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1. High-voltage electrostatic generator a 2. Water tank 3. Electrostatic nozzle
4. Water-sensitive paper 5. High-voltage electrostatic generator b 6. Mobile
cargo cart 7. Rolling coil
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Fig.1 Cotton tip polarization - electrostatic spray test system
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Fig.2 Schematic diagram of the principle of positive and negative
charge attraction between the target cotton leaf and the droplet
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Fig.3 Charge transfer diagram
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Fig.5 Electric field distribution diagrams of different electrodes
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Fig.9 Charge decay curve diagram
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Table 2 Test results of droplet adhesion characteristics statistics
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group voltage/kV ~ voltage/kV %
5 14.89 159.72
10 15.79 149.08
o B2 15 22.63 142.64
Control group ! 20 28.45 130.52
25 21.11 128.48
30 15.29 126.36
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10 29.76 129.92
e 1 15 40.55 128.90
Experimental group 1 20 20 32.13 130.16
25 24.78 130.21
30 17.38 130.56
5 2238 154.16
10 24.24 142.26
IR 2 15 32.13 135.16
Experimental group 2 15 20 35.76 125.92
25 20.78 122.50
30 15.98 120.26
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Note: Ay, By, Cy, Dy, Eo, and F respectively represent the starting positions of the six different droplets, while A;, B;, C,, D, E,, and F, respectively represent the
positions at the end of the movement of these droplets. The angle in the figure represents the offset angle of the fog droplet. The smaller the offset angle is, the greater
the displacement of the fog droplets along the direction of the electric field within the same observation time.
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Fig.10 High-speed cameras capture images of fog droplets
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Table 3  Orthogonal test scheme and results
5 LB FIE G VTR

Serial ~ Polarization voltage Droplet voltage comprehensive evaluation
number U,/ kV U,/ kV index 7
1 20 25 0.49
2 7.928 93 20 0.47
3 15 20 0.58
4 15 20 0.60
5 15 12.9289 0.48
6 15 20 0.61
7 10 25 0.55
8 15 20 0.57
9 10 15 0.47
10 22.0711 20 0.51
11 20 15 0.54
12 15 27.0711 0.50
13 15 20 0.59

x4 EXHREERBESH

Table 4 Analysis of variance of orthogonal experiment results
VR FI5 I H B P P
Source Sum of Squares df
it
Model 0.028 2 5 15.46 0.001 2
U, 0.000 6 1 1.67 0.2371
U, 0.000 5 1 1.38 0.2787
uU, 0.004 0 1 10.98 0.0129
U} 0.0128 1 35.09 0.000 6
U/ 0.0133 1 36.45 0.000 5
Residual 0.0026 7
FA
Lack of fit 0.0012 3 1.27 0.398 8
R
Pure error 0.0013 4
pseill N
Total 0.0307

XoF B AR B AT S 3 o B, | ZE A R T A
Z 0 A R B (P<0.01), KIMTLHAEE
(P>0.05), [FIEHFEARRIL . HLE R EEE R L5 e e
ABCR N 0.917, FHA [E] R R T8 5 Se PR e A B
FME . RAI P AE KT 0.05, FHIEIAJTFERLA T,
AT FH 75 R SR AR A I T R S W A ) i FLIBE 55 R 8 1 454
ZH.

N T IRAS R0 55 I R B TAES A, A
CEETVPNARAR TN B bR R g, 456 %I R & il
FroAE, WS R EE R AT 2 H bR
Ak B br BRI 2 R AN

10kV<U,<20kV
15kV<U,<25kV
max [ (U,,U,)

4 B b R BN 2 5 26 A AR N Design-Expert 13 #1043
WG RRIRESHAEG: WRWAHBEN 15392 kV.
ZE N A 20311 kV, IS R S LR AR TR b
5 0.609 6.

an

NI UEFE AT SENE, TR R AR T AR A A I i e S
REIREE, NET AT, B TAESEuT R, 354
WA A 154 kV. BEEH N KN 203 kV, X5 HE
T2, BOLEHEENRRSE R, TREHMESS
PN FEFR AN 0.60, SHEtbit B S R e . %
B35 29 43.08%, FHAELT B — 5 B 55 52 7+ 51.40%:
RN 127.44 um, AHECT B —F B S080 2.36% .

