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A comparative study on the performance of single-rotor oil-propelled
UAV and circular air-fed orchard sprayer

BIAN Yongliang, LI Jianping” , XUE Chunlin, LI Xinhao, WANG Pengfei
(College of Mechanical and Electrical Engineering, Agricultural University of Hebei, Baoding 071000, China)

Abstract In order to verify the spray effect of the single-rotor oil-powered UAV in the hilly mountain orchard, the spray
performance comparison tests of the single-rotor oil-powered UAV and the round orchard wind-driven sprayer on the
low-root densely planted apple orchard were conducted. The results showed that. For single-rotor, the coverage of fog
droplet deposition on the upper and lower layers of fruit trees for oil-driven UAV spray operations were 0.66% —21.98% ,
1.20% —16.17% and 0.38% —3.96% . respectively. The average order of the average diameter of the droplet size
was the upper layer>Middle layerLower layer; The coverages of the droplet deposition on the upper and lower layers
of the fruit trees in the round orchard wind sprayer were respectively 5. 68% — 24.94% , 2.64% — 34.61% and
3.15% —21.78% . The average diameter of the average volume of the droplets in descending order was lower layer>>
middle layerupper layer; The droplets sprayed by the single-rotor oil-powered UAV displayed a significant deposition
effect on the upper and middle layers of fruit trees, and the round orchard wind-driven sprayer was the middle and lower
layer. In conclusion, eliminating the influence of uncertain factors such as machine malfunctions, the working efficiency
and water-saving and medicine-saving performance of the UAV is better than that of the sprayer; and the UAV shows
good practical performance in the orchard production and farming and emergency treatment of diseases and insect
pests.

Keywords single-rotor oil-powered UAV; air-driven orchard sprayer; droplet deposition density; droplet deposition

coverage
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Table 1 Technical parameters of UAV and sprayer
FESH T AL 5 25 Hl FESH T AL 55 55 Hl
Main parameter UAV Sprayer Main parameters UAV Sprayer
I K AT 55 884 / kg 30 — T W B8/ m 6 5
Maximum mission load Effective spray width
RREZR/L 30 340 W% 24 35 &/ (L./ min) 0~3 78
Maximum charge Spray flow
AR ML B 18] / min 30~60 60~120 Pl 5 BE /m 5~10 5
Effective endurance Working height
PUREE L/ 9 6~7 6~38 RALIE K fih o =X
Wind resistant grade Fan form Axial flow
FEMr# %/ (m/s) 0~10 0~5 KBRS/ mm — $800
Working speed Fan size
e 3 g /°C —15~65  —15~65 | MWk %Rt 4 12
Working temperature Number of nozzles
2) KB AR ] S A B A K AR A3 S T AR
R[] — it R B T PR R T OUTE JE B P Al s
130 2 O 12 2o QTR VA S LS E A SR S TRl TS TR
W45 e 7 BIRE 7K AR I B I Rl I 7 Wi 45 i 408
Middle o N o
— ML 5 o5 A A T e Ak B A A TR A B h . il
L—FE‘ FHEOC AR AR B A0 b K B AR AT 4948, R

E1l RMKENSTEE

Fig. 1

Schematic diagram of the division

of the fruit tree layer

PRUETORR 25 14 B9 1 7 2 150 59 i B 48 B R
600 dpi. 75 A4 4R IKEEFIH A PNG 4% 3,
1.2.3 Xipd4z

HEss TARRLAS i - 247 0 N LA 55 BL B3 5t 55
YRS A S s UL A 2 AR R AE AL EAE
FSF [6 o P Bz RO B ol

2 AW (a)fNBEEH (D) RERNIELIFS
Fig.2 UAV (a) and sprayer (b) scenes in the orchard
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Fig. 3 Water sensitive paper scan (a) and “Imagepy-master” processed fog drop (b)
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Table 2 Working parameters of UAV and sprayers

