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Fig.1 Schematic of the test platform for anti-clogging
performance of drip irrigation tape (pipe)
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Fig.2 Physical model and dimensions of the single-wing labyrinth drip irrigation belt
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Table 1 Mesh independence verification

3 N S At 2o
R K mbc | UER
BERE M HEICP 87)
1 10 1 7 652 13.198 2.420
2 9 0.9 12 299 10.283 2.088
3 8 0.8 14 796 8.884 2.145
4 7 0.7 21349 6.997 2.080
5 6 0.6 30291 5.612 1.936
6 5 0.5 41560 4,195 1.999
7 4 0.4 62 489 2.901 1.936
8 3 0.3 123538 1.401 1.929
9 2 0.2 300 182 0.600 1.902
10 1 0.1 1241949 0.150 1.905
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Fig.3 Overall and local mesh diagrams of the
single-wing labyrinth drip irrigation belt
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Table 2 Comparative analysis of test and simulation

sevibn BRI DR R (L h ) RZE%
' 20 kPa 40 kPa 60 kPa 80 kPa 100 kPa 20 kPa 40 kPa 60 kPa 80 kPa 100 kPa
Laminar 0.889 1.199 1.433 1.627 1.793 5.007 1.032 3.006 2.194 5.228
S-A 0.889 1.199 1.429 1.624 1.789 5.007 1.032 3.249 2.410 5.418
SWF 0.684 0.950 1.152 1.328 1.480 19.225 21.539 22.015 20.154 21.785
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k- BaseLine 0.889 1.210 1.444 1.634 1.804 5.007 0.140 2.275 1.761 4.957
SST 0.889 1.210 1.444 1.634 1.902 5.007 0.140 2.275 1.761 0.529
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Fig.4 Clear and muddy water velocity overlay cloud map with streamline
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Table 3 Numerical simulation results of the number of water inlets, the number of trapezoidal runner teeth, and the number of water outlets

HUE AL DL hT

e dbkO%/A BRRE RS Hik A1 REA%  RASER
20 kPa 40 kPa 60 kPa 80 kPa 100 kPa

1 1 65 1 0.990 1.346 1.609 1.822 2.009 0.266 0.440

2 1 75 3 0.940 1.278 1.526 1.728 1.904 0.253 0.439

3 1 85 2 0.886 1.206 1.440 1.631 1.796 0.238 0.439

4 3 65 3 0.997 1.354 1.616 1.832 2.020 0.268 0.439

5 3 75 2 0.940 1.274 1.523 1.724 1.901 0.253 0.438

6 3 85 1 0.882 1.199 1.429 1.620 1.786 0.238 0.438

7 5 65 2 0.990 1.350 1.609 1.822 2.009 0.266 0.439

8 5 75 1 0.925 1.264 1.508 1.710 1.883 0.247 0.442

9 5 85 3 0.889 1.210 1.444 1.634 1.902 0.240 0.438

AT SPSS 26.0 BFRESHEK TS KOG AT SEABILR REGE (77 20 B, KT
FRUE UK PSSR RHI S AR R G BRI, ik T BO0s 2 4 R L 4. 3

(2) ), Wk RHR J 0.987, HIERLLT. K FLECRIH K SO BRSO S 35, BT

HOEHER K OHL BRRIENEL Bk, WECE A R . R RECE R RR B N
MAEX (2 MRERE, HREX (D #HRFEE.  HBRENE (O >HKOH (o >BK O () .
N /K ATAEE Dy 20 em I, R4 6 FIBCIHREAK D BRAEIG K DA HK B, mER A K.

o 3 0. HAKOZECH 3 0, HEsERELNECN k4 REFRRTESH

60 W7, Vi ASFEEUN 0.439, 02154 k N 0.276, Table 4 Analysis of variance for flow coefficient

PRI HIZ 4T = /724 100 kPa B i 4 2.083 Lihe 4 40 W M pE W% F P
VEY A TR K IS, AR E 7 I B o AR ) HE R I j 0.000 006 2 0000003  1.000 0.500
Koo P ENT HZK TR BEEA T 455 1, SIEERURG HHEHE R, ‘ 0001 2 0.001 189893 0.005™
ST B

k=0.355 6-0.000 3j-0.001 4t+0.001 7c , (2)
b KM REG | MK OEG CORBIBRIE . e s
o ot v GATTEA NG, AR B

e N
KK BRI K MG 7, o K TTEDS 3658, 1753, 5:85-8 [NALTHR
B2 T LI 6, BA T o e 2 B TEIRIE TR T AT, ASFEIHEZK OB R E 5L
miESmE&SmWE 7. F£i817E 779 20, 40. 60,

E\E#’ —‘itE‘/\W ﬁ*ﬁ‘ 5 llill D” —‘?tE‘/\W IE
wEE, SiERBMAHER KO SR ERE 80. 100 KPa 51T, 3 TSty it HE £

O *RIRTE P<0.05 /KT 28 7 i 3 s **RORTE P<0.01 /K P % Rk B .

