H38E  H 18 Aok TR R Vol.38  No.18
40 2022 9H Transactions of the Chinese Society of Agricultural Engineering Sept. 2022

T AR XIAER T EiMEKEER LR EREAE
KB ZEMDY, X R AR BEN KEEY

(1. PERA KB E B S A TR, TR 110866; 2. R AN KB TR (N LEREZERD, T M 510642;
3. ESREERNM S A E RS TG, T 5106422; 4. R R TR, T 510642)

 OE: N TIRFTHEATEANNEE K70 i K FE A B B R A, 1% AT LUK R T30 MR ANLANEZS T
G, ALK 1%IE KF 0.5%3E B Target BIFERCNBHIE, 36T RIRFR + BUZIE R 45 (Particle Image
Velocimetry, PTV) & TAEFELEANIER KIBEH TS WRNsIAREK . B08% LR F R EKREH A
KEMshAEBEMA, o8 THEELANUIER XIZ X R EE MR, DU P BRI SRR S5, weuE 25 1b kg
R L KRG By 2R T TR VRAR PR AE IS i . AELIERE |, S5 E MRS E 0 5 R, g
SET R T AR TE AMUE 25 AR AR ) 55 A P R PR, BT R HE R R AT T B AR . R s RR
B, BhFRIVE ORI RPE T . BEME S AL R RE . TR KRG SR T VRV R e 70 DA R S AR K FE LA R B E T T Y
BRI . 5iEKERAREL, 7RI 1%E K5 0.5%% & Target BIFVAW G, EBREETIK 10 DK T 46.81%.
62.21%; WiMEFEAL BRI BT, LMK 9.3%; FHAE/KFEM R R A 0 IBRIK T 27.74%. 46.37%;
BV TR A WK FEREAK RO B P& 4 3N T 800.78%F11 1 051.49% » To NMUIE 3 X\ 37 XoF 25 17T P40 1o 2 R 25 ik 70 7K RS MLk
FHFME AR RN, RERKRSITEGE, SWITREEEZEAEEN, BERERRTEENRE, DR APIEREER
0 H4NZ 1000, 1800 r/min Y}, ZEiUTRFEE S RIBIINT 366.67% 663.67%. SHEREAIREHLIL, RERFEFR)E,
1%38 AT 0.5%38 & Target B MRAE K FERE R b IR B 20 B BRI T 26.78%F1 29.75% AR ST ST 13 Bt A 2 T v
K 1%3E KFN 0.5%15 & Target 3 Fhya i CE K FEAE AR L3 B & IHERA 22 2 501 8 48.59%. 79.07%F1 79.29%. %W Fi NHE
LRTEANHUXS KRG REAT it 25 16 b B 0 e Bh IR L3R 2% 54a 5, JHIRELIRE XA /E M T 2 MR KRB Ak -3 = 10 TR
TR

EEEIE RAN A BhA; RENI; R ERR
doi: 10.11975/j.issn.1002-6819.2022.18.005
PESES: S252 SCERARERD: A

KB, =ZEW, XF, F EANRERGEATEHAEKEER LHHMETNRE [J]. Kl TEFKR, 2022,
38(18): 40-50. doi: 10.11975/j.issn.1002-6819.2022.18.005
Zhang Haiyan, Lan Yubin, Wen Sheng, et al. Modelling approach of spray retention on rice in plant protection using unmanned
aerial vehicle[J]. Transactions of the Chinese Society of Agricultural Engineering (Transactions of the CSAE), 2022, 38(18): 40-50.

XEHRS: 1002-6819(2022)-18-0040-11

http://www.tcsae.org

(in Chinese with English abstract) doi:

0 3

AP P U B R . BB AL Pia
RO RO e s FE  EE TR, Har,
[E AR 2GR A EUBAR, Bt o, B 2020 R,
EKRE D TR=KRBEDRARLGHHER N
40.6%") o 2 FIAARAMN 22 FEOR 25 IR TR AN I AT
(TN RATae se 2 S e e 53 27N ) < N V12
PR i TR RBEBOR 2 —, SRR 2
TR M EEF B,

jilll

Wk H A 2022-04-22 BT HEA: 2022-07-18

HEWH: BERARBFEETH (31901411); E R GRS _E
H (32271985); J"ARASIHSEAATH (2016LI06G689); | HRHE HA
Bl 40 H (2022A1515011008 )5 3 74 BT & S 0F R 0 H
(2019JH2/10200002)

PEF R Skigtt, A, BRI oA N A .