. Bk BRmEk M E/(L/min) Wi /m @ fTEE/(km/h) fiZihE/(L/hm®)  BEZGEFE] /s
B Number of Single nozzle Spray Running Dosage of Working
Implement
nozzles flow amplitude speed pesticide time
JTAHL UAV 4 0. 60 7.20 62.6 10. 21
%5 Ml Sprayer 12 0.92 2.96 846.2 16.52
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HEEHR0.66%~1.95% (K 1.34% ., PEMm
HE#6.19% ~16.17% , {H 10. 79 % ; th 2 3%
FHERL.20%~7.56% 3414 3.46% ., FIZM mAE
TR 0.85% ~3.96% , MH 2. 47% ; M W R
0.38%~1.98% Y1l 1.58% , h)ZH 2 M7HE%
BB, T2 R DU 35 381038 B it 25 br 220K, T
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Table 3 Average droplet deposition coverage of each canopy after UAV and sprayer operation %
HLA HORE {3 B HFRM 4% 5 The numbers of target trees S M1
Implement Sampling position T1 T2 T3 T4 T5 T6 Average
uz 8.22 14. 27 3.57 1.72 4. 81 21.98 9.10
UF 1. 31 1.48 0.66 0.78 1. 85 1.95 1. 34
T AL MZ 16.17 12. 29 9.23 6.19 8.69 12,17 10. 79
UAV MF 3.70 7.56 2.02 3.89 2.39 1. 20 3.46
LZ 3.96 0. 85 2.72 2.98 2.81 1. 49 2.47
LF 1.98 3.46 0. 83 1.94 0. 89 0. 38 1.58
Uz 14. 83 10. 14 21.64 9.93 17. 32 24,94 16. 47
UF 5.96 4.28 9.06 14. 05 11.75 5.68 8. 46
W 32 AL MZ 2.64 23.34 20.57 15.53 12. 00 34.61 18.12
Sprayer MF 12.93 14. 36 13. 66 10. 51 18.13 18.75 14.72
LZ 7.10 22.19 18.51 23.96 12. 26 28.40 18.74
LF 4. 44 3.15 9.10 11.61 10. 29 21.78 10. 06

L UZCE EE i, “UF R B R M M2 R R E M, “ME R 285 “LZ22C R R 2 M i, “LE LR T2 M1,
F AW, T1~T6 Jy 6 AR4EARW 455, /B #b % 4. 0.5.2.6.4.7.6.,8.7,10. 1 m,

Note: “UZ” represents the upper leaf surface, “UF” represents the upper leaf surface, “MZ” represents the middle leaf surface,

“MF” represents the middle leaf back, “L.Z” represents the lower leaf surface, and “LF” represents the lower leaf surface,

Table 4 is the same. T1—T6 are the numbers of 6 target trees, which are respectively 4.0, 5.2, 6.4, 7.6, 8.7 and 10. 1 m

from the ground.

W% 55 HLIE IR VR M S b 2 T 15 R o 9. 9306 ~
24.94% , {4 16. 47%; M+ 35 5 = % 5. 68% ~
14.05%  ¥{H 8. 46 %0 . HrJZ i1 7 35 3R 2. 64 %0 ~
34.61% ¥{E 10. 79 % s 25 B 55 2% 10. 516~
18.75% A 14.72% ., FIZMHEBEHZR 7. 100~
28.40% , ¥l 18.74%; i} % 7 2% &K 3.15% ~

21.78% ¥ 10. 06% ., L2 EMT)ZMHEH
RIET , 55 0 7 55 1 DU A TS N HLIEG ARl v I
B RE BEN T NEMREE. TANS
M5 25 ML 22 5 B 2 ROCR Y R A
2.4 EESHEHEAN

AR D L (2) LI TE AL 1855 HLAE



%124 MK 5S4 . BRI

IS B SR Fe XU 58 55 LA Al P BE X LE ik 36 AT 52

139

W5 R )2 S AR B R L E R R
B AR 4, T AN b R 2 i O K
b B AR 4> 9 121, 7,107, 8,45, 3 pum, 78
SERBIIE MR 32.71%.23.67%.33.51%.,
NG [N T oy T ol = I 0 N N LN Y =
2SR WA NN A =S (U o (T8 5 o s I N/ G B
BT R, TAWLW L2k
(E B AR AN 3 74, 4,84, 5,35, 2 pm, 715 5 8L
WAE A5 12, 03%.20.02%.16.93% ., J& A
IR S s g = S RS B =y N = B G =
AN JZE . B2 0955 0 0 i e 851 JOR R

TEAH)E,

U 2 S A R ol N AL R [N R EY [
I 177, 6,183, 1,192, 3 pm, 28 53 2 B ME 20 51
36.77%.26.26% .24, 72% , W§ % ML 7 i 1A b
SR T R Y YN NN SN =37 S 8 4 N N =3 S B
B A O E M B, BN LR
JZ TS S AR R B AR (R 4 5 Ol 118, 5,152, 8,
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ISR/ /S Ry | I

R4 TANEBRENBEEERNEEREBHS M EER
Table 4 Uniformity index of mist droplets sprayed by UAV and

sprayer on various layers of fruit trees

WA B A/ pm A5 S R H
W fir VMD cv
Sampling
position EABL BEEBL EABL mEH
UAV Sprayer UAV Sprayer
Uz 121.7 177.6 32.71 36. 77
UF 74.4 118.5 12.03 49. 40
MZ 107. 8 183.1 23.67 26. 26
MF 84.5 152.8 20.02 37.78
LZ 45.3 192.3 33.51 24.72
LF 35.2 156. 6 16. 93 33.93

A B 5 AL SR Bl AR OR AL R FH )X B e O
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