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Abstract; Currently, studies about aerial spraying application of agricultural unmanned aerial vehicle
(UAV) in China mainly focus on the effect of aerial spraying operation parameters ( flight height and
flight velocity ) of single-rotor UAV on droplet deposition distribution. In fact, the main factor that affects
the droplet deposition distribution of aerial spraying is the wind field below the UAV rotor, which is made
up of wind field generated by rotating rotor and wind field of external environment. The effect of wind
field below agricultural UAV rotor needs to be taken into account in the study of the distribution regularity
of aerial spraying droplet deposition. Moreover, the wind field generated by multi-rotor electric UAV
during operation is the result of multiple rotor interaction. The distribution of wind field and the effect of
wind field on the distribution regularity of droplet deposition are different with single-rotor UAV. In order
to reveal the impact mechanism of droplet deposition distribution by the wind field below the multi-rotor
electric UAV rotor, wind field distribution below multi-rotor electric UAV was measured by using a
wireless wind speed sensor network measurement system for unmanned helicopter, and the impact on the

distribution of droplet deposition was analyzed by the wind field in X, Y and Z directions below rotor
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combined with the condition of aerial spraying droplets deposition in rice canopy, and the regression
model was established by making the variance analysis and regression analysis of experiment results. The
results showed that the trends of droplet deposition in the plant layers were basically similar, the
deposition amount of droplet was decreased from upper layer to lower layer. Because of the different
operating parameters, the distribution of wind field below rotor in each experiment were different, but the
value of wind speed in different directions showed the decreasing trend in Z, Y and X directions. Among
the three directions wind field below multi-rotor electric UAV rotor, the wind field in X and Y directions
had no significant impact on droplet deposition in the effective spray area, the wind field in Z direction
had an extremely significant impact on droplet deposition in the effective spray area, the Sig. value was
less than 0. 001. The wind field in X direction had no significant impact on droplet deposition penetration
in the effective spray area, the wind field in Y direction had a significant impact and the wind field in Z
direction had an extremely significant impact on droplet deposition penetration in the effective spray area,
the corresponding Sig. values were 0. 037 and less than 0. 001. The wind field in X and Y directions had
no significant impact on droplet drift, the wind field in Z direction had a significant impact on droplet
drift, the Sig. value was 0.036. Furthermore, the horizontal wind field in X and Y directions and the
vertical wind field in Z direction all affected the deposition uniformity in the effective spray area. With
the smaller value of horizontal wind field in X and Y directions and the larger value of vertical wind field
in Z direction, the uniformity of droplet deposition was better, the best value reached 36.44% . In
addition, the corresponding determination coefficient R of the regression model between droplet
deposition in effective spray area and the wind speed in Z direction as well as between droplet deposition
penetration in effective spray area and the wind speed in Y and Z directions were 0. 868 and 0. 842,
respectively, and these models can provide guidance for the practical application. The result revealed the
effect on the distribution of aviation spraying droplet deposition by the wind field below the multi-rotor
UAV rotor, and it had an important guiding significance in the practical application such as reducing
liquid drift in aerial spraying and improving the utilization rate of pesticide.

Key words: multi-rotor UAV; wind field below rotor; droplet deposition
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Tab.1 Main performance parameters of UAV

S8 HH
LB R (K x 98 x £5)/ (mm x mm x mm) 950 x 950 x 530
F R H A/ mm 768
R #E /L 10
P/ (mes ™) 0~8
b 15 B/ m 0.5~3.0
A R i/ m 4~6

WS 55 2R G0 20 ORI K IR (SR A B LSk A
a8, W% Sk Shy B T W Sk, B Ry 4 A WSk U B
] e T AL A Bl £ 45 1) BE 43 A, (B B 600 mm,
WSk 7 1 AR, BE S i 2.4 L/ming

R A Jo AL R L SF A S e AL RS b
S} UB3ST A= i sy 8 450 ) HE 5 4B, A RTK
Lo NG VRS B3 (10 +5 x 1077 D) mm, 5
FERGER (20 +1 x 10 °°D) mm, i | D FIRZ R G
SEBR N A BE R, B kmo & TE A BLES B0% &
Gt sl ki 25 VR 4R 2 T 0300 B 265 45 A I R A
2530 R A i A b 7, 0 2 b Sk R G 2 i VR
Bl AL PR AR ATk 5 & RESZ M RR,
IE AR BCA T Jo AN HLIE it /5 Mk 1) RAT S8

