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Abstract; In order to investigate the effect of airflow vortex operation on the droplets size distribution of
aerial spray, the XR —Teejet 110015 pressure fan-shaped nozzle was used as an example, and was tested
in the wind tunnel and field respectively. The wind speed in the field was simulated by the airflow
velocity of the wind tunnel test, and three spray pressures were set, the droplet size were measured by the
laser particle size analyzer. In the field experiment, a four-rotor unmanned aerial vehicle (UAV) was
used as the platform to spray on target, then the droplet size distribution regular of each vortex shape
formed by different interaction between rotor airflow and canopy were analyzed. The results showed that
under the conditions of wind tunnel, each test nozzle was in a very fine atomization level, and the
atomization performance was well and stable. The formation of vortex state had a significant effect on the
droplets size distribution in the field test. Under the three vortex states, the comprehensive average
proportion of droplet size less than 200 wm was 73.52% , 74.21% and 84.20% , respectively, which
was consistent with the wind tunnel test results, but the D, ,, D, s and D, , of the droplet in the field
test were significantly higher than that in the wind tunnel test. The droplets size of the obvious vortex state
and small range vortex had a relatively flat distribution trend in the various layers of the crop, and the
variation coefficient of volume median diameter in each layer was between 3. 96% and 10. 66% , but the
no vortex state showed a large volatility, and the coefficient of variation was in the range of 9.49% ~
17. 11% , which indicated that the relatively obvious vortex state was conducive to the penetration of
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droplets in the vertical space and achieved better application effect. The research results can provide

reference and guidance for the accurate spraying operation of agricultural UAV, and have important

significance for improving the utilization rate of pesticides in aerial spraying operations.

Key words: droplet size distribution; wind tunnel; UAV; vortex state; target spray; airflow operation

0 3

VQZ=YNE S IPREER A iOE S I NE =y a R <55 i 227
SRR E AR S LA
ok, BB FHFHOR 1958 R HE , R ML ALK F-t 7
Fadb AT g FHTE AL Sy — ol 28 i B4R Ak
fi s a2 TR IEAEZ A HE AR ILEFS R
Te NHLR PR it e ViR B2 it 24 7 =X, B TR 7Y
Jith 24 4 AT T2 G 11 b TR AL AR AT A I 25 it 245 ik,
Ok TC AN HLE A R Y W8 it AR A L &
BEOTT L RFATC AN 24 1 AR J 2 4R 24 55 i
ke NN S WNGINE= iNL (A w kL (]
T,z th LR B EE AR VR Y b R AT 1t E B IR i
St B R LATTR R OR R B O 5 R A
PSS AR I TC AL 245 1) it 55 5, IR 25 5 22
W Z5 TR A — R S, 55 T RLAR )RR R AE
TR E LSRR, AR, LA kAR
A TE SR A A WA U TR B, RO AR AR W) A B fie KRR 2
MR , B I6 ROR e f A s 55 R AR K el
/N 3525 1 RN IR B 119 4R 24 T 2k TR 2 ik 3 245
SEIRBE IS Yeln)

FURIT, DG T 25 Wit 25 T R AR 19 AR HE IR 9T 2 2
SR FH DRI ASE S0 00 3R ) 5 e 0 S e 0 v o AR
T B PSR, IR T 56 0 6 o e 45 o XLt XL 1) 2 2
B0 AL AT B AT AR S TR AR G 1Y
RS R E B BRIE ST
— R 5 5 25 T LA I B R G, TR S T XU K
WSS it R g X6F 55 i R AR 9 5% w5 R T AETR 7E XU
121.7 ~305. 5 km/h [ 30 S0 4500 T % BB R )
M Sk 28 S e Sk 1 S5 A AR M HEAT T 40 #, 45
W S X SR AR A R 2 s R
5 I S 2R AR A AR A B N ELAT B R 1 25 i A
FRrp A% B R 0 B G A R S A s Sk 6
FERGUSON 45" 7 WU X 21 /M58 3k 1) 25T s 12
G B 5P B B AR PEREA T T I, S5 SR i
A K BB (5 W 24 A7 AE A 22 5 (0 HA A
AL 55108 43 A1 5 52 TR0 R B, ROk R H 1 25
TR S T A B i B RS AL s Tk B R 45
8 XU Fpos TR B T W58 3k 1) 35T R AR EA T T TR,
URFWL Ty R 5k 5 O R RE A [ B
(34K AR 45 FBURTE Bk 55 R B AR A8 /N 1