Email: 1322366847@qq.com

KIBEES: ZEW, #d%, MEESI. 707 Mot K s
M58 E R . Email:  ylan@scau.edu.cn

10.11975/j.issn.1002-6819.2022.18.005

http://www.tcsae.org

FELORTE AL 25 5 A S AT 2 B B B 2 4 i
gro 310 4, A ORIE AL A AN L i AR R 3
TS F A A A2 L ok 0 A g N i 24
BOR, HEARMREZRE, BEARTAIEZEARME
BUBLAE, WHTCE AR DRIC AN ZGRCRTT e 1 K2
BEFC AR, KSR T AR EESE S M A Bt %
i 7E S DX 3 OB 121 FE A X I SRS e 4
HER RIS ABUE R K o A R R
TRICANUIESR K I E e 2 e sl i e 45 2021

R NAFERIEY) BRI EZ R F . UL
AN N U 12 e B A U e B = 1 A EE L
R AR TG AU 24 30 R it 9 = AR R E 2 B L S
DORERE, X S e SEARE) L Rh B 8 1 RTE AN
X S ZE SRR 25 R AR 5ok U, 5T R P
FEARW E . P, RIS VRO R DR JC A ML 245 R
IV EE SE i puR s es by p MV -Sib

TR T B R AR AR TC A LSRG 2 A A
Ytk BRI R AR A R . T SRR



18 1

55 W UL Bee T8 P2 R 25 YR A VR I e SR T 1) R A R e D2
S0 55 3 TE AR AR IR 280 B Jok 2 R e 4 8 P i 1) 1 S
B BT DA 25 CE A E P e 3R T A
HiRERE ST, IR OR TG A HLE 3 X 0 553 T B B
(AR B AE R, ORI S0 55 O U RS 82, 4K T 52 0 25
TEAEYIRE AR ERIBE M. DR, 07 DUKER T30 fEfR
TAWAIEZ TG, LAEK. 1%E KA 0.5%i% K Target
BB, CAOKRE WX %, — 5 H, XK
TEAN G WA ORI AMLIRE 3 X375 %0 25 T U7 okt 32 1 553 £
IKFEAEAR BRI, S — T, WA Bl
VOISR W E S AL ERE . TR KR A AR 1
T R RE ) M S (K RE AR B R . &S
BT FRBE AN A S S ORI R, $R S T A
TRIC AL 553 70 /K R AR b 30 P A 2, JRidE i
A0 36 AR A 1) TIOA

1 fREUEIR

25 B 250 R A M BRI R T 32 B Y 5
o PTRE . BAEYDE EFEEOR 5 AR 3 1 K AR A
& 4 AR ZWHEAEY R EEEA S Y R AR
H e YU A E R BRI R 2 A ockid AR, A
SCHRE H TR 55T A B A Y 2 B 5 VR S A R R 5 R
FEAR T 2H B, IR WG 5540 M i 1) S5 R R AR 5 T8 A IX 2
MEMPEES R —.

1.1 EiHEERE

FWALAR . FWMUCREIEE . SN R 1A EA
YEY) 5t 2 83 B K /NG TR 25 BB 52 AR W) et /2 0 55 T T 42
B . B W AHASe A Ss SRR, WA 25
WA E N FEEEE, DU Z sk, H52
FIERANTEZE, DU B AEREAR X IR,

AR K TG, KRR E R N 6 M=,
BT 2 2 B R I B 7K 8 AN ek 2 0 S AL 1
HTHARTEE (Leaf Area Index, LAD , HHENTHE
Z A AR B RO B ALAL B Teske 258357 (1/EY)
o E RN P 7 B KRR 1 AN 2R PN

R,=GXP{—ALAI} (D
cosd
A 0 =P E MBI RTTM, (), & XA
0 =tan™ (3) 2)
v
K us v RN ERAKE. BETFAEE, m/s.
5B KRS TR R AR P, oY
P, =[1-E(1-P,)] (3
X E EYEZ MR, HAm AR A
E{ St j (4)
St+0.8
A S7 4 Stokes #, & X AR
2
si=£2L (5
ud,

XV NFRUIUREE, m/s: p NIEREE, kg/m’s u

FRIFHSE: To AHUIE IR XIS 1E R A K R AR R L X 26 B B A TR Ay 41
NESRENNFEE, Pass: doAM R EAR, m: D NEHL
’/fés /um;
F MO B AR RN