. i S
E?%iﬁ@fi %7;;{;&%§$i§§&$i 3-65-3 11 >1-75-3 11 >5.85-3 , 7E 4L HXIZ 4TI /)
Oy 3 . ° 100 kPa it il S IR AT /b IMERTE B IX 29K
. TRARETEE, B 7 wI AN, R X KRS K T BE X,
08 | A HRER L M AL S RS, BRI N S e A TR .
. \ FhETERIE B, LTE SO, AR TR
P U W VO IREHE I
e "
\ e, I [N
0240 F . 02 03 04 05 .6 07 0.8 0.9‘ 1.0 1.1 1.2

1 3 5 65 15 85 1 y s
HK A% B % /NEE 3

A6 BHFEAKFHHE

Fig.6 Factor level mean plot

(a) 3-65-3 %!

57



FEBLHEZK 23] http://www.ggpsxb.com

woe [T

02 03 04 05 06 07 08 09 10 11 12

(b) 1-75-3 7

[ TT1 1] Ol

02 03 04 05 06 07 08 09 1.0 11 12

(c) 5-85-3 %!
B 7 AR#AKD KA HAEFEHAREREEME

Fig.7 Different number of inlets and trapezoidal runner teeth,
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Effects of the Number of Inlet and Outlet Ports and Trapezoidal Channel Teeth on
Anti-clogging Performance of a Single-wing Labyrinth Drip Irrigation Belt

TAO Juangin™?, TAO Hongfei*?", LI Qiao™?, LIU Yao'?, ZHANG Hui?,
MAHEMUJIANG Aihemat™?, JIANG Youwei"?, YANG Wenxin"?
(1. School of Water Conservancy and Civil Engineering, Xinjiang Agricultural University, Urumgi 830052, China;
2. Xinjiang Key Laboratory of Water Conservancy Engineering Safety and Water Disaster Prevention, Urumgi 830052, China)

Abstract: [Obijective] This paper is to study the effects of the number of water inlets, the number of teeth of the
trapezoidal flow channel and the number of outlets on the anti-clogging performance of the single-wing labyrinth
drip irrigation belt. We designed nine groups of working conditions for numerical simulation. [ Method] Physical
experiments, numerical simulations, linear mathematical models were used to study water and sand flow in a
single-wing labyrinth drip irrigation belt when the flow rate was 1.8 L/h, as well as the influence of different inlet
and outlet numbers and trapezoidal flow channel teeth on the flow index and flow coefficient of the drip irrigation
belt. [Result] The SST k- two-equation for low Reynolds number turbulence model is more suitable for numerical
simulation of flow field in the single-wing labyrinth drip irrigation belt. From the inlet to the trapezoidal channel and
then to the outlet, the mass concentration of sediment particles gradually decreases; the fifth water inlet of drip
irrigation belt is the main water inlet, and the third water outlet is the main water outlet; the number of water inlets,
trapezoidal channel teeth, and the number of water outlets have a minimal impact on flow regime index; the their
impact on the flow coefficient is ranked in the order of trapezoidal channel teeth>number of water outlets>number of
water inlets; a multivariate linear model between the flow coefficient and the three factors was constructed, with a
decision coefficient being 0.987. [ Conclusion] When the size of the trapezoidal labyrinth flow path is the same, the
smaller the number of teeth in the trapezoidal flow path was, the greater the internal flow velocity in the flow path
would be. This facilitates discharge of sediment particles from the flow path. The constructed flow coefficient and
three factor formula can achieve accurate irrigation at the outlet location, making reasonable use of land resources.
Key words: single-wing labyrinth drip irrigation belt; SST k-w turbulence model; the two-phase flow of water and
sand; number of water inlets; trapezoidal channel teeth; number of water outlets
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