i

AR 25 AL IRAL B AT e, X SERIF ST AR KU h
PEAT RS | B AR XU X 56 57 i 1 2 2% 1 A1 9t
WEERN , 75 5 15 Bk e H AR A 25 1 (H XU
IR R IFAGE B 55 W] T [ s 25 4L, HABAE
Shy HE PR ) 5 M5 % DA SR v WA B, 2P
() FH IR ) 52 S SR TR 3R 22742 () 5 i, DG
Al AR S KR 5645 R L
S FH ] 30 AR A 235 SR v ) — P B 7R SR
DRI, A DG 2 2t XTI R D3R8 0647 T 45
W55, GULER 257 43 51 8 XU A 2 v kit ik
TS ST T B T S A BT e S B T 2k 1
Wit PERE . Ak S w e RUIR AT TS A T
A EE R KHLAY GP — 81A Z 41 i 25 Wi 3k 114 55 174
BRI AR, 58 T A E 5 S MARZ
[ YOG 7R 5 205 MGtEAT T SEbR AT B , I 5 X
TR0 %] L, 25 SRR B ZEWE 25 e g JEASAH W] ) 4544
T, SRR AR RIS (ARG SR ) S5 T R
15 e B i ARG R s SR vy ) AT
iR
BEAR, 1B 3 5t 25 X 8 it 2 SR 1 R 5
w10 A I LA T ISt/ b P, e 3 v o e
FEAERR L NP, [FIE, 25U e Sk ms i RS
G M B BRI 5 VR S e 4% 55 T )
Tiash 5EY R E A EAE 8 AR o 3 —
ANHETE (0 BT IR, 3 7 A2 T8 A HILAR 23 1 b 1 i 75
FEAEO 20 U YA SR A R B E Y e
E0E A S T E TR EEY B b RS
W S1ED 2 A 2E R R BN i i , HOE &
K/NBENS BLH S i X\ 5 96 2 BAE R B, AR B
VERRBE X 5 BRI e b 025 Rl ke B LR
L (= N N W DS R e ey 1 4 =R (B A
Wiz 8, T 22 H W I Sob k& 2ED R L
P T8 B AW R, H TR UL A S 5E #E
TR TETE 2555 AV 9 55 A 22 ) 6 R IR AR R
AL I ML E 0 2R I8 55 A Sk
SHWFFERT G, B S A AR BB AL R PR
T3 BT ASORT 25 1o 000 M35 Sk 32 47 9% 257 2 SR 1 e U
K, W12 R FLAE AN RIS it e ) T 1) 55 T R AR 20 AT
itk 2 DAZRSE KRG N FEAR Y , 8 ik a3 56
WR AR A SRR Z AR, mid i
S XU 5 ) 40 25 A DL 3, DAL A i =3



150 P 1 R = 4

20109 4F

Ht2h 775 PR AR, A I AL T4 e
HEfE RS SR

1 #MEEFE

L1 REEERIRET SR

AT H 7 38 43 L i« AT 0 3 A ) 3
DU Aol FH 1 i 22 w3k > B i N AR S AL it
AP H Y XR — Teejet 110015 & g 3K b FE i 23 ¢
3k (& [H Spraying System A H]) , BUE N 4 A KK A
43110015 — 1 .,110015 —2 110015 — 3 110015 — 4,
1.2 RUEMR
1L.2.1 XU