P=1-P, (6)

1.2 EiFHSKEMHREES

Zi S 1EY R AT NS, ATREFE AR BB
IS R I S sSR0SI 1) 5537 A Rl R T
Z B 6 S5 R el e e T B K O 2N B A N R S
TOEREY . Rk, R AR R AR 2N PR R P R A 4
B, — A R SRV A R AR S R I B
Pk L E AR, 55— S hEE B B R R A
T 11 25 T TEAE IR R IR P . ARSI T S 55
TEVEVIRE AR b 20 B2 R 93 3070 5540 (R AR AR
1.2.1 FARGEAER

Mao Z5P2HET % i 55 ¥R 2R T Rl A2 rh SGHE B B
HI e AL AR B H e B L M B i R R LR S
FZHRER AR RN

1 Weo.ss d 3
—(1=cos@)+02—— || == | -
[4( cos6,) ReM3}(l)J

)3
12 D 3
A O, FZ WAL, (° ): d,, R F RO R BAT, um;
We 5 51050 Re & 4L
Hrp We=pV’D/c (8
Re=pVD/y (9
K o BRIBEWENAERMK ), Nim; y RIEREE, Pas.
BT e B S E E BRAE S H AR EEAR R T S G
B A 4 R SRR AR (B N'm) BITHE R

[33]

YD)

2
Ek—%(i)”’j (1-cos6,)—
23
OJz(d?j (1—cosa)“3+g =
D 3\d

m

WR EATHERONIE, BUWE S0 H FIRshEE, B,
F R E R, R E MRS R NTET 0, B%E
STEARRNBIRE, B, ZFHERERMAT N, AR
T 1M 553 S A IR S W 253 5 KR T (O A
1.2.2 FiERmARA

2T PR AT 9 550 R AR I ) IR E, 7E T
iR, R R TR TR B AE
W, ZFigkRAEBHEE, EFZEE, #rgmk
3 (1) B,

(100

K =We'"*Re"* (1D
WIRZ WAL S50 KB KT Kerit, S5 2 R AE M
W, BN, S EUR A RREUR AR . Kerit & — 15
55 ¥ AL A8 2 T PR SSRA G I 8, FEARIRZ A A, Kerit
EAE . BTEL, BRI Kerit {8 75 22t H50 s
WA IRE, FERTFE /. 2010 4, Forster &P T E R
TEVA I ) 2 b A R A o E Kerit 4B, B



42 Ll T2 (http://www.tcsae.org)

2022 4E

Kerit = —0.9227(CAgp;ouone ) + 160 (12>
A CAsoosacerone TS EL 50% 0 PR R VA RAE /K PR
v B bR A, ()

FH T VA VR R L e i ) R AR e 3 i TE VE A AR
9 R AR RR L, DRI, ANk FH BIIE K 1%08 KR 0.5%
LB Target BhilH K 55 i -5 /K R ik A il 4 9 & A= st itk
i, HAEKFE R 2R st B AR L R AN

/KM AE BB K K FERE R B R AR T
SRR 7EmE, R, KA 1.2 /N HER % 5K
T 1 Al 4 S 2R T 56 37 /K 25090 75 /KRG I 3 T DAl 4
GERE, RABRAREMT R 10% 5 & A eIk 1035 7K %
7E /K gk R b st J DY,

T L AR EST - FR (/10 sl NN E S = el
WS EYI R R 45 R0 S 2R . AR SCR M
0.5%I15 | Target BRI H 5K ) J 3 55 A2 K R
R T A A 3 5 SCER[39]7 0.1%0S Bhiflia i v K i
ik 71 X HAE Teflon R FIEALA L. Bk, ARSCRA
SCHR[39]H 0.1%O0S Bl i 55 i 75 Teflon R T & A= Wik
J&, WHKZ T Teflon R MR (70%) HHEA
I 0.5%E K Target BV BAE KRG A 3R 10 R A 5%
i, HAE KRG R PR L3t B i AR R,

