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Uniformity of Fixed Spray-plate Sprinkler under Windy Condition
Based on Ballistic Simulation

ZHANG Yisheng' ZHU Delan'® SONG Bo' ZHANG Lin®

(1. College of Water Resources and Architectural Engineering, Northwest A&F University, Yangling, Shaanxi 712100, China
2. Institute of Water Saving Agriculture in Arid Areas, Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract. In order to simulate fixed spray-plate sprinkler water distribution and Christiansen uniformity
(CU) under open field conditions, the method for calculating water distribution was proposed by applying
droplet size distribution, simulation of droplet distribution utilize droplet trajectory computations and
wind-distored model. The accuracy of water distributions of Nelson D3000 spray sprinkler was validated
by comparing simulated with observed patterns, it was found that the software appeared to be an effective
predictor of sprinkler performance in wind. Under this premise, the water distribution was simulated at
different wind speeds with 4. 76 mm nozzle diameters (24#), the factors, including wind speed, wind
direction, sprinkler spacing, working pressure and riser height, which may affect CU, the wind drift and
evaporation losses ( WDEL) under different working conditions were analyzed. The results showed that
sprinkler spacing had the most important influence on CU at 95% confidence interval, and it was followed
by riser height and working pressure, wind speed and wind direction did not significantly affect CU.
Increasing wind speed, working pressure or riser height indicated an increase in the OWDEL, and
working pressure can dramatically affect the OWDEL on account of smashing large water droplet to
pieces. Using this sprinkler, the lateral moving irrigation system can attain a high uniformity coefficient at
2. 13 ~3. 14 m sprinkler spacing along the lateral when the wind speed was lower than 6 m/s, and with

this range of mounting spacing, increasing sprinkler riser height or working pressure cannot promote a

Wk B . 2016 —06 — 13 &[5 H 3. 2016 —07 —22

ESWE: =" [ 5RHEL#H % H (2015BAD22B01 - 02)

TEE R s KLITH(1988—) T, b/, BN TR K 1% BF 50, E-mail : hnsqzys@ 163. com
SEAE R : ARG (1969—) 40 HOHE 112 B0, 8 S 45 K WE 4 AR BP9 , E-mail: dlzhu@ 126. com



92 P A1 R R 4

2017 4

higher CU distinctly, low working pressure was recommended considering little cost in the design of the

sprinkler irrigation system. In addition, decreasing the riser height can reduce WDEL effectively, in

order to increase water use efficiency, low height cooperated with plant height was reasonable.

Key words; fixed spray-plate sprinkler; sprinkler irrigation uniformity; water distribution; windy

condition ; ballistic theory
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Fig. 1 Droplet or water distribution under windy condition
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Fig.2 Comparison of measured and simulated water distributions
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Fig.6  Wind drift and evaporation losses under

different working conditions
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Tab.5 Analysis of variance between each factor
and wind drift and evaporation losses
HRE  WEVIFH AmE Bk F p
JRL 1. 994 2 0.997 34.975 0. 000
TYERESN 25. 447 2 12.723  446.245 0.000
£ 0.472 2 0.236 8. 280 0. 002
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