TR T FH XU A A8 B A Ml R 2 [ GRS AR A
23 Tt 25 HOR FE BRI A i o v By ROl A 2 L IR
WA, 2 KR SR B O R, R
BB B PO R B W B R B
6 FRATALRL PRI IR A SRy 4 B A5 A e B R ] i
B ST R 25 HAVE - & | TR A PR X B 15 A T
RSl W2 BIE R8T i XU PN R S 55
WEOR . KR TR EORFE AR AR 1 Frs, WU 524
FRILE 1,

®1 RBEARER

Tab.1 Parameters of wind tunnel
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Fig. 1 Physical scene map of wind tunnel
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Tab.2 Specifications of UAV and carrying equipment
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Tab.3 Determination of droplet size and spray flow rate of each test nozzle under three kinds of spray pressure

5 i - PRSI s AR
55 3K G Dy, /wm Dyp. 5/ wm Dy o/ wm Veio/ % Ry
71/MPa (Lemin~1) (Lemin~")
110015 - 1 (63+0.3)"  (120£0.9)" (233 £5.7)®  (36+0.5)" (1.42+0.04)" 0. 65
110015 -2 (63+0.3)"  (124£0.9)* (242£2.5)*  (3520.4)¢ (1.45+0.01)* 0. 66
0.30 110015 -3 (59 +£0.3)" (111 £1.5)° (226+11.4)"  (42+1.0)* (1.50£0.08)" 0. 64 2.60
110015 — 4 (63 +0.4)" (117 £5.4)" (233 +4.6)™ (3520.9)° (1.46+0.07) 0. 65
BfE 62 118 234 37 1.46 0. 65
110015 — 1 (61+0.4)" (116 £1.1)>  (229£9.3)>  (39£0.9)> (1.44+0.07)* 0.72
110015 -2 (62+0.1)" (121 £0.9)* (242%2.7)*  (35%0.2)° (1.48£0.01)° 0.74
0.35  110015-3  (58+0.3)° (107+0.6)° (211 +4.7)°  (45+0.3)° (1.44+0.04)° 0.70 2.88
110015 -4 (61+0.4)" (116 £1.2)" (227+10.1)"  (38+0.9)> (1.43 +£0.07)* 0.72
¥l 61 115 227 39 1.45 0.72
110015 -1 (61 £0.5)"  (114+1.3)" (228+10.2)" (40+0.6)" (1.47 +0.07)* 0.78
110015 -2 (62+0.6)"  (119+1.1)% (240 %4.7)*  (36+0.2)° (1.49 +0.04)° 0. 80
0.40  110015-3  (57+0.1)°  (103£0.2)¢ (1973.0)° (48 %0.1)* (1.36+0.03)" 0.76 3.12
110015 —4 (61 £0.4)" (114 +1.4)"> (227 +10.8)" (40+0.7)" (1.46+0.08)* 0.78
BIfE 60 113 223 41 1.45 0.78
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Tab.4 Summary of meteorological data and flight parameters for each test

K el it il L/ AHXS R SE/ R/ . Qiﬁfﬁﬁ PEICATHE,  ARCATIEE
% (m-s™1) = /m (m-s™1) m
1# 12.02—12.03 27.3 67.1 2.18 NE 1.28 1.30 32.66
2# 14:15—14:16 28.1 66. 1 2.32 N 1.51 2.98 31.20
3# 14.55—14.56 27.9 66. 6 2.82 NE 2.52 1. 68 33.24
4# 15.:25—15.26 27.1 68.5 2.29 NE 2.67 2.34 34.70
5% 15.53—15:54 26.4 69. 6 2.52 NE 4.23 1. 11 35.68
6" 16:27—16 .28 25.3 74.1 2.74 N 4.90 3.43 33.21

TE V45 /AT 3 B S TE AT Sk 55 /R 40 e S22 TP ) S T B 2, m,
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