AL, 1%34 CEhFIE R 2R T 5K AT SRk [39]
0.1%0S F1 LM P Fh B 2R 5K 12 18], Z7EK
eI A 2 THI )3 Y 4 2 A 0 B AT iR AN B3R v A
Fat-hen MM 73R [HI (1) VEVR 40 RE B8 71 2 0]« PR Al Bh IV VRAE
Fat-hen M Jy SR 1H0 & AE MG, & AR IGEI Y 25 i 75 Fat-hen
- SR T 2 B R P 34BN 55%7 . R, AR SCRAT 55%
THE 1% CBI A IRAE KRG 3R TH R AR eIk, JLAE
IKFERAE I (1308 B8 AR

PR T 550 75 B8 B K P R TH AR AR IR 32, AR
KA, Rk, AR SCRBE T R A RS X i 7K
TERE AR E RO DAk . b SR T A B B A R
PATIERES WA 1.

e e e T B s Tl

|M*ﬁﬁ%ﬁﬁ%§%5mﬁwﬁﬁim&|

(BT 5 om0 50 B KRB s

I JFZ]]

TEANFRAE | [757K:10%: 38 :55%; 7 1 70% || 3R iRl & N
Mﬁffﬁiﬂ; A RAKRIA B0 || AT AR | o e
R & HiB EC0) FRyIB R a

B 1 FiAsEH SRR e PATAAZE
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Nozzle

¥ n
NN
7 /II\\\\\ S
35cm // / I\ \ \‘\ i
/ / | \ \ \ Spray field
AR
//// / /I \ \ \\\\ R
p / | \ N WL R
‘- / . l L,_\‘,_o ...« __'e— The laser’s position
10 cm 10 cm 10 em of laser particle

size analyzer
b. ZE o R
b. Schematic diagram of droplet spectrum measurement method

B2 FFafFaENEsErsER
Fig.2 The spray system and droplet spectrum measure method
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Fig.3 Installation diagram of PIV (Particle Image Velocimetry) system
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Fig.5 Droplet spectrums of 3 spray formulation
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Note: Figure 6a-6¢ and 6d-e are the droplet velocity field distribution within 0-0.38m, 0.55-0.8m below the nozzle, respectively.
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Fig.6 Droplet velocity distribution fields at different rotor rotation speed
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109.179°, 10's PP T %5 81.384°, 10s &, #Efilfh T
%, 60 s Rl Al 58.772° 0.5%3% &l Target Bl
R S W tE KR B BRI iG A /R 81.020°, 5 s
WBEIE A 46.115°, 30 s B, BEMMMATE 9° 4 4 k5), 40 s
B, ZMTEEmMBEIHARE 7. £ 18 3 MwamER
1 50% P B TR i 0 5 5 R KR P 2 Os BRI
il AT S YOI ESE R IME . SIEKEAEL, Wi
1%35 %5 0.5%IG K Target BhFAE WG, EKREH F 3R
ﬁ%%%%ﬁﬂ%ﬁTﬂﬂ%,%ﬂ%

ﬂ..ﬂ..ﬂ..ﬂ..ﬂ..ﬂ..ﬂ.

a. JH/K
a. Pure water

5 5 A & A a B

b. 1%3iE &
b. 1% Maifei

e

c. 0.5%I4 & Target
c. 0.5% Maitu Target

A7 3AFshRER kAT A £ 60s M e4h R A

Fig.7 The variation of contact angle of 3 surfactant spray formulation in 60 s

x1 EMANSLER

Table 1 Contact angle measure result )
FEA 0.5%I Target 1% & K S0%PERAE
Samples 0.5% Maitu Target 1% Maifei ~ Pure water ~ 50% acetone
1 76.231 126.11 151.083 121.172
2 78.707 111.019 149.223 125.884
3 73.774 92.714 152.298 126.027
4 84.291 110.788 159.223 126.142
5 92.098 105.263 149.116 131.142
“FH1H Average 81.020 109.179 152.189 126.137

B 2 51, 3 AWHEEE T, EKRIK IR,
N 67.138x10° N/m, 1%35 €M1 0.5%35 K Target BV
HIZ T K S50 W 35711107 A1 25.369x10° N/m. 5
IKAREL, IRIN 1%34 K BR 0.5%3 & Target BI7 VA WUS
TSR IR T TK 150 BIFRAR T 46.81%F1 62.21%.