T ANHLRIZ I i 2 40 % F JC N FHHLX S To 2k
LA 245 I H R L0 % 2R G B9 e o X
SRR R H AT B 2% O R e P o R A S
A I £ R — > SR ASUAL TE AL it A Ml s 77 A 1 ST
PR =1 AU, S 0 ~ 45 m/s KEHE R £3%
SIPERE R 0.1 m/s, XU A% Jk A T 28 &1 A

490 MHz JC 2R B H B | Bl 42 il 4 LA 2 3t vl A6 e 281
T, S BB A EE A% i 200 S HL A R B BRI R

P35 W 0 2% 25 45 {68 495 DX XL e A3 A 3 6
BT IR R AR KU I ) AR T D A S i
PRI A XU X ] 3 3 RE 2 P 0 o a6 ) B
0 Tk B S

55 TR WS A PR B 25 B 4 = IR AR e T
BIETE EEAR IR E.
L2 REHE
1.2.1 {555

T 0 7 990 7 4 XD T - Al 2 ) 2 58 K R o
Tl BE AT A0 A 1 00 D 4k T 2 BB S X B
80 cm , 7K F# SR HIHIL A A A , 7K A 4k 22 1) 4 45 47 [
PEA 17 em x 14.5 em,
1.2.2 AN & RG4S

JR T A S 5 DI I e s A P () A 2 IR il
SEUTPL B 3 1 R R U I T ok . KU A B
JEL M e s PP A B 1 m 9 BT I AL 2R
HI—A7 KK G 1~ 10,715 5 10 [T T[] 28 ) 4
XF LT 1) B E AR XU, i EEAEFE B 1 9 2 1S m
Ab i v, HAC I JC A HLAT A5 5 S 1E B 07 B4y Wit
PR o AnIEL 2 B, B A1 i B AT 3 A XU 12 K
e o DXHL A% SRS b o 1) 22 38 7 1) 20 03 Dy < X1, S AT
TRATT Y q6) HE ET RATIT I 5 Z 1), 3 T
T 510

=27 b

(a) BN RS (b) BE & R4

B2 X3 R 5 A md 18
Fig.2 Wind field measurement system layouts

1.2.3 S50 RAE R B

W 3 FoR, 25 0% R Bl 5 X3z I &y ok ] —
ZRORARAT , BVTE B> IR A% JR 8 T0 4 o 1 s Ak iR
B ARG R R B2 5 R A SRR S XL
JEA TC e D Y R B A A, RO RE)Z A B 9 A 55
AR S5 R A S R R BR 1 mo BLFE B 55 R R
FE AL 1 5 B 7 1) By K A AR R 2 40 B U R 3
FEAEEWRRE A, T, EESHRE PR ESTE
YEIEE 25 em A 47, N2 5 M A EE 20 cm A 47
1.2.4 K58 &it

IR B DATE 7K AR 25 W AT Bt AR L, B iR



108 & A Bl B ¥ i

2017 4

(a) - TAI AR 35

(b) S

& 3

A w7 R

Fig.3 Sample point layouts

I 2540 N B AR IR Bl 5 L i35 R ] Syngenta it
IKABARAT g 55 3 R A R LA B 55 T, R
26 mm X 76 mm,

P e OB 19 AT R0 b 1 ) 3 Ee
R R T Y 2 6 R L, 1l B B BT 2.5 ~
5.0 m/s JEFEIN PR BE R IRTE 1.5 m 7245, Hisk
B3 1 4 WHEAT o

L SR B 1 A i

B4 FilRELSS THTRE

1.3 ¥iEaE
L3.1 R B8O Ak 3

dr b 3 58 7 & G5 UB3S1 X A B 19 4% % 48 5 oF
7 5E (0 AR O BRI I 22 T 45 R AN 4a BT, R
BLCAT I 45 # b 3 2 L & 8 UB3ST i 4 I T A
HUHE R — Y it A ol 79 QAT B G & 4b i ks
AL RE AL AR GE UB3S T R A b R 9 0328 22 37

4 35 36 37 38 39

F/m

(b) VAL BT
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Tab.4 Results of deposition variance and

regression analysis
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Tab.8 Results of droplets drift variance and regression

analysis
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