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Influence of Geometrical Parameters of Labyrinth Passage of
Drip Irrigation Emitter on Sand Movement

YU Liming' XU Xia®> YANG Qiliang' WU Yongdong® BAI Xiaojun’
(1. Faculty of Modern Agricultural Engineering, Kunming University of Science and Technology, Kunming 650500, China
2. School of Hydraulic Engineering, Changsha University of Science & Technology, Changsha 410114, China
3. Qinghai Provincial Water Conservancy and Hydropower Survey and Design Institute, Xining 810001, China)

Abstract: In order to obtain the optimum geometrical parameters for improving the anti-clogging
performance of labyrinth flow path of drip emitter,16 kinds of flow paths were designed according to the
structural parameters such as angle, height, upper base, offset and width. An Eulerian — Lagrange liquid —
solid multiphase turbulence model combined with the kinetic theory of granular flow was used to carry out
simulation based on coupled CFD — DEM water — sand two-phase flow in drip irrigation emitter, which
analyzed the pass rate of sand group, the percentage decrease in speed of sand, the movement and
distribution regulars and force and so on. The result indicated that the clogging performance of labyrinth
channel could be expressed by the pass rate of sand. There existed a negative relationship between the
pass rate and percentage drop of sand group speed . The speed descending of sand movement was the key
factor that affected the sand pass rate in labyrinth channel. The angle and width were the main structural
parameters of flow passage that affected the water flow characteristics. The speed of sand particles
depended on the flow characteristics of the flow channel, and the angle had a significant influence on
sand speed. Sand was always drawn by drag force from water flow in the optimum structure. Most of the
sand ran in the mainstream area, so they maintained high movement speed. Little sand lost kinetic
energy, thereby it reduced the blocking probability. This method was applied to analyze movement and
distribution of sand group, understand the movement of sand from micro-view perspective, and it had
become an efficient technique in structural design of labyrinth channel.

Key words: drip irrigation emitter; labyrinth channel; structural parameters; numerical simulation; pass rate
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Fig. 1 Structure sketch of flow path of emitter
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Tab.2 Orthogonal test result of emitter structure parameters and pass rate of sand
ER PRI R BT 1 VbR R g R
E:f o brw s wkskm wmw o0 ﬁjﬁ/(i . (’;;}‘g;ﬁ% J(i’;"/
1 1 1 1 1 1 2.46 1.34 45.53 92.53
2 1 2 2 2 2 2.15 1.46 32.09 88. 69
3 1 3 3 3 3 1. 86 1.46 21.51 86. 07
4 1 4 4 4 4 1.71 1. 66 2.92 91.24
5 2 1 2 3 4 1.33 1.11 16. 54 94.23
6 2 2 1 4 3 1.59 1.03 35.22 85.82
7 2 3 4 1 2 1.31 1. 10 16. 03 94. 04
8 2 4 3 2 1 1. 80 1.31 27.22 93.99
9 3 1 3 4 2 0.87 0.31 64.37 75.99
10 3 2 4 3 1 0.76 0.25 67. 11 79.90
11 3 3 1 2 4 1. 67 1. 06 36.53 87.27
12 3 2 1 3 1.70 1.13 33.53 84.09
13 4 1 4 2 3 0.75 0.36 52.00 89. 85
14 4 2 3 1 4 1.22 1.00 18.03 99.76
15 4 3 2 4 1 1.03 0.54 47.57 87. 80
16 4 4 1 3 2 1.62 1.02 37.04 97.79
HH 1 89. 63 89. 89 90. 86 92. 68 89.57
HMH 2 93. 66 89. 06 89.77 90. 45 89. 86
HIMH 3 82.99 88.87 90. 12 91.08 86. 45
H#1H 4 87.80 92.28 89.35 85. 88 94.19
i 10. 80 3. 41 1.51 6. 80 7.74
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Tab.3 Variance analysis of effect of low path parameters