AN 3 ] Target Bh7ER 10211 1K /7 5
/Ny ETRTE I P _F BB R L e R, R KR I A
Mo MR BT, 0 Rk, B2, 5K,
R BRI AR KR P 2R T R A S AR A

FT2 BEBUMER
Table 2 The physicochemical property of formulation

i FIARMETE S g S
Formulation Dynamic surface tension Viscosity Density
J(N-m™) /(Pa‘s) J(kg'm™)
0.5%3% [¥] Target 3 3 3
0.5% Maitu Target 25.369x10 1.05x10°  0.989 9x10
1%34 % 1% Maifei 35.711x107 1.15x10%  0.998 2x10°
%7K Pure water 67.138x107 0.893 7x107 1x10°

2.1.4 LAl 5R@KAAEEE
6 NMKBEFEER LAI M EE S ALAIL tHEAEUNER 3
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J7R, 23 ALAT HITHREERAN 1.2 /N HiR 1) 2
PR ALAT (HINME. 3 PSRRI K . B
MEEEZ RN ELRS WK 2, LRE TEHEER
TEET

3 HEREHNESER
Table 3 Leaf area index measure result
PR /KRETG
PR OREED OREED ORAE3 RRE RRES REE6 R L
Distance from Smplel Smple2 Smple3 Smple4 Smple5 Smple5 Average
top of rice/cm
10 0.02 0.03 0.04 0.17 0.02 0.04 0.03 0.03
20 0.17 027 028 034 0.19 0.33 026 0.23
30 0.48 048 0.51 0.61 047 0.63 0.53 0.27
40 08 081 081 093 079 08 082 0.29
50 136  1.11  1.08 1.19 125 1.22 1.2 0.38
60 2.08 1.81 146 283 212 217 2.2 1.00

TE: ALALJy7 T Rz HOM i BUREOH i -

2.2 BENTHEREREEWIE

R ARNERIF I GHKM 2 BT, HBiER#H 5K
Fam R AL 45 R ST AR . B 25
TE KRG A 2R T 58 B 58 8 1) il 5 R 4602 31 )5 R AR 1
Bfe, AW AT RAE RIS E, B (100 it
HARS . WS E K A Kerit 254 1 553 2 75 A AR ek
WS4, mal 122 ARl D Mk a2 &
1.

BH T 550 Wl A AR TR S5 SR el s 15 1
RIS, F RS KA E T TR R
SERCGEEMERMEIGHE3 G, BT, B, NIEETZ
H KRN Kerit 34 W7 5535 2 715 42 A2 w0 2 SR 250 R AE g
TN B R R R AR K A, ARE S
Ey W IE SR W 2500 2 15 R AR O . 353 5 KR F 3R TH

Note: ALALI is leaf area index increment of every canopy.

HARMRE S5 R Ak 4.

x4 FiHSKEMRORHESER
Table 4 Impact result between droplet and rice leaf

R 157K Pure water 1%36 % 1%Maifei 0.5%3% ] Target0.5%Maitu Target
Droplet ~ Kerit K Ey Tl 2% 5 K Ey Tt K Ey b s
size/m N Y N Y N Y N Y N Y N Y N Y N Y N Y

