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Development of Orchard Symmetric Swing Mist Spraying System

Liu Jizhan' Wang Qin'  Zhan Guoxiang® Feng Shanghai'
(1. Key Laboratory of Modern Agricultural Equipment and Technology, Ministry of Education,
Jiangsu University, Zhenjiang 212013, China
2. Zhenjiang Agricultural Machinery and Technology Extension Station, Zhenjiang 212013, China)

Abstract. Present orchard spray equipment is much larger, and both power and pesticide consumption
are much higher. To overcome the above deficiency, an orchard symmetric swing mist spraying system
was developed. To expand the diameter of mist spraying, a planar-spatial hybrid mechanism was designed

firstly by analyzing the configuration of driving point and fulcrum, and degree of freedom. The planar-
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spatial hybrid mechanism was driven by a DC motor, which consisted of a symmetrical double crank
mechanism and different multi-degree joints at driving points and fulcrums to realize spatial swing motion
of the two mist sprayers. To simplify the manipulation and avoid the backflow of pesticide, a MCU control
system was designed to realize one-button start/stop operation of the complex action process of the
symmetric swing mist spraying system. According to the orchard’s specification, the structural
parameters, including the length of the crank, the height of crank center, height of fulcrum, distance of
crank center and distance of fulcrum, were determined by nonlinear programming that took the
minimization of machine size and the effective covering of canopy by mist spray as objective and constraint
conditions, respectively. And then to achieve the highest efficiency of mist spraying under the constraints
of both rate and uniformity of mist spraying, the optimal traveling speed of the machine and rotation speed
of the crank were determined. This spraying system can guarantee the effective coverage of crowns within
height of 1500 ~4 300 mm and 5 500 mm width with 400 mm radius mini mist sprayer, and guarantee the
uniformity and quantity for spray of mist spraying on both sides of the trees, whose working efficiency can
reach 2. 33 ~2.67 hm®/h. It is an energy-saving, pesticide-saving and miniature mobile orchard spraying
system and will be a better selection in the future for pest control in orchards.

Key words: Orchard Symmetric swing mist spray Spraying Design Optimization
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3D Inverse Design and Performance Investigation of Pump-turbine Runner

Wang Xuhe' Zhu Baoshan' Fan Honggang' Tan Lei' Chen Yuanlin® Wang Huanmao®
(1. State Key Laboratory of Hydro Science and Engineering, Tsinghua University, Beijing 100084, China
2. Harbin Institute of Large Electrical Machinery, Harbin 150040, China)

Abstract; 3D inverse design method was applied to configure the runner geometry of a middle-high head
pump-turbine, in which design parameters were given according to pump operation and iterative
calculations conducted from turbine direction. Model tests were performed to measure performances of
developed runner under different operating modes and points. Test results show that the highest efficiency
under pump mode is 91.34% , and highest efficiency under turbine mode is 88.5% . Internal flow
analyses based on viscous full passage computations show that water pass through the passage smoothly
with smaller loss under pump mode, while rather serious incidence loss exists at runner inlet and large
low pressure area exists at suction side under turbine mode.

Key words:; Pump turbine 3D inverse design Model test Numerical simulation



