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Numerical simulation and experimental analysis of wind field of a picking UAV

Zhou Zhenggqi' s Zhou Haobo', Mai Yuju', Wu Kaixuan', Shi Linlin', Li Jun" **
(1. College of Engineering s South China Agricultural University , Guangzhou, 510642, China ;
2. Guangdong Laboratory for Lingnan Modern Agricultural Science and Technology s Guangzhou s 510642, China ;
3. State Key Laboratory of Agricultural Equipment Technology, Beijing » 100083, China)

Abstract: The stability of a harvesting drone decreases when its load changes suddenly, such as when it picks fruit, and due
to external factors like wind within the tree canopy. Variations in the surrounding wind field are the primary cause of
these stability fluctuations. Therefore, understanding the transient changes in the wind field around the drone is essential
for improving its stability during harvesting. In this study, the wind field around the drone was simulated using the Lattice
Boltzmann Method (LLBM) combined with Large Eddy Simulation (LES), and the results were validated through an
experimental platform. The simulation results showed that the airflow beneath a hovering harvesting drone
remained stable, providing consistent lift. However., as the harvesting drone approached the fruit tree, its flight
efficiency decreased. Nevertheless, when the harvesting distance was between 0.4 m and 0. 6 m, the influence of canopy
wind on the harvesting drone became minimal. During harvesting, the airflow around the front rotors changed first, which
then affected the airflow deformation of the rear rotor, ultimately reducing overall stability. The maximum error between
the simulation results and the test experiment results was 9. 7%, the simulation results of this study fell within the
experimental margin of error, providing a reliable reference for improving control strategies and optimizing the
aerodynamic performance of harvesting drones.
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Fig. 1 Integrated model of the harvesting drone
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Tab. 1 Drone parameters

ZHU BAE
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BHLE &/ ke 12.18
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Fig. 2 Interaction model between the

harvesting drone and the fruit tree
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Fig. 3 Measurement of the drone hovering downwash
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Fig. 4 Characteristics of the drone-induced

wind field at varying distances
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Fig. 5 Attitude curve of the harvesting drone
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Fig. 6 Transient downwash characteristics

during fruit picking by the drone

25 b T ANHLTE SR A Ik 25 2 b, D7 8 38 U
S R A A SR TR R R A A T AR L kT R A
R BT B R . A 8] T AR R T e 3RO S TR
E BRI R R K . R, W R A R
A0 Z T ] R e AR R e 3 A T L A SR 4 DG AL AT
DS AR E L 2 A F TR T A ML AR TS
SR T TR

4 WIWIER S

4.1 FTAEERKBNIK
Oy 6 E (1 A6 S B S A R A L 3 S X R A7



132 h E AR AL =R

2026 4E

T NHLA A5 I FIUR Al B 1 XU iE A7, &1 7 WA
PLEAE R M, T 6 B R A 4 34, UEAY, §%
AT B A A A% R A [ LAV FH B A LA B LA [
FETESCHR b IR S 40 5 ) K B2 k. BOTE A HLAL B
HLG AR R A (0,0,0) , 75 05 3R BE v KUH AL IR 1 A7
R (—0.5,—0.4, —0.3), K 1L &2 i &K
(—0.5,—0.7,—0.3), 78Xk v, K37 00 1k 3 48
T X A SR A B B AT A B SRS e K
RN 99 999 r/min, W E N 2~5 mW, REEER R
1K/ss ]S K 55.7 mm X 29.9 mm X 127 mm, B & N
106 g, FAAE XA 3 A 0.1 ~30 m/s, KU
AT 0. 01 m/s, BRI AF A 4K Bl 1,17 m, &
Jy 280 g KU AY KU T B R 0. 1~32 m/s, XU ff At
R 0.01 m/s,

7 RANBRERZUR

Fig. 7 Hovering downwash test of the drone
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Fig. 8 Comparison between simulation and experimental results
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Fig. 9 Wind field test experiment of the harvesting drone
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Fig. 10 Test results of the harvesting drone’s downwash
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