20 43.6 54 250 -0.1 02 F & 69 321 -02 02 FiM x84 387 -04 -03 Fit  Fi
25 43.6 64 295 -0.1 03 Fi &3 82 380 -02 02 Eit x99 458 -04 \ bt
30 436 73 339 00 04 ZFH xR 94 435 02 03  FH mBE 113 525  -04 \ B wEK
35 436 82 380 00 05 ZFH =¥ 106 489 -02 Fi WOk 127 589 -04 \ M wEK
40 43.6 9.1 420 00 05 ZFM &I 116 540 -02 \ FEBF O WEUE 141 651 -04 \ FhBR K
45 436 99 459 0.0 \ AR w127 590 -02 \ ZEBF wEUE 154 712 -04 \ R wEk
50 436 107 497 0.0 \ Kt migk 138 63.8  -0.2 \ M Wik 166 770 -04 \ B wEI
55 436 115 533 0.0 R Wik 148 68.6 -0.2 \ FhRE WEE 179 827 -04 \ FBE IR
60 43.6 123 569 0.0 \ R OmEKk 158 732 -0.2 \ B w191 883 -04 \ by W
65 43.6 131 605 0.0 \ORBE OWEK 168 777 -0.1 \ B w202 938 04 \ by W
70 436 138 639 00 \ O REE OmEKk 177 822 -0.1 \ Fi o wHk 214 991 -04 \ M wEK
75 436 145 673 0.1 \ R OmEk 187 865 -0.1 \ FiHt wEk 225 1044 -04 \ KT wEIk
80 436 153 706 0.1 \ R OmEk 196 908 -0.1 \ FEBF WEUE 237 1095 -0.4 \ R wEIk
85 436 160 739 0. \ORBE OmEK 205 951 -0.1 \ ZFhRE WEIE 248 1146 -04 \ B wEI
90 436 167 772 0. \ORBEOWER 214 992 -0.1 \ FBE Wik 258 1197 -04 \ FHBH W
95 43.6 174 804 0. \ kA mEKk 223 1033 -0.1 \ B wEE 269 1246 -04 \ b W
100 436 180 835 0.1 \OREE O OWEE 232 1074 -0.1 \ B wEg  28.0 1295 -04 \ b W
105 436 187 866 0.1 \ O REE OWEk 241 1114 -0.1 \ ikt mEK  29.0 1343 -04 \ b T
110 436 194 897 0. \ R OWEk 249 1153 -0.1 \ ikt mEK 300 139.1 -04 \ B T
115 436 200 927 0.1 \ R mEk 258 1192 -0.1 \ FEBF WEUE 311 1438 -04 \ KT Wk
120 436 207 958 02 \ORBEOWEK 266 1231 -0.1 \ ZBT WEK 321 1485 -0.3 \ FHBR W
125 436 213 987 02 \ORBEOWEK 274 1269 -0.1 \ ZBE wEE 331 1531 -0.3 \ FHBR W
130 43.6 220 1017 02 \ OB OWEK 282 1307 -0.1 \ Fibft  wEK 340 1577 -0.3 \ by W
135 43.6 226 1046 02 \ R OWEK 29.0 1345 0.0 \ B Wi 350 1622 -03 \ by W
140 436 232 1075 02 \ kAR WEgk 298 1382 0.0 \ ikt wEE 360 1667 -0.3 \ b T
145 436 238 1104 02 \ R BRIk 306 1419 0.0 \ Fib o wHk 370 1711 -03 \ B wEK
150 43.6 244 1132 02 \ R OmEk 314 1455 0.0 \ FHE oW % 379 1756 -03 \ KT wEk
160 43.6 257 1188 02 \ R OmEk 33.0 1527 0.0 \ FiBE wE% 39.8 1842  -0.3 \ FhBR IR
170 436 269 1243 03 \ORBE WK 345 1599 0.0 \ S mElk 4160 1928 -0.3 \ FhBH W
180 43.6 280 1298 0.3 \ORBE WK 360 1669 0.0 \ S mElE 435 2013 -0.3 \ by W
190 43.6 292 1352 0.3 \ OB WK 375 1738 0.0 \ g mEE 453 2096\ \ L L4
200 43.6 303 1405 0.3 \ R Wik 39.0  180.6 0.0 \ S mEk 47.0 0 217.8 0\ \ LY L
220 436 326 1509 04 \ R Wk 419 1940 0.1 \ S mEk 505 2339\ \ LY L
250 436 359 1660 0.4 R OmEk 461 2135\ \ mE w556 2575\ \ WK B
300 436 I T A T 529 2447 0\ \ mEE mEE 637 2952\ \ K B

T NARRER RGKH;

Note: N means that the rotor system is closed; Y means that the rotor system is opened. °\’ means the droplet has shattered and wouldn’t rebound, so there are no Ey.

Y REFEWHEARGIE: \ RBEZSHOREMIE (K>Kerit) , AaRARSE, Hik, RHEE EAE.
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WER RGN, S K FE M B R AR )
50 pem LAPY (R385 7K 2590 BLEE R P BK ARG v &, KT
60 um W Z I KA R, WA ZHRERE. W 1%
A CBIFITERUS, 160 pm DL A 5530 LR B 2
M, 170~220 pm Z [A )5 KA R, 250~300 um
W33 R AR . SN 0.5%0% 18] Target BhFAIVE S »
180 wm LAV I 55 B8RP 2K AR M R l, KT
190 um W55 R AEBTK, A SMAEER . T R
MR R A, SIEAREIRALL, 0 1%MIE CBIFHIEL
0.5%I115 ] Target BJi7)35) ] A 2800 550 S A 1
SR AR, AT R S AR K RE I b B A

