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Structure design and hydraulic performance test
of water and pesticide integrated sprinkler

ZHANG Qing, LIU Junping* , YUAN Shouqi, LI Yangfan, LI Hong
('National Research Center of Pumps, Jiangsu University, Zhenjiang, Jiangsu 212013, China)

Abstract: A new water—pesticide integrated sprinkler was designed by applying water medicine inte-
grated technology to sprinkler irrigation system. An orthogonal array with five factors and four levels was
selected to carry out the experiments, and the optimum values of structure parameters were confirmed
after the experiments. The influence of the sprinkler structure on hydraulic performance, mainly
include the flow rate, the range, the spraying net height and uniformity coefficient, under two
operating pressures of 150 kPa and 350 kPa were analyzed. Then, the best structure combination of
water medicine integrated nozzle was obtained. The results show that under the same conditions, in-
creasing of sprinkler outlet diameter can effectively improve the sprinkler flow rate and uniformity coef-
ficient. Under the same sprinkler outlet diameter, the spraying net height is increased with the increase

of flow rate. The structures of the outlet holes and beveled grooves can effectively affect the hydraulic
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performance of the sprinkler. The influencing factors in decreasing order of importance for hydraulic

performance are the sprinkler diameter, the outlet holes diameter, the bevelled grooves number, the

bevelled grooves width, the outlet holes number. The optimum structural parameters of the sprinkler are

the sprinklers diameter of 3.0 mm, three outlet holes, 2.0 mm of the outlet holes diameter, three be-

velled grooves, 0.8 mm of the bevelled grooves width. The results provide certain important theoretical

data for the design and development of the sprinkler and its engineering application.

Key words: sprinkler;water—pesticide integration ;structural design ;hydraulic performance;

orthogonal experiment
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Fig.1 Structure diagram of sprinkler
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Tab.1 Factor level of geometrical parameters

(SES
TR
A B C D E
1 15 2 1.5 2 0.5
2 2.0 3 2.0 3 0.8
3 2.5 4 25 4 1.0
4 3.0 5 3.0 5 1.3
F2 HBRAR
Tab.2 Test schemes
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Tab.3 Test results of sprinkler flow rates and net
spraying height under different working

pressures
¢/(m3 - h7h) H/m
e
150 kPa 350 kPa 150 kPa 350 kPa
1 0.117 8 0.134 7 1.30 2.00
2 0.117 6 0.143 3 1.50 2.20
3 0.1319 0.158 7 1.75 2.90
4 0.139 5 0.167 6 2.20 3.30
5 0.169 9 0.199 3 2.00 3.20
6 0.175 4 0.215 6 2.10 3.60
7 0.145 6 0.169 9 1.40 2.60
8 0.153 7 0.180 3 1.60 2.90
9 0.196 0 0.2452 2.50 3.80
10 0.182'5 0.206 7 2.30 3.40
11 0.165 5 0.203 0 2.20 3.20
12 0.153 6 0.179 0 1.50 2.70
13 0.214 7 0.257 6 1.65 2.95
14 0.181 3 0.225 4 1.55 2.65
15 0.171 4 0.261 1 1.75 3.15
16 0.184 4 0.237 5 2.35 3.55
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Fig.3 Radial water distributions of sprinkler
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Tab.4 Range of sprinklers under different working

pressure
s/m s/m
WS WIS

150 kPa 350 kPa 150 kPa 350 kPa
1 1.2 0.9 9 1.5 1.9
2 1.0 1.1 10 1.3 1.4
3 1.0 1.1 11 1.5 1.7
4 0.8 1.0 12 1.1 1.2
5 1.3 1.4 13 1.7 1.8
6 1.4 1.5 14 1.7 1.7
7 0.9 1.0 15 2.0 2.1
8 1.1 1.2 16 2.0 2.3
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Tab.5 Weight of each index

o3

p/kPa
q s H cU
150 0.101 0 0.155 5 0.130 1 0.074 3
350 0.153 5 0.191 7 0.096 8 0.097 0

B SRR BCE E AR 45 RACA 2K (3) —
(5) W IHRRRIZE SN LR G E F I3 6 .
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Tab.6 Data processing results

jEvass F LR F
1 0.335 7 9 0.569 4
2 0.474 4 10 0.492 3
3 0.4115 11 0.545 1
4 0.286 7 12 0.494 1
5 0.473 2 13 0.622 3
6 0.524 9 14 0.618 6
7 0.3923 15 0.687 8
8 0.486 9 16 0.713 6
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Tab.7 Analysis of multiple factors test results

F A B c D E

T 03771 05001 05298 04601  0.5007
T 04693 05275 05324 05322 05374
fa 05252 05092 05216 0527 05132
s 0.6606 04953 04484 05172 04809
R; 02835 00322  0.0840 00721  0.0565
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