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Hydraulic Performance Robustness Analysis for Drip Irrigation
Triangle Labyrinth Channel of Emitter

Liu Chunjing'® Tang Dunbing' He Hua’ Chen Xingqiang’
College of Mechanical and Electronic Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China
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Abstract; Considering the complicated relation of triangle labyrinth channel parameters to hydraulic
performance, the explicit analytical model was not figured out. Moving least squares response surface
methodology was introduced to build parameter sensitivity model corresponding to reliability of hydraulic
performance. The analysis of parameter sensitivity shows that the length and the width of triangle
labyrinth channel parameters have great influence on the reliability of flux coefficient. Meanwhile, the
width, and the angle of triangle labyrinth channel parameters have great influence on the reliability of flow
index. Standard deviation increasing in the parameters of triangle labyrinth channel will reduce the
reliability of flux coefficient and flow index. The reliability sensitivity analysis for hydraulic performance
demonstrates that the result of presented method is accord with the qualitative analysis. Thus the proposed
method is efficient and accurate.

Key words: Drip irrigation emitter Hydraulic performance Reliability analysis Moving least squares

method Response surface methodology

sz PALIG , el 5 Sk T BE L DLARRE V3950 M IR 4 A
a T Sk K g e B I B 4 X T R G
Tk R RGN E A, HAE I RIE UK KMo ve Huds ZERe ) MR e 3 ar s ma AR oK. [

SKAR R R K P HE AT Sk B A R A B ISR R T RS T T kR A R

Wk B : 2012 -04 -08 &[] A #: 2012 -09 - 20

# E K A ARPHA R GBI H (51175262) H & M M7 A A SR T RIBT BT H (NCET — 08) 22 B4 i S 2 AL 75 4R S YT )
i H (2010SQRL117)

YEF B A XIS L5 M2 B Al B, 12 F BN BT B8 5 05 0150, E-mail ; liusun7575@ 163. com

BIRAEE BT, B, LRSI, 2N 5 AR B B 5 U7 ik MR I R AR S AL AT Y, E-mail: d. tang@ nuaa. edu. cn



68 & oAk HLOM R

2013 4

Az 5 G TR WOk T 3 FE A JRULE U IE N B K R
Sy T BRSO3 A T R R Sk ) B E MR RE B N A
BT CFD MK g 2 RO 22 3% 1)y 00 3 5 R 55
FTTAMIRBFTE S o (i Sk A 2, &
Tt 235 4 2 BCHR A [ 2 B 1 52 0 o 3% Sk oK g P se L B
25 DR 3 22 VA7 2 2 PR G P A s il ek I
1M S 20 AT iR Sk 7K P BB X A e 2 B0 BB
I, AR A2 7 X S BT R o DA S AT R R
P KT I 5 0 2 B 1% R AEORE A BT AR

% FH Wi 5 1 T % ( Response surface methodology,
RSM) AJ DA4ELG 30 Sk 98 16 45 49 2 505 K T R Re i 56
Z T B i/ —F€ (Moving least squares, MLS)
me o ot T 9 AT o TR AR I, AT A ) 50 T RO
485 T o A SCF) ) Box-Benhnken % 12 %2 4
W AR i =5 W e S R 215 = 3 N < VA NTTRZS
i i Sk 7K T P e 0 A RIR 2 B B, 2 T X R Sk 7K
JIPEREHEAT T RETE R HUE 73 M, 45 3 2K B I OC B
BT B0 T HE R Sk 7K 7 Pk RE A B2 e AR B, 4R X
T Sk 7K 3 P BE B2 Wi B Y TR 3R TR T Sk B i
R rp o DA ) DA e 9 K o
1 B0/ Z 5N A i H %

o Bl e /> 3fe 1 g 1 4004 R RSO o R R BRI R
BOR B A X 0 L fFfE xe ®CR™,
ceew, ) e RU BEHLAS B, 6 oK BN
G(x) :R"—>R UG RET LIRR N

x =(x,

éu>=2pxmmuwmuﬂww (1)
AF p(x) FEpR %L, p,(x): R"—>R
a,(x) — RBEH a0, (x): R
N—3 pR B %
NG SO T IR £ R E 8 e ¥ NG CE )
ORI P R BB R | T LLALLA R BCT )
5 1,

uDj(x) = ay(x) + Yo, (x0)x + ¥ ¥ ay(x)xx

=1 k>

[

|‘£‘|(x) = (1,xl,-~-,xnx,xf,x]xz,xlx“---,xix)ylv
1

@ B n(n, +3) +2

- 2

1

Izl(x) = (ao(x)9al(x),“'9an‘(x)aall(x),
L1

L1

alz(x),---,a,nx”](x))T
(2)
FACRE a(x) BARPEIG XA N, AR A
(x,:0=1,-- N, , N, >N) 0 eREE AR /N — ek
e 1), B AR L R AL G (x) A R %L G (x) 7545