BERFF R, KM 1%E KB S ek &

SRR EREIE, A 5 BRI R KR A B, 0.5%
15 18] Target B obiAR ANEEE 20 gm (155 ELIR RN
BKFEM R, HABE R AR, B SRR
o R4 BHEEREY, 3 FVER BT 99% 1 % 5
KRB R AEREEAT YR, AR AR, X RIS 5
KM 2 MR N IEE AL, BERITR G, 3 MR
SRR R AERE AT NG S5 R AR 1 0 e P
Thi, B WAEARREM LB B MR U RE,
KA TR I i 2 R E R DO L (S5

® 5 R 3 HEARINZ AT AWK
ek BRI RS R . TIOR3 P RTE R A WK
AR PR bR PR R AT KB REAT 24T -

5 EWHGEBABUKEER LHFME

Table 5

The droplet retention on rice per hectare L

s HERLE 1 Repeat testl
8 7 V25 - P

H AL 2 Repeat test2 S

Spray formulation KRET KFE2  KFE3 KFE4 KEES
Ricel Rice2 Rice3 Riced Rice5

KFEe  KFE1  KFE2  KEE3 KEE4 KEES  KAE6
Rice6 Ricel Rice2 Rice3 Rice4 Rice5 Rice6

Average

7K Pure water 0.880 0.665 0.602 0.525 0.463
1%3E % 1% Maifei 5.943 5.478 2.741 5.065 6.888
0.5%3% &

12.1 .022 . 352 1.181
Target 0.5% Maitu Target 3 90 5355 9:35 8

0.651 0.828 0.465 0.878 0.440 0.305 0.960 0.639
10.713 6.468 5.280 5.175 5.040 4.567 5.707 5.756

8.594 8.157 6.368 5.200 8.807 5.575 8.544 7.358

WEREF IR R 2 DNEAT, BRI S KA
g6k 2 4 3 1 A FRURN 25030 1 /K R ARk b 1 86 B 15 0
* 6. BEREIFIART, 1EK. 1% € 0.5%15 K Target B
TR WA B > WK R et 2 2 R AR AR 43 il o 13.245.,
13.261 A1 13.254 L, 3 SRR TG 2 K85 18
88.30%- 88.41%F/ 88.36%. JEH KN, 3 FhAEH:EE
AWK RS 6 2 AR R 0 08 13.910. 13.911
13911 L, 3 F&BAK TG 2 M EE 5 008 92.73%.
92.74%H1 92.74%. JLIRHERITJEBE KA, 3 FE
KRG E R IR EE A F . HE, S5E3E SN A
b, BRI G, 3 Fha il oK FE e 2 A AR R
W, o> 0.66. 0.65 F10.66 L.

Fz 6 BATKBMNERNESESHWE

Table 6 Droplet interception and retention on per hectare rice L
wRR% Wk Ek G

i H Item

Rotor system Pure water Maifei Maitu

TR T 2 A A 25 A AR Y 13245 13261 13254

Droplet volume intercepted by N 13.910 13911 13911
rice canopy : : :

TR T (¥ 55 T 200 B Y 1.315 7280  9.280

Retention predicted by model N 0.254 9943 13210

0 253 1 286
Droplet retention on rice Y 0.639 5.756 7.358
measured by field test

WEH ISP, 3 PP 55 75 5 A BUK FEtE AR E %
MHEAR N 0.254 L 9.943 FI113.210 L; fg®ITamt, 3 fh
T 55 AR A VUK FEAE R E R RN 1.315,
7.280 F19.280 L, HheR CHB AL, REFEE, 1%
16785 0.5%38 & Target WA AL KRB AR B 1RGP &
YIREAK, H A mlB# T 26.78%F1 29.75%.

BT 3 PR KRG 2R e R Al e A
I3 PR IRAE KRG B I B A R B 45 SR 2 R ROR

5 K IAE R UK G AR LR AR LG, A0 1%
16 KEL 0.5%3 & Target BhAER )G, S5 7ERE A UKRE
FE PR _E R B 23 AN T 800.78% 1 1 051.49% .

