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Fig.1 Structure of emitter
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Fig.2 Division and working principle of flow channel of emitter
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SRR KM SAEERIREE, mm: T RREKERRE 5 KRR EE,
mm; W RS S BEIRIEE, mm; Z RIS 4 KR R KE
EYERE, mm: d RRPIKAERE S, mm, .

Note: S is distance between dividing water device and flow channel side wall,
mm; 7 is distance between blocking water device tooth and dividing water
device, mm; W is distance between blocking water device and flow channel side
wall, mm; Z is maximal flow channel width of blocking water device and
dividing water device, mm; d is bottom pillar height of blocking water device,
mm, same as below.

B3 R E T IUT A4
Fig.3 Geometry parameters of flow channel unit of emitter
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Table 1 Value of flow channel geometry parameters of emitter

7K JUTZHURE Geometry parameters values
Levels S/mm T/mm W/mm Z/mm d/mm
1 0.6 0.6 0.6 1.0 0
2 0.7 0.7 0.7 1.1 0.3
3 0.8 0.8 0.8 1.2 0.6
4 0.9 0.9 0.9 13 0.9
5 1.0 1.0 1.0 1.4 1.2

W SRR S BEEEFE, mm; T RREKA5RE KR E e,
mm; W RR KIS BEE AR, mm; Z RS 2 K R it K
B, mm; d ZREOKIHRAER, mm, TR

Note: S is distance between dividing water device and flow channel side wall,
mm; 7T is distance between blocking water device tooth and dividing water
device, mm; W is distance between blocking water device and flow channel side
wall, mm; Z is maximal flow channel width of blocking water device and
dividing water device, mm; d is bottom pillar height of blocking water device,
mm, same as below.
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Table 2 Orthogonal experiment scheme and experimental results

ZHIE T AT
L Parameter value L R R Flow index
UES Flow

Flow e A

Scheme S/ 71/ W/ Z/ d rateq/ coefficient  Experimental Estimated

mm mm mm mm mm (L-h")

value value

1 06 06 06 1.0 0 2.185 0.363 0.458 0.460

2 06 0.7 0.7 1.1 03 2311 0.390 0.454 0.455

3 06 08 08 1.2 0.6 2423 0.418 0.449 0.450

4 06 09 09 1.3 09 2.561 0.452 0.443 0.445
5 06 1.0 1.0 14 12 2721 0.486 0.440 0.440

6 0.7 0.6 0.7 12 09 2.174 0.377 0.446 0.445

7 0.7 0.7 0.8 13 1.2 2296 0.405 0.442 0.441

8 0.7 0.8 09 14 0 2.655 0.466 0.443 0.442

9 0.7 09 1.0 1.0 03 3.165 0.509 0.464 0.460

10 07 1.0 06 1.1 0.6 2.288 0.388 0.453 0.455
11 08 0.6 0.8 14 03 2326 0.415 0.440 0.438
12 08 0.7 09 1.0 0.6 2613 0.438 0.456 0.456
13 08 0.8 1.0 1.1 09 2.673 0.457 0.451 0.451
14 08 09 06 12 1.2 2.055 0.359 0.445 0.445
15 08 1.0 0.7 1.3 0 2433 0.425 0.446 0.447
16 09 06 09 1.1 1.2 2419 0.418 0.448 0.447
17 09 07 1.0 12 0 2.859 0.490 0.449 0.448
18 09 08 06 1.3 03 2.155 0.379 0.443 0.442
19 09 09 07 14 0.6 2246 0.403 0.438 0.438
20 09 1.0 0.8 1.0 09 2.887 0.483 0.455 0.456
21 1.0 06 1.0 13 0.6 2.697 0.497 0.432 0.439
22 1.0 0.7 0.6 1.4 09 2.128 0.386 0.435 0.433
23 1.0 0.8 0.7 1.0 1.2 2311 0.394 0.452 0.451
24 1.0 09 08 1.1 0 2.679 0.453 0.453 0.453
25 1.0 1.0 09 12 03 20918 0.502 0.448 0.448

I g, ANHEJT 50 kPa W REAE: IRSTEEUE b BB A3
Note: ¢, flow rate value under inlet pressure 50 kPa; Flow index is estimated by
regression model.
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Fig.4 Relationship between flow rate and pressure for
experimental scheme 9 and 21

3.2 REHEMREEN
25 ZHIREG 7 RAE 5~15 m W E/K 23908 45 44 J=) 55 4

KZBN 6.698~19.130, HitBELERNFEK 3, MG
T S5 R SR 345k R BN 2.100~4.84012°7%, 5 A EL
Re R A BT i o

#z3 FREFR 5~15 m BFHEKSFREEHBHRK R

Table 3 Local loss coefficient of emitter with different flow

channel structures in different schemes at 5-15 m

775 Scheme Loc)i?éjffzif%iem Ji% Scheme Loc}?l?(iz? jzi‘fiﬁ:zient
1 6.802~7.496 14 13.430~14.271
2 7.546~8.204 15 12.907~14.095
3 10.767~11.588 16 12.016~13.779
4 13.939~14.788 17 10.246~10.958
5 16.017~17.592 18 14.949~15.562
6 13.011~14.283 19 16.334~17.744
7 15.846~16.268 20 8.138~8.729
8 13.898~14.760 21 18.416~19.130
9 6.698~7.281 22 18.060~18.457
10 9.013~9.696 23 9.248~9.968
11 16.170~17.611 24 8.507~9.204
12 7.126~7.713 25 11.241~11.813
13 9.660~10.211