E A x BB 22 5 B IACE J7 8 T () /o

J) = Y w(x) (6(x) ~6(x))" =

Z w(x) (p(x) 'a(x) -G(x,))" =

(Pa(x) -G)'W(x)(Pa(x) -G) (3)
P=(p(x,),,p(xy))
G=(G(x,),,6(xy))

W(x) =diag[w(d(x;x,)) w(d(x;xy))]"
w(d(x;x,)) HRRE, d(x3%,) = | x-x, || /d,; =
rod, R X, B SE WR SE AR AR B Y kB X #R
Bl /N e UM R A AR R A e, B dh i/
e 3T ALL AR A AR AR R R b B F oK B, AR SCR
FAAE B eR EL, B

w(r):{1—6r2+8r3—3r4 (0=sr<1) (4)
0 (r>1)
K J(x) X R E a(x) Btk/ME , Bl o)/ 0a =0,

[IEEELE¥

a(x) =(P"W(x)P) 'P"W(x)G (5)
B )AL (L) T8 8% 3 e/ — e il
148055 BRI AL
G(x) =p(x)" (P'W(x)P) 'P'W(x)G (6)
2 EEm kKRR IR T
S = A JE A B U IE R Sk K 1R Re Ry B R AR

Z Wi EE NSRS ECON B K E 98 R

B RO 3 R OT R, AR SCHF5E Y = AR JE R Tt 1 45

CEaR NS I ST N 1< B 19 e 1 T i S 2

BA-HICHIE B B R BN — 2, AR B b

ARREBE N 0.6 mm, i FIREBEHN 0.8 mm,

T BT E T 20 Ao AR SCHE T B A ke

e 1ot T ek K 5 A Y AR R U A Y A K R

w L IE P d i TE RS AR 0 X Sk oK T PERE By R .

Hp

F1 =MEfounEss e

Fig.1 Structure cell of triangle labyrinth channel of emitter
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e R taany I 4 R
w/mm d/mm 0/(°) k x

0.8 0.4 90 1.0235 0.3993
2 2.4 0.4 90 1.1332 0.464 8
3 0.8 1.4 90 0.901 6 0.6222
4 2.4 1.4 90 1.027 1 0.5135
5 0.8 0.9 60 0.9912 0.4393
6 2.4 0.9 60 1.0413 0.4923
7 0.8 0.9 120 0.906 1 0. 603 8
8 2.4 0.9 120 1.0267 0.5156
9 1.6 0.4 60 0.980 7 0.456 2
10 1.6 1.4 60 0.9523 0.507 7
11 1.6 0.4 120 1.002 2 0. 655 1
12 1.6 1.4 120 0.8923 0.7121
13 1.6 0.9 90 0.8953 0.699 6
14 1.6 0.9 90 0.901 1 0.683 6
15 1.6 0.9 90 0.898 6 0.690 5
16 1.6 0.9 90 0.901 4 0.6829
17 1.6 0.9 90 0.896 2 0.699 2

XF 2 2 W AR RO A 45 RO B 25 2R o3 ) kAT
T AR A 3 4. R 3 AT LIE iR
RO7 258 P <0.000 1, 2 B 4 28 108 70 2 5 i
BEEMKERE R =0.999 6, £ IE 0t E R
Adj R® =0.998 5, W] itk 7 250458 780 A1 56 B2 A AT 5
R by B R o B ) KG  JE Adeq Precision
99. 425 FER 5 FE SR T 4 A A LA TR, R i
AMEBA LG TR mBZ . Bk 4
LA AR HOT 2808 P <0.000 1, 52 A1 6 &
BR® =0.998 6, 1% 1F i 24K Adj R =0.994 5 i
B4 3E 145 % B Adeq Precision Sy 44. 224 , F W i
SHEBOA TR A E A AL .