5 & 1

1) XM TS SEti bl A AL BE,  REAE KR N3 5 3 1)
1 R RS B, I B35 R TE I 56y R 55 1
MHRE ST, BEMIET R, AW R .

20 I FE A SR ek 2 I R A B ARRAIE BTG A B A ek
5 B R B Rk, B2 RS RESEEE 30 min,
NERHEBIE RGP AE TR R (R O, R T A
MAA; BRFREF, KRR T ZHAHEBE
20kV B BB SR A T RE I s A MO IRALES, Mgkt
L 15 kV 254 20 KV 2590 78 L FE R I I B 5 2 5
Red s A ERAR IR UE RO, AR A i S 55 3 B e Bk
B3, WYHI T ARSI R, 3 SR I FE 55 AR
5107, UIRVREME BT, I ZRIA 89.54%. 5 i A A
P B4R 219.72 um, BT H—Fr B .

3) il RAM R FRE 5SS BT, Tk
EZHON: WALHRE 154KV, BRI L 203 kV.
TEMEARACE T, 1M RIA 43.08%, HHE T H—
BB S IR TE 51.40%; RN 127.44 um, MET
LW kN 2.36%

(& & 3 ¥kl

(1] AT, EI5E, s, 3. 2001—2020 4F 4 AR 1L K
ARFERFEF RN, P EMAE, 2024, 51(11): 1-10.
ZHENG Youping, WANG Qiaolian, CHENG Hailiang, et al.
Analysis of China cotton production efficiency from 2001 to
2020[J]. China Cotton, 2024, 51(11): 1-10. (in Chinese with
English abstract)

[2] RAH, FHEAH. WASER AR TEA 7 38 AL N]. B
i, 2024-11-05 (005) .

31 R, E30WH, BRR, 5B ERH K B COA [F 5 &

IR (£ $) XHfiT 60 SR ZMAR. 778 ML 4E S 5K
LA, R ERAE, 2023, 50(12): 23-27.
WU Bo, WANG Wentao, DAI Cuirong, et al. Effects of
different dosages of mepiquat chloride on agronomic traits,
yield, and fiber quality of Xinluzhong 60 in Aral Reclamation
Area of Xinjiang[J]. China Cotton, 2023, 50(12): 23-27. (in
Chinese with English abstract)

[4] JAIN, H, DHIMAN, S, ANSARI, N. Recent trends in
techniques, process and sustainability of slow-release
formulation for pesticides[J]. Industrial Crops and Products,
2024,216: 118764.

[5] WANG, Q, LI, Q, WANG, L, et al. Optimizing the size of
mesoporous  silica enhances the

nano-delivery system

absorption, transport, and retention of pesticides in tea


https://doi.org/10.11963/cc20230178
https://doi.org/10.11963/cc20230178
https://doi.org/10.11963/cc20230065
https://doi.org/10.11963/cc20230065
https://doi.org/10.1016/j.indcrop.2024.118764

60

Flk T2 (http://www.tcsae.org)

2025 4F

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

plants[J]. Industrial Crops and Products, 2025, 227: 120789.
APPAH S, WANG P, OU M, et al. Review of electrostatic
charged droplets

characteristics and

spraying[J].
and Biological

system parameters,
substrate impact behavior from pesticides
International ~ Journal of Agricultural
Engineering, 2019, 12(2): 1-9.

HINGE, ARG, PRE A AL 24 W AL 7T 3 i 15 R
BT A HUEER, 2021, 52(3): 1-16.

ZHENG Jiaqiang, XU Youlin. Development and prospect in
environment-friendly pesticide sprayers[J]. Transactions of the
Chinese Society for Agricultural Machinery, 2021, 52(3): 1-16.
(in Chinese with English abstract)

WANG J, ZHANG Y, ZHANG W, et al. Research progress of
electrostatic spray technology over the last two decades[J].
Journal of Energy Engineering, 2021, 147(4): 03121003.
2T, wile, AR, S5 BRTE IR I R L AL
Ho A Lol 0], 005 K22z CHARBL O, 2023,
44(1): 45-51.

