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Decoupling on Influence of Air Droplets Stress and Canopy Porosity
Change on Deposition Performance in Air-assisted Spray

LIU Xuemei'” SONG Laigi' CUI Huiyuan' LIU Yichong' LIU Xinghua'® WU Minging'
(1. School of Mechanical and Elecironic Engineering, Shandong Agriculiural University, Taian 271018, China
2. Shandong Agricultural Equipment Intelligent Engineering Laboratory, Taian 271018, China
3. Shandong Provincial Key Laboratory of Horticultural Machinery and Equipment, Taian 271018, China)

Abstract; In the air-assisted spray, the change in the porosity of the canopy caused by the wind speed of
the auxiliary airflow and the effect on the droplet migration were coupled, and the two ultimately affected
the droplet deposition performance. Studying the effect of the coupling ratio of the two on the deposition
performance can provide guidance for the optimization of air-assisted spray parameters and the
improvement of spray patterns. Taking cotton in the full blooming period as the research object, and the
different effects of the decoupling of the two on the droplet deposition behavior were analyzed by designing
a decoupling test plan. Firstly, the deformation of cotton branches and leaves under wind load was
calibrated with the help of a high-speed camera, and the fitting relationship among air velocity, leaf area
and deformation was obtained. Through carrying out the wind load deformation test of the fake blade, it
was verified that the wind load deformation error of the fake blade and the real blade was basically less

than 17% . The plan of using the simulated cotton model to be applied to the air-assisted spray test was
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determined. Then, according to the 3/8 rule of the branch and leaf configuration of cotton growth and
development, a cotton model of Scheme 1 in which the canopy porosity can be changed by wind load was
built. The data of the airflow field in the cotton canopy was measured, and the deformation of branches
and leaves under different wind speeds was calculated. Physical means were used to fix the deformation of
branches and leaves, and a Scheme 2 cotton model was formed with fixed canopy porosity after wind load
deformation. The cotton branches and leaves was fixed in the natural state and the canopy porosity was
kept unchanged under wind load as the cotton model of Scheme 3. Finally, for the cotton models of the
three test schemes, the auxiliary air flow velocity was changed to carry out air-assisted droplet deposition
experiments. The test results showed that the migration effect of airflow on droplets was more favorable to
the deposition behavior of droplets in the canopy than changes in canopy porosity. The effect of air flow
on the movement of droplets increased the droplet deposition rate by 39. 81% , and the change in canopy
porosity increased the droplet deposition rate by 10.52% . The droplet transport channel formed by the
increase of canopy pores was more conducive to the uniform distribution of droplets in the canopy than the
transport effect of airflow on the droplets. The increase in the porosity of the canopy increased the
deposition uniformity by 42. 71% , and the transport effect of the air flow on the droplets increased the
deposition uniformity by 1. 10% . This decoupling method can provide a reference for the design of spray
patterns for different crop canopy porosity changes.

Key words: air-assisted spraying; airflow droplets stress; canopy porosity change; decoupling; droplets
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Fig. 1  Air-assisted spray process decoupling test scheme
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Fig.3 Schematics of calibration of partial blade wind load deformation
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Tab.1 Statistics of blade maximum deformation

R VA X

i e KAB Y B/ mm

(mes™") U/(m-s™") it 1 2 it 3 n- 4 5 it 6 it 7 it 8 it 9 10
5 3.9 3.0 7.0 21.0 26.6 26.0 32.0 42.5 51.5 73.9 81.5
7 5.4 3.3 8.8 23.0 30.0 34.1 42.3 45.1 58.0 90. 0 93.0
9 7.0 3.4 13.0 29.1 35.8 44.4 43.1 48.9 68. 8 93.8 101.5
13 10. 1 9.3 15.9 34.0 36.0 47.9 51.2 56.9 79.8 99. 0 106. 4
17 13.2 20.3 23.0 38.8 39.2 48.7 64.3 69.0 84.2 103. 7 112.2
19 14. 8 21.0 24.4 38.9 40.9 51.9 70.5 75.5 92.5 109. 5 116. 4
21 16.4 23.8 29.0 39.1 41.1 57.4 77.8 86. 0 105.0 113.0 121.3
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Tab.2 Comparison of wind load deformation of

false blade and fitted value

MR mHKE A E, R MR/

em? V/(m-s™) mm mm %
5 9.46 8.4 12. 67
7 12.17 11.2 8. 69
9 14.90 13.5 10. 40
P4t ST it S5 DA i 9 9L i 0 ; P A2 8
Fig.4 Fitting image of blade deformation, wind speed 17 2394 216 10.82
iod leaf area 19 25. 87 23.6 9.61
21 27. 64 26.5 4.29
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Tab.3 Sampling statistical results of cotton branches
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Tab.4 Phenotypic parameters of cotton fruit branches

during flowering period cm
RERDA L i it RIS AR K
5 11.2 10. 4 13.5 8.1
6 11.5 10.9 14.2 8.5
7 13.1 11.2 14. 8 8.9
8 12.9 11.5 14. 8 8.9
9 13.8 11.6 14. 4 8.6
10 14. 1 11.7 13.6 8.2
11 14.3 11.6 12.6 7.5
12 13.2 11.5 11.1 6.7
13 13.6 11.2 9.3 6.3
14 12.1 10.9 8.5 5.6
15 11. 8 10. 4 7.9 5.1
16 10.9 9.8 7.3 4.7
17 10.5 9.1 6.7 4.4
18 10. 1 8.4 5.4 4.0
19 9.2 7.6 4.2 3.5
20 7.8 6.7 3.0 2.9
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Tab.5 Phenotype parameters of cotton leaves during