R3 RERUFESW
Tab.3 ANOVA for flux coefficient

P33 FHm AEE HEE F P
KR 0.0825 12 0.006 9 895.3123  <0.000 1
2% 3.0700x10™> 4 7.6800x10°°

SR 0.0825 16

x4 REBEAESH
Tab.4 ANOVA for flow index

kU FHA AHRE ¥ F p
ik 0.1897 12 0.0158  241.6656 <0.000 1
o2 0.000 2 4 6.5400x107°

MA 01899 16

AT 2 U50 H a5 T 8% 3l e/ — e i 17 iy i
LA RAF P R Bk AR SRR 2 MR E w,
GLJE d AR 0 4N R T PR L



70 & oAk HLOM R 2013

4.

k=0.900 +0. 043w —0.035d -9. 625 x 10 *¢ +
3.950 x 10 *wd +0. 018wl — 0. 02040 +0. 079w +
0.044d” +0.0146° —=0.022w’d - 0. 015w°6 +

0.016wd’ (7)
x=0.690 —8.800 x 10 “w +0.027d +0. 1006 —
0. 044wd - 0. 035wh +1.375 x 10 *do - 0. 130w” -

0.061d”> —0.0486" +0. 041w’ d - 0. 054w°6 -
2.000 x 10 wd’ (8)
FH AL i 2R BRI 25 48 B0 06 A AU 22 HS A ) 1 R
ALK E 4 ~6 s, WK 4 ] LLFE
th VLT AR R e e R R R R Bl A i E
BRI BGIN, UR R RO WU X 2 RO i TE
%ﬁﬂgij(i@T‘bmﬁﬁmﬂ(%w%%‘bmffg;E@%‘bw
ARG I, T R B REIRE TR . IS 6
A LLE Bl R B ST R R 0, A 4R A i
Tt BEE FGE K R, A E UL R R, E Ik
3 fe e (LIS Bl It 32 % 385 m T A I 5 k4% £

. e REAE
B RIS MO0 B R 3R U OB G oA A5 RERENREREXELWRSHEEE
£ B 14T TR Fig.5 Map of flow index considering interaction of

channel length and width

(a) MR (b) SF kK

®
<
= s
| &
| BN
8
0.8 1.2 1.6 2.0 2.4
w/mm
(b)
e 4 O O AT W R ey
Fig.4 Map of flux coefficient considering interaction WZLT;m

of channel length and angle

(o) WEMEE (b BEEE Bl 6 it 1 B A I T8 5% A S L R TR AL A 1 A

Fig.6 Map of flow index considering interaction of
channel length and angle

(a) MR miE  (b) SR

3 EEAREAKNERATEEREEDH

3.1 ﬁfi'fﬁﬁ““ ML, B LA R R my = (g

>

SRR X, =Ny o) (E=1m /-Lx),ﬁ‘/ﬁ?iﬁﬂm(:((rx,"',O'X»,,)o e = (s,
n) WIRERRITy 2 = g (X)) I X = (X, X)) g i BROR AS T 1 — 15, W g, (8°) =0,



414 X AFFE S I = A TR R B Sk oK PR REAR A 1 o0 A 71
BT BE R % TS T R 9% I - .
N 0 S TR BAROLIT A PR N (13

m ~F B:U L — =1 (12>

=06+ Y (X

~ axi)p(xi—ﬁﬂ (9)

TEREHLAE & X 23 16),Z, =0 Jyict 5 6 " B BRoAR
ENITIOR IR AT TR )\

L 9 : o,
\/Z{ (87)?)5*0-&

T E = AR U 45 4 2 0 S ) T E T Sk

R GE /K 3V RE v SR R Y 5 e R BE T AT R) S
RASE T o T EEME R BUE N IEABEYLL B A S

=]

H

,mz&@*h.2(§§)<wr&q (10) B A5 R 2 M 5 A5 b 1 L 2, 5 R A
= e Gy YA AR 0T o 2 R AR, R U 4 R
” :/i(agyaz (i) TSR AN AT R AR B i 2
i “\oX [sh R S T B AL e sh PR T SRR B R
HR A ] 5 B S A YIEREE &,
g oy (28) s,y (28
(a 5)5* S 1 %’r*’(a ) 21 (axi)ra" +2{ (axi)a*“% ES (13)
&, =~ exp — ~
. " J 2, H 2 H i’ i) r o, HE
/my (35), e 878 > () e Sls
FruE2E RIGE £, 0
(25 ), o e -3 (3F) o+ X (55), »]
80'2— - 5 7 o
2 (3 (55), )
oy [28) sy (28
exp %_LEFX(& -2 (aXL.)W‘SL » (aX )5*““ EE (1)
H 2 H " ae 0\ =)=
O Cl Z (T&)s*‘TY OO
3.2 RERNMRSEREEESN A A5 8 B T B 5 9 SR 4K