LI Jianping, RU Yu, NI Jiasheng, et al. Simulation analysis and
experiment of trapezoidal orchard air delivery electrostatic
spray machine[J]. Journal of Jiangsu University (Natural
Science Edition), 2023, 44(1): 45-51. (in Chinese with English
abstract)

SALCEDO R, SANCHEZ E, ZHU H, et al. Evaluation of an
electrostatic spray charge system implemented in three
conventional orchard sprayers used on a commercial apple
trees plantation[J]. Crop Protection, 2023, 167: 106212.

GUO J, DONG X, QIU B. Analysis of the factors affecting the
deposition coverage of air-assisted electrostatic spray on
tomato leaves[J]. Agronomy, 2024, 14(6): 1108.

VEB, RHEEE, i, 25 U s m Sk B R H g K
faf JJ LB FE[T]. RALALEF 5T, 2024, 46(10): 192-196.
WANG Ming, DAI Shiqun, LIU Shichao, et al. Study on the
Effect of Air-assisted Spraying Auxiliary Airflow on Droplet
Size[J]. Journal of Agricultural Mechanization Research, 2024,
46(10): 192-196. (in Chinese with English abstract)

LIU C, HU J, LI Y, et al. Numerical simulation of the
trajectory of UAVs electrostatic droplets based on VOF-UDF
electro-hydraulic ~ coupling and  high-speed
technology[J]. Agronomy, 2023, 13(2): 512.

LIU C, HOU H. Numerical simulation of water droplet impact
on composite insulator under DC electric field[C]//2022 4th
Asia Energy and Electrical Engineering Symposium (AEEES).
Chengdu, 2022: 518-522.

E X GeitJm. HE g E M), dbat: T E e AR,
2023.

WU X, SUN S, HU B, et al. A study on the macro and micro
mechanisms of cotton seedling growth regulation by high-

camera

voltage electrostatic field and optimization of system
parameters. Scientific Reports, 2024, 14(1): 30000.

PV, AR, SR, AR ERSE A B i A R A AL
R RGSHAD]. AL TR, 2024, 40(9): 26-38.
SUN Sheng, HU Bin, MA Jinhu, et al. Mechanism of high-
voltage electrostatic adsorption seeding for vegetable seedlings
and optimization of system parameters[J]. Transactions of the

(18]

[19]

[20]

(21]

[22]

(23]

[24]

(23]

[26]

[27]

Chinese Society of Agricultural Engineering (Transactions of
the CSAE), 2024, 40(9): 26-38. (in Chinese with English
abstract)

SR, R, RMR, 55 3MDZ-4 B EEXRETT T
WAL VAL T[], Al TRE AR, 2019, 35(14): 30-38.
PENG Qiangji, KANG Jianming, SONG Yumin, et al. Design
of 3MDZ-4 self-propelled cotton topping and spraying
combined machine[J]. Transactions of the Chinese Society of
Agricultural Engineering (Transactions of the CSAE), 2019,
35(14): 30-38. (in Chinese with English abstract)

. 7K FH AT 5T 25 LT 55 206 B AR AL it 5 e D). #a /K
e ARAEAOR:, 2019,

BAI Haichao. Optimal Design and Experiment of Spray
Device for Paddy Field Boom Sprayer[D]. Harbin: Northeast
Agricultural University, 2019. (in Chinese with English abstract)
FEaul, BHEE, AVME, S K HEBE LN R E R
HEEMH]. AU A4, 2019, 50(3): 69-79.
WANG Jinwu, BAI Haichao, SUN Xiaobo, et al. Design and
dynamic analysis of spray device for paddy field sprayer[J].
Transactions of the Chinese Society for Agricultural Machinery,
2019, 50(3): 69-79. (in Chinese with English abstract)

K, REW], RN, 55 FR A RS 2 R R
BEMRAEARAEI Fr TR AR [D]. ARAE243R, 2004(2): 123-125.
ZHU Jinwen, WU Huiming, CHENG Jingli, et al. Influence of
droplet sizes and spray volume on deposition of chlorpyrifos
on cotton leaves[J]. Cotton Science, 2004(2): 123-125. (in
Chinese with English abstract)

PATEL B, SINGH M, MISHRA P, et al. Efficacy of the
prototype electrostatic nozzle for cotton crops[J]. African
Entomology, 2021, 29(2): 471-478.