flowering period cm
AL "t 5E RIS R A
1 9.6 8.5 2.44 7.5
2 10.7 9.45 2.44 11.8
3 11.7 10.3 2.44 14. 4
4 12.5 11 2.44 15.3
5 13.2 11.6 2.44 14. 4
6 13.7 12.1 2.78 11.8
7 14.2 12.5 2.78 9.2
8 14.5 12.74 2.78 11.2
9 14.6 12.9 2.78 12.8
10 14.8 13 2.78 14.2
11 14.6 12.9 3.48 15.2
12 14.5 12.7 3.48 15.9
13 14.2 12.5 3.48 16.3
14 13.7 12.1 3.48 16.4
15 13.2 11.6 3.48 16.2
16 12.5 11 3.13 15.7
17 11.6 10.3 3.13 14.9
18 10.7 9.45 3.13 13.8
19 9.6 8.5 3.13 12.3
20 8.4 7.4 3.13 10. 6
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Fig.5 Schematic of 3/8 rule of cotton growth

PR NI L 5 T 1 BR 22 AR D SR R . O (AR AE A
RS , N B R B 27 RG] A 5
o K R b 5 20 A 8] 19 o A 48— I L D 45°,
FHAB AR BIRE A Dy 135°, SRA [R5 32 25 oK e
Fioh 450 N fE T o3 M AR E 2 N 0B o3 A B
MRz 1 ~T RN TR, REUA Y 6558 ~
14 2oz CREUBUMA O 607515 ~20 JZ 2 1JZ R
Befii ffi A 55°

Fi¢ IR Bl 25 v A AL A L A R T 5%, 20 i
TR 5T 3 MR J7 % 1 REE)Z AL
B AT XL 5 T 48 3 MR AETE JZ N R A RIRAETT
RERALBRAAE o 18] 6 hy £ 1 58 B 4 & 3 AR AE AL A
3.2.2 MRAEM L E R AR &

AR b R AR A K T A 2 2 B s A 7Y
WU, 45 & WAL AE BB 7 vk M 1 R AR AE i s
) A5 B B R IR A AR o DAt AT 32 28 rhns AL B i
M Ry« Rl R S R LA TS 1



% 8 1)

XNE S A U5 0 A e S AL B AR A T AR P RE 2 T A R T 5 123

(b) 4PRARAERT

(a) FEFRARALRE
Pl 6 5t 5E B I A AE A 2
Fig.6 Built complete model of cotton
y Bl R E T AR AL E 2R IRCE R 2 Aedrdh, DA
AR A B T7 1) rp S S i R 6 B AR L
o] G AT BT A W AL B AR AR A, A B T R .

(a) FRAEH R IRAEAT R (b) AAAEN AR A A1
K7 FEAERER A b R o7 0 A

Fig.7 Cotton model coordinate system and leaf

position distribution
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Fig.8 Device for measuring airflow field in cotton canopy
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Fig.9  Photographs of cotton canopy droplet

sampling and deposition test
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Tab.6 Scheme 1 droplets deposition volume and

variation coefficient of each layer

9 m/s 13 m/s 17 m/s
N OB /BR i 22/ DU L / B o 22/ DU R e/ b 1 22/
(pLe (pLe (pbe (ple (ule o (pl-
cm’2) cmfz) cmfz) cm’z) um’z) um’z)
T2 0.296 0.018 0.315 0.081 0.346 0.073
)z 0.157 0.049 0.183 0.070 0.244 0.049
)z 0.131 0.052 0.122 0.055 0.165 0.029
AR SR % 45.51 47. 87 36. 20
YR/
0. 194 0. 207 0.252
(pleem™?)
4.2.2 JIREREXS LE

W& 10 11 Fr o, M AE 6 )2 16 T8 XUE 25 1 114 i

RT AR2EBEMRESERRY
Tab.7 Scheme 2 droplets deposition volume and

variation coefficient of each layer

9 m/s 13 m/s 17 m/s
A PURR it/ b o 28 /DT R /b v 2/ DU /s i 25/
(pLe (pLe (pLe (pLe (pLe (pL-
em™?) em™?) em™?) em”?) em”?) em?)
Iz 0.253 0.094 0.248 0.102 0.198 0.112
2 0.120 0.054 0.139 0.058 0.163 0.065
)z 0.080 0.049 0.089 0.018 0.109 0.046
SRR % 60. 10 51.06 28. 45
IR A/
0. 151 0. 159 0. 157
(uLecm™?)
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Tab.8 Scheme 3 droplets deposition volume and

variation coefficient of each layer

9 m/s 13 m/s 17 m/s
s PURR it/ b5 o 28 /DT R /b v 2/ DU R a /s i 22/
=
(pLe (pLe (pLe (pLe  (pLe (pL-

(:mfz) (:mfz) (:mfz) (:mfz) (:mfz) ('mfz)

L2 0.321 0.077 0.363 0.078 0.410 0.129
2 0.143 0.080 0.160 0.067 0.140 0.085
= 0.069 0.029 0.100 0.066 0.092 0.076
s S 2B % 72. 84 74.56 80. 11
ST

0.178 0.198 0.214
(pL-cm -2)

13
KGHE/(m-s)
10 R[FE BRI &

Fig. 10 Amount of droplet deposition in different schemes
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