016.
(in Chinese)
W, TR, RMOH, S5, R T AR ko =38 R R T (] PR KFDKE, 2015(9) ¢ 111 - 114,
YANG Yuchao, WANG Xinkun, ZHU Yanxiang, et al. An experimental study of the jet pulse tee based on drip irrigation
pipes[ J]. China Rural Water and Hydropower, 2015(9) : 111 —=114. (in Chinese)
For, R B TR AR B S K i =0 Bk R [ )] ROl TR, 2017,33(12) 1116 - 121,
WANG Xinkun, XIAO Siqgiang, FAN Erdong, et al. Hydraulic performance experiment of lateral pipe jet-pulse tee[ J].
Transactions of the CSAE, 2017, 33(12): 116 —121. (in Chinese)
WARSIZ U A, TIARN W N. Numerical grid generation through second order differential-geometric models [ J]. Numerical
Mathematics & Applications, 1986,85:199 —203.
SRCAL, BEICAR. I AR i eI X S AR 1 SIS ma BT [ )], TARRA R4, 1999,20(3) :365 - 369.
WU Wenquan, HUANG Yuandong. Numerical simulation for the influence of fluid vortex on particle motion in liquid-particle
two-phase flow[ J]. Journal of Engineering Thermophysics, 1999 ,20(3) :365 —369. (in Chinese)