AR, HEY, KW, S AERYUHN RS A A B
SO TR [T, Wi Aok &2, 2016, 57(12): 2002-
2004.

LIU Jianfeng, JI Chunming, ZHU lJinlei, et al. Effects of plant
protection machinery on control efficacy and work efficiency
against Cnaphalocrocis medinalis[J]. Journal of Zhejiang
Agricultural Sciences, 2016, 57(12): 2002-2004. (in Chinese
with English abstract)

R T, IR B AR AU T R B T 5 SR B8R L [D]. FK:
HERKF, 2019,

SONG Ruizhou. Design and Experimental Study of an
Electrostatic-Adhesive Soft Robotic Gripper[D]. Chongqing:
Chongqing University, 2019. (in Chinese with English abstract)
B, WME, R, 55 RS EO S %
BRI H ). mEERAR, 2015, 41(12): 4042-4047.
CUI Hairong, YANG Chaozhen, YU Shengbing, et al.
Experimental study of electrode parameters effect on jet spray
charge[J]. High Voltage Engineering, 2015, 41(12): 4042-4047.
(in Chinese with English abstract)

SUN S, HU B, MA J, et al. Research on seedling sowing
method based on high voltage electrostatic characteristics[J].
Computers and Electronics in Agriculture, 2024, 220: 108850.
ANDERSSON B, STRANNEBY D. Long-term charge
retention on PWBs[J]. 2005,
63(6/7/8/9/10): 597-602.

Journal of Electrostatics,


https://doi.org/10.1016/j.indcrop.2025.120789
https://doi.org/10.25165/j.ijabe.20191202.4673
https://doi.org/10.25165/j.ijabe.20191202.4673
https://doi.org/10.6041/j.issn.1000-1298.2021.03.001
https://doi.org/10.6041/j.issn.1000-1298.2021.03.001
https://doi.org/10.6041/j.issn.1000-1298.2021.03.001
https://doi.org/10.1061/(ASCE)EY.1943-7897.0000763
https://doi.org/10.3969/j.issn.1671-7775.2023.01.007
https://doi.org/10.3969/j.issn.1671-7775.2023.01.007
https://doi.org/10.3969/j.issn.1671-7775.2023.01.007
https://doi.org/10.3969/j.issn.1671-7775.2023.01.007
https://doi.org/10.3969/j.issn.1671-7775.2023.01.007
https://doi.org/10.3969/j.issn.1671-7775.2023.01.007
https://doi.org/10.1016/j.cropro.2023.106212
https://doi.org/10.3390/agronomy14061108
https://doi.org/10.3969/j.issn.1003-188X.2024.10.032
https://doi.org/10.3969/j.issn.1003-188X.2024.10.032
https://doi.org/10.3390/agronomy13020512
https://doi.org/10.11975/j.issn.1002-6819.202311136
https://doi.org/10.11975/j.issn.1002-6819.202311136
https://doi.org/10.11975/j.issn.1002-6819.202311136
https://doi.org/10.11975/j.issn.1002-6819.202311136
https://doi.org/10.11975/j.issn.1002-6819.2019.14.004
https://doi.org/10.11975/j.issn.1002-6819.2019.14.004
https://doi.org/10.11975/j.issn.1002-6819.2019.14.004
https://doi.org/10.6041/j.issn.1000-1298.2019.03.007
https://doi.org/10.6041/j.issn.1000-1298.2019.03.007
https://doi.org/10.3969/j.issn.1002-7807.2004.02.011
https://doi.org/10.3969/j.issn.1002-7807.2004.02.011
https://doi.org/10.1016/j.compag.2024.108850
https://doi.org/10.1016/j.elstat.2005.03.022
http://www.tcsae.org