3.3 MASEHBEMERSH

TR 2 PRASEERKEANIRE TR R 4
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Table 4 Range analysis results for orthogonal experiment

Ap i MAFEEL Flow index
Variable S T W Y d
K 2.2440 22240 22340 22850  2.2490
K, 2.2480 22360 22360 22590  2.2490
K; 22380 22380 22390 22370 22280
Ky 2.2330 22430 22380 22060 22300
Ks 2.2200 22420 22360 21960 22270
ki 0.4488 0.4448  0.4468 04570  0.4498
ks 0.4496 0.4472 04472 04518  0.4498
ks 0.4476 0.4476 04478 04474  0.4456
ky 0.4466 0.4486  0.4476 04412  0.4460
ks 0.4440 0.4484  0.4472 04392 0.4454
% % Range 0.0280 0.0190  0.0050  0.0890  0.0220

e KRR 1 5] BT 505 i b, B SRS TR B AN 1 38R KIS

ARPHIMH.

Note: K; is sum of flow index for level i; ; is arithmetic mean of K.
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Fig.5 Effect of emitter structure parameters on flow index x
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Table 5 Variance analysis on effect of emitter structure
parameters on flow index

H HE

75 A

Variance A Degree of Mean sum il

Sum of square F Value
source freedom of square

N 9.51x10° 4 2.38Ex107 9.10

T 4.62x10° 4 1.16Ex10” 443

w 3.04x10° 4 7.60Ex107 0.29
VA 0.0010858 4 0.000271 104.01

d 0.0001034 4 2.59x10° 9.91

Note: Fos(4,8)=3.84.
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Table 6 Verification scheme and results

3.4

o GeometrJ;rL Lz[r;n%t{eﬁrs values G T;'EX;;

C;rou Experiment Estimated Relati
P §mm Tmm Wmm Zmm d/mm  value value clative
error/%

1 0.6 0.6 0.7 1.2 0.9 0.452 0.447 1.17

2 0.8 0.8 0.6 1.4 0 0.444 0.440 0.824
3 1.0 1.0 1.0 1.4 1.2 0.433 0.435 -0.46

KB REFE
Fig.6 Prototype of flow channel of emitter
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Hydraulic performance and ener gy dissipation effect of two-ways mixed
flow emitter indrip irrigation

Guo Lin', Bai Dan'*, Wang Xinduan®, He Jing*, Zhou Wen?, Cheng Peng?
(1. Institute of Water Resources and Hydroelectric Engineering, Xi’an University of Technology, Xi’an 710048, China;
2. School of Water Conservancy, North China University of Water Resources and Electric Power, Zhengzhou 450011, China)

Abstract: The two-ways mixed flow emitter is a new kind of drip irrigation emitter. The main energy dissipation mechanism
is forming many kinds of flow patterns, such as sharp turn flow, two-ways flow and mixed flow to increase more local head
loss and eliminate extra inlet pressure. These flow patterns are produced by dividing water device and blocking water device in
the flow channel. This structure can enhance the effect of dividing flow, sudden shrinkage, and sudden enlargement of flow
channel section. In order to study the hydraulic performance and the effects of geometric parameters on hydraulic
characteristic, we arranged 25 experimental schemes according to the orthogonal experimental design method with flow index
as evaluation criteria. Five key geometric parameters (distance between dividing water device and flow channel side wall,
distance between blocking water device tooth and dividing water device, distance between blocking water device and flow
channel side wall, maximal flow channel width of blocking water device and dividing water device, bottom pillar height of
blocking water device) were chosen and to flow rate and flow index under different pressures were determined. Laboratory
experiments were carried out in State Key Laboratory Base of Eco-hydraulic Engineering in Arid Area, Xi’an University of
Technology. Each experimental scheme was set 5 repeats by using high-precision engraving technology and average flow rate
was taken to ensure the accuracy of results. Based on the flow rate of each experimental scheme, the flow index was obtained
by using multivariable regression method. At the same time, the local loss coefficient of unit flow channel was calculated on
the basis of hydraulic theory. In addition, the results of orthogonal experiment were analyzed with intuitive analysis and
variance analysis. Then the regression model between geometric parameters and flow index was built. The results showed that
the logarithm of flow rate had a good linear relationship with the logarithm of inlet pressure (R*=0.998-0.999). Based on the
relationship, the flow index for the experiment ranged from 0.432 to 0.464, indicating excellent hydraulic performance. The
local loss coefficient of unit flow channel was in the range from 6.698-19.130. The energy dissipation effect of two-ways
mixed flow emitter was obviously improved compared with the traditional flow channel structure with local loss coefficient of
2.1-4.8. Among the 5 geometric parameters, the maximal flow channel width between blocking water device and dividing
water device was the most important influential factor for the flow index, and followed by the distance between dividing water
device and flow channel side wall, the bottom pillar height of the blocking water device, the distance between blocking water
device tooth and dividing water device. And the effect of these factors on the flow index was significant. However, the
distance between blocking water device and flow channel side wall did not significantly affect the flow index. And the
regression equation based on the parameters and flow index was well established with R* of 0.94 (P<0.01). The regression
model was verified using the hydraulic experiments with the other three groups of structure parameters. The relative error of
estimated and experimental flow index was from -0.46% to 1.17%, which verified the accuracy and reliability of the regression
model. These conclusions can provide theoretical evidence for structure design, pre-research and evaluation of hydraulic
performance of two-ways mixed flow emitter.

Keywords: energy dissipation; structure; flow rate; drip irrigation emitter; working mechanism; geometric parameters; local
head loss
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