on pass rate of sand
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Fig.3 Relationships between structure parameters and pass rate of sand and percentage decrease in speed
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Tab.4 Characteristics of sand group passing flow

channel in 1 s

ZH At
5E5WE 95l
KA L BIHE )/ (mes ™) 1.33 0. 87
VR DR T/ (mes ") 1.33 0. 87
1s P4 A VDL B A 10 188 8473
s PN 38 2o I 38 V0 R A/ A 9 360 6136
WL/ % 94.23 75.99
3 o 9 3 A VDR 102 B K /s 0.03 0.30
3 3k 9 38 A V0 RSP 132 2 A2/ mm 34. 86 92.03
3 I B VRO 38 B/ (mes ™) 1. 11 0.31
AR XK B IR 3178 56 840
HEANE A VRT3 12 )y R/ mm 36. 46 122.62
HEAAE IR DR 152 F i ] /s 0.04 0.48
SEAAE VDR BB/ (mes ") 0.91 0.26

LR T0% ~80% Z [F ) HAT A5 9.10, %
BV RV YRR BT o B0 65.74% | dd i
ZH 80% ~90% 2 [i] 90% ~100% = [a|# K 7 4,
V- 35 3R T B A 4 B i Ry 36.92% Fi1 23.33% ,
UL AT 50, VR 38 2 2 5 V0 S 38 R R R E B
TUAH &, V0 ORLIE o 30w , YR 2 R R R A S Bk
/N U0 A T TP R 1 R D T VR AR I
TE B Bl T BT B EOR  RE R IR 1
VR R 0 2R B — g R I, L NES DL
P L3 2 A DT R O 3B R G 2E 02 8h Bk B A AR I
TP UTVE , Bl A X R VDR B A i R T A 2
PR 5 R (R R V0 R A A DY 3 s S b
LA Y TE PN ) R K

3 it

(D) IEZSA B R W, o 8 i 18 450 2 50 A2 4k
X U0 3 ek R R R R R o R BN S < e Sy L IE
vo RS R PIRTE he, T e R A B
E e A0

(2) FRF MR A8 22 1 5 0 b, R 9 A7 TR 8K
KI5 AL LA PRI A 52 T A2 5], R
RO U RLIE AT T AU XA T 2 A AL R UL
523K BT A T3 A5 T, B Hh B 23 U R i