O3 T Bl f /N 3 e 7 il TV R A I R
G INRSS iy G O L I VATTNESR Y €2 s DVA: N AT X
4 R URE Y DI RE oR R, A8 B Y A E AR I 25 R TR 1
rhou B L X (13) SRAS It 1E K L B B N EE A
SR RSN K e, = (5.684 x 1077,
-3.588 x107*, -6.453 x10 7). = ( —3.778 x
1077,5.223 x107*,2.545 x 10 ) ; g (14) o sk 18
TIE A B | T BE A A AR S5 R b v 22 0 R B
e, =(-6.256 x107%, —4.681 x 107", - 8.987 x
107), e, =( -4.656 x 10", - 7.677 x 107",
-3.651x107%),

B o3 B 4 AT LUE 0 Sk O O R Ay ]
S B 0F L B R B U T B Y 1 (R 2 AP B, X
Ui T 5 7 T (R R RO A 2% 5 U R B0 T A P B
UL TR RGO A =, B A I D8 B RN AR R
T REAR o DAL Tt 2R B572 S s o 2 19 ] 1k R 02
DLE A A8 b o 2 04 R S Pk R AORE R Ol 11, TR
AR B AT R B AR b v 22 G i R A
i S Yt 0 It A R0 AT S RN I T B R T 5 A
() B R BIOPE B, % A T K B ) B 0 R MR 2%

T 452 R 5 90 A 3 9 R IR DA A R
b 22 B T RE IR R BUE A U, BT R
22 1A ] S SR A0 I O B A A R A
A 7 S b v 2 1 6 T T A AT o

Hhy L 3R AL AR ORI 25 4 RO S Ik R AU
e AT 0, K B G B B T 2 BN T T TR Sk oK g
FIE P 52 R B2, R X6 4 Sk K g P R 52 o B R T
B, TR Sk BT AR v o A ) AT i i 9 K
o I Sk K 0P RE R R R R AEUEE I B AR T
BRGET R A0 B B R Y S A
YERENLAS 1, %5 08 1 B AL DR 2200 Sk oK F1 Pk RE 9 52
Wi , 55 H LAY 22 4 R BAE AR L, nT UK n] S R BU%
1 PR UL 2 RO T H I UK 5 4, B A — E 1Y
TRER AN E

T ) SO B TR 3% K K P BE AR R R U
BT R 0 1 A M A R — B R T Ay
LA

&

(1) Sk A 8 AL F5 28 5010 T 5 88 X O K B A

4



72 £~

o L AR

o
-

it 2013 4

UL 8 JRE B P 2 Ak B, 0 O T B A Y (R
TRV 2 5 U A AR IO ) B A O B R
v, B A U G R 0 R 38 DR AR

(2) ¥ s L TE AL A5 95 KRG AT 56 J3E X 3t 1 5 5 A
UL B 1) P AR B, 0 R TE K Y (R
BV 0 22 5 U AS A B0 R R VB A A T 9 R A 9 3
B e Ay 8 RT3 R T A

(3) 1 Sk WAL 1 A 72 B3 o4 22 1) 189 2 e AR 3
e WL IE AR BN A SR B T SR

(4) 5T 3l e/ 3R iy 17 i i #) JeE 7 S 7K
T3 B B AR FRCAR 2 o %0, 0 T X 35 Sk K g PR BE RE AT
AR SRR A3 BT, T AT A SR ARE R A 3
ZRCIE BT PO LORS B 5, DT i R Sk K 1k
AE H TR

2 £ x W

1 LiYK, Yang PL, Xu T W, et al. CFD and digital particle tracking to assess flow characteristics in the labyrinth flow path of a
drip irrigation emitter[ J]. Irrigation Science, 2008, 26(5) ; 427 ~438.

