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Structure Design and Hydraulic Performance Test of Round
Rotatory Jet Sprinkler

WANG Xinkun XU Shengrong FAN Erdong YAO Jicheng JIN Binbin
(Research Center of Fluid Machinery Engineering and Technology, Jiangsu University, Zhenjiang 212013, China)

Abstract: In order to improve the efficiency of water-saving irrigation in agriculture, the round rotatory
jet sprinkler was proposed. The CFD numerical simulation method of the sprinkler was determined.
Depth-to-width ratio ( k/w ), potential difference ratio, split distance ratio and side wall angel were
selected as the experimental factors, and frequency of wall-attached switching and flow amplitude were
taken as the indexes. The optimum structure of internal channel of sprinkler was obtained by orthogonal
test. By means of high-speed photography technology, the frequency of wall-attached switching of jet was
measured, and the inlet flow rate of sprinkler was monitored. The results showed that the simulated flow-
pressure relation was basically consistent with the experimental results. The relative error range was from
2.1% to 4.0% , and the variation trend of the frequency of wall-attached switching of jet with the inlet
pressure was basically the same, and the relative error range was from 7. 7% to 22. 2% . When the inlet
pressure was 0. 15 MPa, 0.20 MPa and 0. 25 MPa, the hydraulic properties of PY,10A impact sprinkler
and jet sprinkler were studied, respectively. The flow rate of jet sprinkler was small (1.19 ~
1.53 m’/h), and the range was long (13.0 ~15.7 m), the sprinkler irrigation intensity was small
(2.85 ~3.63 mm/h), and the rotation period was short (81 ~ 105 s). The precipitation of impact
sprinkler was “saddle” , the precipitation near and far away was relatively large, the precipitation of jet
sprinkler was “triangle” , and the precipitation was decreased with the increase of range. The research
provided a reference for the structure design and hydraulic performance optimization of the round rotatory
jet sprinkler.
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Fig. 1 Structure diagram of round rotatory jet sprinkler
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Fig.2 Three-dimensional model and mesh

generation of round rotatory jet sprinkler
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Tab.1 Level of factors in orthogonal experiments
K Ak
A B c D/ (°)
1 2.0 0.375 7 10
2 2.5 0.450 8 11
3 3.0 0.525 9 12
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Tab.2 Test scheme and results in orthogonal experiments

¥ AQ/
K5 Xy Xy X3
(K-s™")  (m*-h7")

1 1 1 1 1 12.5 0. 147
2 1 2 2 2 12.0 0. 144
3 1 3 3 3 9.0 0.133
4 2 1 2 3 12.5 0. 054
5 2 2 3 1 13.0 0. 061
6 2 3 1 2
7 3 1 3 2 11.0 0. 061
8 3 2 1 3
9 3 3 2 1 12.0 0. 104
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Tab.3 Results analysis of orthogonal experiments
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k, 12.8 12.5 12.2 11.5
ky 11.5 10.5 11.0 10.8
R 1.3 2.0 1.5 1.7
K, 0.424  0.262  0.147  0.312
K, 0.115 0.205  0.302  0.205
Ky  0.165 0.237  0.255  0.187
i A ky 0. 141 0.087  0.147  0.104
k,  0.058  0.103  0.101 0.103
kB, 0.083  0.079  0.085  0.094
R 0.083  0.024  0.062  0.010
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Tab.4 Main structural parameters of jet sprinkler
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Bl 5 7 1 8 30 4 15
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Fig.3 Schematic of high-speed photography test device
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Fig.4 Experimental prototypes of impact sprinkler

and jet sprinkler

s a5

Fig.5 Test site
DA 6 SIE (RS A0 ) o B 1, BB E D R O 0.1 ~
0.3 MPa, [5] 6 Syt sk i 3 it s ) Rl £k oy T&1 mT
R AR T /NI BEAM R 22 BN Bl E 1
JI8E R BEAPL 5% 22 0 AR I O, HUBE LR R Tl R
{BL, F2 B2 R O R 100 s g 3 R U AR 8 R AL
ES R ER AR E N 2. 1% ~4.0% , YL A BF
GRS PR LTS 1 e L BE AT RO AT Sk Y Y
PR U B 1 DL HEA T BB AL

LA —— I
—o— MELDUE

o ; : ; .
000 015 020 025 030
ELIFEH/MPa
P 6 i ik Bl T 0 Y 8 1 il 2%

Fig.6  Variation of flow rate with different pressures
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Fig.7 Variation of jet frequency of wall-attached

switching with different pressures
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Tab.5 Mass flow, range, irrigation intensity and rotation period of impact sprinkler and jet sprinkler at three

working pressures

TAEE J1 0. 15 MPa

TAEFE J1 0.20 MPa

TAEJE J1 0.25 MPa

wesk vEwE vEwE T
. W G/ " L] wht/ HHER/ " &3 Wi/ GhR/ " gl
AT 5/ R/ S/
(m*-h™") m JAM /s (m?-h") m JAM /s (m®-h") m JE /s
(mm-h~") (mm-h~") (mm-h~")
PL 1. 36 13.2 3.00 112 1.43 13.9 3.51 121 1.62 14.2 3.90 125
i 1.19 13.0 2.85 105 1. 34 14.3 3.18 96 1.53 15.7 3.63 81
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