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Fig.1 Nozzle with rotating hydraulic atomization way
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Fig.2 Principle of rotating hydraulic atomization
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Fig.3 Schematic diagram of experimental layout for performance measurement of rotary hydraulic atomization
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Table 1 Three-factor and four-level experiment design to
measure droplet size spectrum

K% Factors

K WL iR .
Level H'_Uj—i J;\]%szlgl %%Ej}
\oltage/V Pressure/MPa
aperture/mm
1 5 0.5 0.15
2 8 0.7 0.25
3 10 0.9 0.35
4 12 1.2 0.45
2.2.2 CRMGAFHABRES T ME

RGP BRI 55 K )4 0.35 MPa, EHEmE
FLEAA 0.7 mm BWEHE/E AR %, X HLL
HELPR, 20T FEL P S0 S R 25233 SR e 29 AT PR S0
Pl B TWELIE R, 22— MHIRAER. T
WAL AR 50, AT =Mk, H
2 T 95 155 K. RN, se TR e,
REmE R A B N AR ZETF AR v I, WS 25 I )
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Table 2 Droplet size for different parameters

WHLE  WLE  AHWEIE S S
Vmg;z;v ape'\r't?frgfnm 0.15 MPa 0.25MPa 0.35MPa 0.45 MPa
05 17824 15432 12357 11048
. 0.7 18546  167.81 14238 12365
0.9 18934 17256 14845 13424
12 20045 18236 15632  145.18
05 15346  136.78 11242  98.32
. 0.7 16862 15687 13054  106.28
0.9 17325 16486 14023 11026
12 18247 16843 15038 12364
05 13236 12462 10624  90.32
o 0.7 14325 13582 11235  96.43
0.9 15678 14026 12361 10256
12 16042 15273 13528  108.26
05 11234 10044 8847  78.24
b 0.7 12457 11269 10056  90.54
0.9 12892 11834 10643  96.32
12 13574 12438 11278 10823

T BRI R S AR AR
Note: Droplet size is refer to droplet volume median diameter(VMD).
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FEEWRAE N 178.24 um, THHEALHE R (12 V)
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135.74 um, ULHIHENLEERAHIEIZHEN 5, 5%
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Fig.4 Droplet distribution for different motor
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Table 3 Effect of spraying parameters on power of pump

motor
WIS WL WU WO LB R
Spraying Nozzle Flow Power of pump
pressure/MPa  aperture/mm rate/(mL-min™) motor/W
0.5 246.4 2.8
015 0.7 348.6 3.9
0.9 583.2 55
1.2 675.4 8.6
0.5 438.2 4.8
0.7 584.4 8.3
0.25
0.9 753.6 13.6
1.2 925.8 17.4
0.5 632.6 6.6
0.7 904.2 8.5
0.35
0.9 1056.8 16.6
1.2 1260.4 217
0.5 912.8 9.4
7 1245, 14.
0.45 0 5.6 6
0.9 1489.2 18.3
1.2 1575.4 29.8

3.4 MEBLMRIEIESH
DB A5 FE ML T 28 10 A S5 A1 1 75 25 P ) R g g
LS EO MG (BRI 25 %K 524 0.35 MPa, Wi £L
o 0.7 mm i), R HHLH O LR 15
W, FaiA2 2 FE 4 AR5 45 AT 3R1G AL R
XSk SR A R, S5 R ORAER 4 .
R4 mHLEBEMEE LA R

Table 4 Effect of different motor on performance of nozzle

WAL mwkge e ol
Motor Droplets Spray Power of nozzle
voltage/VV size/um width/m motor/W
5 142.38 2.46 26
8 130.54 2.82 48
10 112.35 3.88 8.6
12 100.56 4.27 11.7

W W%k )74 0.35 MPa, WEBEALAE K 0.7 mm.
Note: Spray pressure is 0.35 MPa, diameter of tip is 0.7 mm.
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Performance experiment of rotary hydraulic atomizing nozzle for
aerial spraying application

Ru Yu, Jin Lan, Zhou Hongping, Jia Zhicheng
(College of Mechanical and Electronic Engineering, Nanjing Forestry University, Nanjing 210037, China)

Abstract: Pests and plant diseases cause damage at different levels to China’s grain production and economic
crops every year. The annual area damaged by pests and diseases is about 470 000 000 hm? resulting in
significant yield losses—about 20% of the total grain yield. A small-size unmanned helicopter has the advantages
of flexible operation, strong automatic control ability, and less droplet drift. In addition, pesticides it sprays can
penetrate a crop canopy assisted by rotor airflow. Hence, the agricultural chemical control for pests and diseases in
medium and small sized fields using a small-size unmanned helicopter is an important means to guarantee grain
production. It is one of effective methods for Chinese pesticide-spraying mechanization.
In order to realize the low-altitude, low-volume, and high-efficiency spraying demand of an unmanned aerial
vehicle (UAV), its spray system, which is the key UAV part, must meet the requirements of lightweight,
low-volume spraying and uniform spray. Based on the domestic and foreign UAV nebulization technology of
agricultural chemical spray nozzles, we tested the performance of rotary hydraulic atomizers, which combined the
advantages of both centrifuge atomization and liquid atomization, in this study. A comprehensive performance test
system of nozzle atomization was applied to detect the effect of important factors including structure parameters
(nozzle diameter), spray parameters (spray flow rate and pressure), and operating parameters (rotational speed) on
nozzle atomization efficiency (droplet size), deposition distribution, and spray span. We analyzed the correlation
between spray parameters and pump power consumption. Combined with the effect of motor voltage on motor
power, the optimum nozzle working parameters were selected. The results showed that the voltage of a nozzle
rotary motor had a more significant effect on droplet diameter than nozzle diameter and spray pressure parameters
did. Along with the increase of motor voltage, droplets became smaller, giving a better atomization effect. Motor
voltage also notably influenced spray span. The more the voltage was, the bigger the spray angle was, and the
larger the span became. Droplet deposition presented normal distribution in the spray range. The best working
parameters (10 V of motor voltage; 0.35 MPa of spray pressure; 0.7 mm of nozzle diameter) for UAV rotary
hydraulic atomizers were determined by the comprehensive test results. When these parameters were applied, the
pump power consumption rate was lowest, the average droplet size was 112.35 um, the spray span was 3.88 m,
and the motor power consumption was 8.6 W. The nozzle atomization performance test system adopted in the
present study has been calibrated and analyzed for error in other literature. Its experimental system error displayed
was less than 1%, so the test results obtained through this platform are reliable.
The results shown here provide a theoretical basis and technical support for the mounting of this novel UAV spray
device-the rotary hydraulic atomizing nozzle-onto an UAV to perform relative experiments to improve UAV
operating quality and spraying efficiency in the future.
Key words: pest control; nozzles; spraying; unmanned aerial vehicle (UAV); rotary hydraulic atomization;
optimum parameters
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