%11 FE R FET RIRE I ORI AL -F B R Gt LS A 61

[28] LONGWORTH L, POST S, JERMY M, et al. Evaluating 2017, 43(6): 1808-1815.
capacitive wetness sensors for measuring deposition in WANG Ruixue, HAI Bin, TIAN Sili, et al. Optimization of
electrostatically charged spraying operations[J]. Computers and Dielectric Material Surface Charge Measurement and Impact
Electronics in Agriculture, 2020, 179: 105829. of Plasma Treatment on Their Surface Electrical
[29] 5T, WM, HER, 5 4208 R T il 201k Characteristics[J]. High Voltage Engineering, 2017, 43(6):
T 5 8 TR A 3G L SR THD FELARE T I RS ). R R, 1808-1815. (in Chinese with English abstract)

Design and parameter optimization of cotton tip polarization-electrostatic
spraying system based on high voltage electrostatic field

WU Xinming®? , SUN Sheng'?, HU Bin'*?, LUO Xin*** , LIU Hanjun' , HAN Changjie* , MA Zhen®

(1. College of Mechanical and Electronic Engineering, Shihezi University, Shihezi 832000, China; 2. Key Laboratory of Northwest
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Agricultural University, Urumqi 830000, China; 5. College of Agricultural Engineering, Jiangsu University, Zhenjiang 212000, China)

Abstract: Cotton is one of the main raw materials in the global textile industry. Its output and quality have a significant impact
on the market supply and demand, as well as international trade. Among them, the chemical defoliation and topping techniques
have been widely applied to increase the cotton production. But there is the increasingly prominent pollution of the soil, water
source and ecosystem. Electrostatic spraying can be expected to enhance the adhesion of the liquid droplets for the uniform
coverage of the crops. However, the existing technologies have been confined to the large droplet size and low adhesion rate,
resulting in only 40.6% effective utilization of the pesticides for the serious waste of resources. In this study, a cotton tip
polarization-electrostatic spraying was proposed to optimize the chemical topping and defoliation spraying, according to the
high-voltage electrostatic hetero-charge adsorption. The utilization rate of the pesticides was then improved to reduce the
environmental pollution. Firstly, a systematic simulation was performed on the charge migration during polarization of cotton
tips using COMSOL Multiphysics software. The feasibility of cotton tip charging was also verified after simulation.
Subsequently, a cotton tip polarization-electrostatic spraying system was designed and then built. Two devices consisted of an
electrostatic spraying and a cotton tip polarization. The opposite charges were induced on the cotton tip surface and the droplets
in a high-voltage electrostatic field, in order to enhance the electrostatic adsorption force. The water-sensitive experiment was
used to replace the cotton leaves for the measurement of droplet adhesion rate and particle size. The deposition behavior of the
droplets on the leaf surface was also observed using high-speed camera. Design-Expert 13 software was also utilized to
optimize the parameters, including the optimal combination of the polarization voltage and droplet charging voltage. The
experimental results show that the polarization treatment of the cotton tips was significantly improved the deposition of
droplets. The leaf charge decay was divided into the rapid and slow stages. The stable state lasted for more than 30 min,
providing for an effective time window during electrostatic spraying. Under the optimal combination of the parameters
(polarization voltage 15.4 kV, and droplet charging voltage 20.3 kV), the droplet adhesion rate reached 43.08%, which was
51.40% higher than that of the single electrostatic spraying. At the same time, the median diameter of the droplet volume
decreased by 2.36%. High-speed camera analysis further confirmed that the polarization of the cotton leaves made the droplet
movement more linear, thus enhancing the leaf's adsorption capacity for droplets. An adhesion rate was as high as 89.54%,
significantly better than the 70.95% of the traditional. This finding can provide the new ideas to optimize the cotton tip
polarization with the electrostatic spraying. The utilization rate of pesticides can be effectively improved to reduce the
environmental pollution. Technical references can offer for the green production of different cash crops.

Keywords: high-voltage electrostatic field; cotton tip polarization; electrostatic spraying; charge decay; droplet adhesion
characteristics
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