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Design and simulation analysis of orchard self-propelled

mist sprayer

WU Sheng-xian,ZHANG Ke-ping, WANG Jiu-xin
(College of Mechanical and Electrical Engineering, Gansu Agricultural University, Lanzhou 730070, China)

Abstract: A self-propelled orchard mist spray was designed and developed to solve the problems of limited
operation in low and dense orchards, difficulty in entering traditional large—scale spraying equipment, low
operating efficiency and serious waste of liquid medicine. The machine adopts the form of pulse spray,
improves the penetration of spray through high—speed air flow, increases canopy coverage, reduces drift,
completes the design of the overall structure of the spray machine and key components such as the walking
system, spray system, and fog dispersion device, and determines that the vertical spacing between the
nozzles of two adjacent fog dispersion devices is 420 mm, and the included angle is 13°. The three-
dimensional flow field model of spray system is established by using ANSYS Fluent software, and the
Realizable k—e And DPM particle model, the change of spray velocity, particle concentration and flow field
distribution were simulated and analyzed. The field test was carried out on the operation process of the

spray machine. Compared with the simulation results, the relative error of spray speed was 5.75%, the
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relative error of spray distance was 7.52% , and the relative error of spray height was 6.84% . The research

results can provide theoretical support for the structural optimization of orchard spray.

Key words: agricultural engineering; spray machine; pulse type; flow field simulation; turbulence model
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Fig. 1 Orchard self-propelled mist sprayer

structure diagram
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Table 1 Orchard self-propelled mist sprayer main

technical parameters
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Fig. 3 Schematic diagram of the unilateral structure

of the spraying system
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Fig.5 External flow field simulation geometric model
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Fig. 8 Schematic diagram of airflow trajectory
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Fig. 10 Schematic diagram of flow field distribution under spray operation in 0~10 s
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Fig. 11 Schematic diagram of speed and stereoscopic

measurement of sprayer
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Fig. 12 Static field test of sprayer in a windless space
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Table 2 Error analysis of measured and simulated

velocity values at different sampling points

REEA KK/ (mes D) A/ (mes ) HIXRHRZE/ %

1 37.30 38.13 2.23
2 21.32 21.98 3.10
3 10.48 10.90 4.01
4 7.23 7.58 4.84
5 5.57 5.88 5.57
6 4.21 4.44 5.46
7 3.65 3.86 5.75
8 3.41 3.57 4.69
9 2.90 3.04 4.83
10 2.65 2.79 5.28
11 2.34 2.42 3.42
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Fig. 13 Measurements of spray distance and height

under simulation and physical tests
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