2 BRI A AR, 5. T KA R TE A SRR AR SRR AT SRR AT SE LT ] K244 ,2005,36(7) :886 ~ 890.

Li Yunkai, Yang Peiling, Ren Shumei, et al. Experimental study on flow characteristics in labyrinth path emitters[ J]. Journal of
Hydraulic Engineering, 2005, 36(7) : 886 ~890. (in Chinese)

3 Palau S G, Arviza V G, Bralts V F. Hydraulic flow behavior through an in-Line emitter labyrinth using CFD techniques [ C] //
ASAE/CSAE Meeting, Canada, 2004;: 1 ~8.

4 TR UL BT AR S BT IE S I Y 1K B A T K S S B BT RIS LT ] TG 2 A I R A 4 4R ,2006,40 (1) <31 ~ 35.
Zhang Jun, Hong Jun, Zhao Wanhua, et al. Parameterized design of labyrinth-channel emitters based on orthogonal experiments
[J]. Journal of Xian Jiaotong University, 2006, 40(1): 31 ~35. (in Chinese)

5 WeiQ, Shi Y, Dong W, et al. Study on hydraulic performance of drip emitters by computational fluid dynamics[ J]. Agricultural
Water Management, 2006, 84(1 ~2): 130 ~136.

6 LiY, Yang P, Xu T, et al. CFD and digital particle tracking to assess flow characteristics in the labyrinth flow path of a drip
irrigation emitter[ J]. Irrigation Science, 2008, 26(5) : 427 ~438.

7 Zhang J, Zhao W, Wei Z, et al. Numerical and experimental study on hydraulic performance of emitters with arc labyrinth
channels[ J]. Computers and Electronics in Agriculture, 2007, 56(2) . 120 ~ 129.

8 Liu H, Huang G. Laboratory experiment on drip emitter clogging with fresh water and treated sewage effluent[ J]. Agricultural
Water Management, 2009, 96(5) . 745 ~756.

9 Arar, RN, MBY]. BT EUESMEARNEE RES IS ERITSEIT]. R LY ,2010,26(5) - 14 ~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 Chinese Society of Agricultural Engineering, 2010, 26(5) : 14 ~20. (in
Chinese)

10 Zhang J, Zhao W H, Tang Y P, et al. Anti-clogging performance evaluation and parameterized design of emitters with labyrinth

channels[ J]. Computers and Electronics in Agriculture, 2010, 74(1): 59 ~65.
1T E547, BRIESE 3 52, 45 BN B E A Y RLTTBU A [T ] ok L2244k ,2010,26(3) 120 ~24.
Ge Lingxing, Wei Zhengying, Cao Meng, et al. Deposition law of sand in labyrinth-channel of emitter[ J]. Transactions of the
Chinese Society of Agricultural Engineering, 2010, 26(3): 20 ~24. (in Chinese)

12 Puig-Bargués J, Arbat G, Elbana M, et al. Effect of flushing frequency on emitter clogging in microirrigation with effluents[ J].
Agricultural Water Management, 2010, 97(6) . 883 ~891.

13 Capra A, Scicolone B. Emitter and filter tests for wastewater reuse by drip irrigation[ J]. Agricultural Water Management, 2004 ,
68(2) . 135 ~149.

14 A 304 00 B R /KRR 5 KR X Sk b st ZE MR RE R S m [ ] ol HURLAA 42 ,2012,43(3) 139 ~45.

Niu Wenquan, Liu Lu. Influences of sediment concentration and water temperature of muddy water on emitter clogging[J].
Transactions of the Chinese Society for Agricultural Machinery, 2012, 43(3): 39 ~45. (in Chinese)

15 XU, RO RIS , 55 ik T B0 TS 2 5 T Sk i 7K g P RE Ao e oy VS A LT 1. Aol AR 2441 ,2011,27(2) :46 ~51.

Liu Chunjing, Tang Dunbing, Zheng Jiaqiang,et al. Optimization of hydraulic performance for drip irrigation trapezoidal labyrinth
channel of emitter using response surface methodology[ J]. Transactions of the Chinese Society of Agricultural Engineering, 2011,
27(2): 46 ~51. (in Chinese)

16 GB/T 17187—2009 AV HEBBEA K RS BRI ANLE g [S].

17 SRBH. 5K T REBE AT —— 5 i AR [ M. dbat B2 W kL ,2009.

18 XY . WILAR AT FE P 20 BT A9 0 B TR 5T [ D . 722« PG Jb ok 2, 2006.