w2l MR H A5 R K A A TE A5 X R VD 12 B Y S 261

FER Xz HG YYD R FE T R T 20 BB/ R . YR

(3) UrRid o R AEA R R B W IE A PTIE € R G VR S T R 0 RO P K A A T A

PERE , VDKL i A5 YR S B T BT B 0 BRI TR RO
RO, VR R R 0 BB I il I R AR,

10

11

12

13
14

15

17
18

19

20

2 £ x #

WEI Q,SHI Y,DONG W, et al. Advanced methods to develop drip emitters with new channel types[J]. Applied Engineering in
Agriculture, 2006, 22(2) ;243 -250.
CAMP C R. Subsurface drip irrigation: a review[ J]. Transactions of the ASAE,1998 ,41(5) :1353 - 1367.
NAKAYAMA F S, GILBERT R G, BUCKS D A. Water treatments in trickle irrigation system[ J]. Journal of the Trrigation &
Drainage Division, 1978, 104 (1) :23 - 34.
TAYLOR H D, BASTOS R K X, PEARSON 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.
LI Guangyong, WANG Jiandong, ALAM M, et al. Influence of geometrical parameters of labyrinth flow path of drip emitters on
hydraulic and anti-clogging performance[ J]. Transactions of the ASABE,2006,49(3) :637 - 643.
TRAR. R UE KR K T S P RE IR AN R A UL (D] PG % V4 A8 R4, 2009.
WIS, 2 S04 A A R I e A 5 U () BE O Sk M RE R S [T ] HERE LA AR A4 ,2013,31(5) 1449 - 455.
XIE Qiaoli, NIU Wenquan, LI Lianzhong. Effect of tooth angle and pitch of labyrinth channel on performance of emitter[ J]. Journal
of Drainage and Irrigation Machinery Engineering,2013,31(5) :449 —455. (in Chinese)
F SR, AR A SCA A T Sk T G5 R AR I UL 23 A R B A3 AT LT ] Al AR 2 4R ,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)
BAEDE T8, B — 1. I K R o TR i PO B R I [T ] R0l TR A4 ,2005,21(6) 11 - 7.
WEI Zhengying, ZHAO Wanhua, TANG Yiping. Anti-clogging design method for the labyrinth channels of drip irrigation emitters
[J]. Transactions of the CSAE, 2005,21(6): 1 =7. (in Chinese)
d AEAE TR L X T A S5 TR T Sk PN I 0 BB S S A BB [ ] 74 2 5058 224 41 ,2004,38(9) :920 - 924,
MENG Guixiang, ZHANG Mingyuan, ZHAO Wanhua, et al. Numerical flow simulation and optimum channel design of drip
irrigation emitter[ J]. Journal of Xi’an Jiaotong University,2004,38(9) :920 —924. (in Chinese)
PAULAU S, ARVIZA V G, BRALTS J V F. Hydraulic flow behavior through an in-line emitter labyrinth using CFD techniques
[C] /2004 ASAE Annual Meeting, ASAE Paper 042252 ,2004.
FRE. TFEGAAZD S5 - CFD 3R S R IM ). db st 3 AR i, 2004.
AR AR AT S5 T8 R A AL A 3l 07 2 T AR AR AU P g L T L M) R 303 7K A R4, 2006.
W BRI L W BAL,SF. KL T CFD — DEM 54 A 8 i K V128 sh B E AL [1/OL ] . 4l HLBK 2 4R ,2016,47(8) :65 ~
71. http: / www. j-csam. org/jcsam/ ch/reader/ view_abstract. aspx? flag = 1&file_no = 20160810&journal_id = jesam. DOI;10.
6041/j. issn. 1000 — 1298.2016.08.010.
YU Liming, TAN Hong, CHANG Liuhong, et al. Numerical simulation of water and sediment flow in labyrinth channel based on
coupled CFD — DEM [ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2016,47 (8):65 — 71. (in
Chinese)
CHU K W, WANG B, YU A B, et al. CFD — DEM modelling of multiphase flow in dense medium cyclones[ J]. Powder
Technology, 2009, 193(3) :235 —247.
QIUL H, WU C Y. A hybrid DEM/CFD approach for solid-liquid flows[ J]. Journal of Hydrodynamics, Ser. B,2014,26(1) .
19 -25.
FE T A, EYER. B EUR T L HTE EDEM FAgSZER [ M. 7942 . PHdb Dol K2 4t ,2010.
WEEH. G5 S O ARTE SE K S M RE MBI ZETERE R SE IR () ] PUILRAMBE 22440 - FAABE AR ,2011,39(8) 197 - 202.
YU Liming. Influence of the structural parameters of trapezoidal-channel emitters on hydraulic and anti-clogging performance[ J].
Journal of Northwest A&F University : Nat. Sci. Ed.,2011,39(8) :197 —=202. (in Chinese)
BRIEE JE— T IR IR, 55 WK SR A0 SO E K Vb PR AL 43 A R PIV R e il af o2 [ 1] el T AR 2441, 2008 ,24(6) .1 -9.
WEI Zhengying, TANG Yiping, WEN Juying,et al. Two-phase flow analysis and experimental investigation of miero-PIV and anti-
clogging for micro-channels of emitter[ J]. Transactions of the CSAE,2008,24(6) :1 - 9. (in Chinese)
W BRI, SRR R S04 AL R U N [E A TBURLIZ B Y CFD B T PIV B 3E [T ] Ol HLAL A 4R ,2009,40(5) 245 - 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)



