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Water Distribution Model of Fixed Spray Plate Sprinkler
Based on Ballistic Trajectory Equation

Zhang Yisheng' Zhu Delan'®  Zhang Lin®”  Gong Xinghui'
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Abstract; The research on simulation of water distribution of fixed spray plate sprinkler was limited.
Experiments were conducted to test the droplet velocity and angle of the Nelson D3000 spray plate
sprinkler under different working pressures and different nozzle diameters by using droplets photography
technology. Empirical relationship was built and jet velocity and angle were related to working pressures
and nozzle diameters. Based on this, a three-dimensional numerical model was developed to describe the
water-drop trajectories of individual drops after their releases from the nozzle. The model was solved by
multistage Runge — Kutta algorithm and output data included droplet size distribution, water distribution,
kinetic energy distribution and water evaporation loss of the sprinkler. A custom computer software script
was developed by using Eclipse software to implement the method to engineering case study. Hydraulic
characteristics of the Nelson D3000 spray plate sprinkler under different working conditions were
simulated by using the software. Single sprinkler data were used to calculate the overlapping uniformity of
moving sprinkler irrigation system with different spray sprinkler spacings. Results showed that the
simulated droplets distribution and water application were correlated well with the experiment data. The

relative error between simulated and measured values of Christiansen uniformity was ranged from
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0.04% ~14.77% , and the software can provide technical guidance for optimal design of linear-move

sprinkler machines.
Key words: Sprinkler irrigation

distribution  Software
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Tab.1 Spray velocities and angles of sprinkler under different working conditions
TS P SE 0,/ (mes ) S
p/kPa 15 SWiHE 20 SWEME 24 SWEHE 36 SWINE 44 S 15 SWEHE 20 SWEWE 24 SWEHE 36 SWEME 44 S
250 15.26 15.05 15.85 0.170 0. 194 0.212
238 16. 10 0.251
200 12. 88 14.28 14.91 15.56 0.162 0. 184 0.204 0.245
193 15. 16 0.258
171 14. 44 0.250
150 11. 34 11.97 12.97 13.23 13.58 0. 157 0.176 0.198 0.235 0. 246
124 12. 17 0. 240
100 8.79 9.55 10. 53 10. 99 10. 97 0. 151 0.171 0. 190 0.215 0.232
70 9.14 0.217
50 6.27 6.55 7.37 7.50 0. 145 0.167 0. 159 0.202

35 6.19 0.210
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