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Note: 1 and 2 are outlet planes of droplets or airflow for drift evaluation, 3 is plane with vertical distance 0.5m to outlet of duct for droplet deposition evaluation.
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Fig.l1 Geometric model of discrete-phase simulation
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a. Droplet diameter distribution under condition one
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b. O NSRRI A
b. Droplet diameter distribution under condition two
e Lol 1R S HOh: AR RGE 4 m/s. WIS 0.03339 kg/s. W%
10y HEOXEE 10 m/s; THL RIS HON: BANE 8 m/s. W% i
1 0.03339 kg/s+ WiZ5AH 150, BEFXGE 12 m/s.
Note: Condition parameters shown in Fig.a are wind speed 4 m/s, spray
flow 0.03339 kg/s, spray angle 0, air-assisted velocity 10 m/s. Condition
parameters shown in Fig.b are wind speed 8 m/s, spray flow 0.03339 kg/s,
spray angle 15°, air-assisted velocity 12 m/s.
B2 FAkEZEIAE
Fig.2 Droplet diameters distribution
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a. HARRGE 4 m/s, W% 10°
a. Wind speed is 4 m/s, spray angle is 10°
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c. FBRIATE 4 m/s, WUt 0.0277 kg/s
c. Wind speed is 4 m/s, spray flow is 0.0277 kg/s
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Table 1 Uniform design of CFD Simulation of Multi-state
WS HARRH M5 55 Y W% £ T R
No. of Wind Spray Spray Inlet

test speed/(m's™) ﬂow/(kg-s'l) angle/(°) velocity/(ms’l)

1 4 0.03339 0 10
2 4 0.02520 20 12
3 8 0.02835 5 10
4 8 0.03339 15 12
5 8 0.02520 10 6
6 0 0.02205 0 6
7 4 0.02205 15 4
8 4 0.03087 5 6
9 6 0.03339 10 4
10 2 0.03087 15 8
11 6 0.03087 20 10
12 2 0.02835 0 12
13 0 0.03339 5 8
14 8 0.03087 0 4
15 6 0.02520 0 8
16 2 0.02205 10 10
17 6 0.02835 15 6
18 0 0.03087 10 12
19 6 0.02205 5 12
20 8 0.02205 20 8
21 2 0.02520 5 4
22 4 0.02835 10 8
23 0 0.02835 20 4
24 0 0.02520 15 10
25 2 0.03339 20 6
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b, FARRGE 4 m/s, MG 8 mJs
b. Wind speed is 4 m/s, inlet velocity is 8 m/s
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d. WEZE 0.0277 kg/s, WiZAH 10°
d. Spray flow is 0.0277 kg/s, spray angle is 10°
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e. HEFRGE 8 m/s, WEZZUIE 0.0277 kg/s
e. Inlet velocity is 8m/s, spray flow is 0.0277 kg/s
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Fig.3 Mapping relations of working parameters with droplet drift loss rate
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Table 2  Test results of typical working conditions
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Modeling and compensation for characteristic of droplet drift on
air-assisted boom spraying accounting for wind speeds

Yuan Jin'?, Liu Xuemei?*, Zhang Xiaohui*?, Zuo Wenlong®*, Wang Xiu®, Chen Liping®
(1. School of Mechanical and Electronic Engineering, Shandong Agricultural University, Tai'an 271018, China;
2. Shandong Provincial Key Laboratory of Horticultural Machinery and Equipment, Tai'an 271018, China;

3. National Research Center of Intelligent Equipment for Agriculture, Beijing 100097, China)

Abstract: Air-assisted boom spraying has proven to have a positive effect on drift reduction. However, its effects
with certain operational parameters of air-assisted boom sprayers are varied depending on natural wind speeds, outlet
velocities of air curtain, spraying flow, spraying angle and etc, thus the spray drift rate and deposition rate are not
stable in the field working. For example, if wind speed is low, and airflow and outlet speed of wind duct are high,
which not only increases the power consumption of the fan, but also directly blew the droplets to ground and formed
serious spray loss. On the contrary, when the wind speed is high, the speed of air-assisted flow is not enough to
overcome the influence of wind, the spray droplets is drifted. To provide the control parameters to achieve precise
control model with pesticide effect, this paper, leveraged by a three-dimensional multiphase flow computational fluid
dynamics (CFD) model with the consideration of wind speeds, inlet speed of air curtain, spraying flow and spraying
angle, simulates the coupling interaction of natural wind (continuous phase), the air curtain (continuous phase) and
the droplets (discrete phase) of the air-assisted boom sprayer to study the droplet drift characteristics. The uniform
experimental design took into the four factors with five levels of L2- deviation of the uniform design table U25 being
applied to arrange the simulation scheme. Two criteria, the drift rate and the downward velocity under the duct 0.5m,
were used to evaluate the spraying performance under the computing utilizing CFD simulation results. The
simulation results were collected as training samples, and the multivariate relevance vector machine (MRVM)
regression method was utilized to establish the 4-inputs-2-outputs spraying drift model accounting for the varying
natural wind. The CFD simulation and the MRVM model only considered the four factors which influenced the
spraying effect, however the vertical distance when the dense degree, crop of nozzle and the crop canopy were not at
the same time, influence of spray effect was also affected by these parameters. Therefore, a fuzzy inference system
model considersing crop canopy dense degree and vertical distance between nozzles and canopy was established to
correct the 3 control parameters. According to the experiment, spray system analysis and expert experience, 11 fuzzy
rules with Gauss membership function were set up. By using the fuzzy logic toolbox, fuzzy inference system was
defined to obtain the mapping between input and output. In order to quantitative analysis the modeling quality of the
droplet drift characteristics, the 3MQ - 600 type air-assisted boom sprayer was used in the droplet drift test. Model
tests showed that the mean absolute percentage error of the drift rate was 2.56%, and the spraying drift test of
air-assisted boom sprayer prototype with natural wind disturbance had validated that the measured and predicted drift
loss rate average error of 8.92%, which still showed the same interaction rule with the built spraying drift predictive
model. This study provided the active control system with spraying ant-drift and droplet deposition effects-oriented
control and decision-making model.

Key words: spraying, flow fields, models, anti-drift, multiple working conditions, air assisted boom sprayer
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