GG R 6 A, 3 M E R A BUKFERE R R =1
PR T 2 SR 88 v 1 (R R, LR R AT g 2
T ML E XI55 KRG EH BN EH, 380 T 55 %
B KR 2 MR, A SO B R R R I R
FETCANUIE BRI e, 30 il 1 KR e 2 % 251
PIFEEEE, T Eh T S R R KA LR R

FERI TR 7K « 1% €A 0.5%:5 B Target B
TEKFEAA IR L 3 B B I HER 50 1A 48.59% 79.07%F1
79.29%, EEIT] T e B XA 1R R R B 25
TEKFERA IR LI ZH B &

3 & it

AR B SIS G E, MR T 1%3E ¢
55 0.5%35 B Target B0 i 40 HERE . S 7EK
eI e Y PR A BT 35 T K R A o 8 B 2 P e
R, N T o AL 3R A% 55 1 i I RN 55
TEKFERE IR 3P R M, g 7 T AR AR TC A ML e
RIS MER T E WA KREEE LR &SR, FHI0E
T R, TSSO

1D BhISH S A T . WS SRR RE . S5
TE KRG I B 2R TH] VAR 2 66 7 DA B S5 FE /KRG A Ak b
P2 B T A AN R FE B e . S5 KV VR L
I 1% %5 0.5%G K Target BifAR )G, ERKT
KL T 46.81%. 62.21%; WilEE AV 5 KR4
BRI, AR 9.3%; e KRR 0 %
il AR IR BEAR T 27.74% 46.37%: Z1E/KABHEA 1)
N BB AR RIS N T 800.78%F1 1 051.49%.
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2) AN KI5 S5 TR A R, i

HAZGI G, SWMUTREREHZEm, HEJUARF
EIZEIRE . U AVEELEHE 0 Mm% 1000,
1 800 r/min FF, 55 ¥ P B BE 23 0 3 00 T 366.67%
663.67%.

3) JeE W 55 g DU L AN, AR

AR RE P RTINS DL A A, gk AR T %
FEKTEM PR LRI, REXISITE G, 1% ¢
0.5%373 [&] Target B 71 AL /KRS R ML X206 B S 4 BAIR

Hoy

TR T 26.78%F1 29.75%.
4) A SCHE T ) 25 A B AR R T K 1% KA

0.5%I & Target B AEAE AR 28 B = A vHEAf 222 29 )
N 48.59%. 79.07%F1 79.29%.
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Modelling approach of spray retention on rice in plant protection using
unmanned aerial vehicle

23% \Wen Sheng*, Chen Chunling', Xu Tongyu?®, Chen Shengde®?

(1. College of Information and Electrical Engineering, Shenyang Agricultural University, Shenyang 110866, China; 2. College of Electronic
Engineering (College of Artificial Intelligence), South China Agricultural University, Guangzhou 510642, China; 3. National Center for
International Collaboration Research on Precision Agricultural Aviation Pesticides Spraying Technology, Guangzhou 510642, China;

4. College of Engineering, South China Agricultural University, Guangzhou 510642, China)

Zhang Haiyan?, Lan Yubin

Abstract: Spray technology of plant protection Unmanned Aviation Vehicle (UAV) is the highly efficient pesticide
application in agricultural aviation, particularly for the zero growth of pesticides. The number, application area and scope of
plant protection UAVs are ever increasing in China in the past 10 years. The application performance has also attracted much
attention in recent years. Taking the DJI T30 plant protection UAV as the research object, this study aims to investigate the
effect of rotor wind field of plant protection UAV and adjuvant on the droplet retention on the rice plant. The pure water, 1%
Maifei, and 0.5% Maitu Target adjuvant formulation were taken as the spray formulation. The aviation wind tunnel and
Particle Image Velocimetry (PIV) were utilized to measure the spray flow field under the action of the rotor wind field of UAV.
Some parameters were evaluated, including the dynamic surface tension, viscosity, and density in the formulations, as well as
the dynamic contact angle of droplets on the surface of rice leaves. A quantitative analysis was made to clarify the effect of the
rotor wind field on the droplets movement velocity and the retention of droplet on rice, the influence of adjuvant on
formulation properties, the nozzle atomization performance, the droplet wetting and spreading performance on the rice leaves.
A prediction model of droplet retention on the rice plant was established in the field of plant protection UAV spray technology,
especially combining with the droplet interception and the droplet impact model. A field validation test was then conducted to
verify the model. The results showed that the adjuvant formulation posed a significant effect on the droplet size, the
formulation properties, the nozzle atomization performance, the wetting and spreading performance of the droplets on the
surface of rice leaves, as well as the retention of the droplets on the rice plants. The surface tension values of 1% Maifei and
0.5% Maitu Target adjuvant formulations were reduced by 46.81%, and 62.21%, respectively, compared with water; The static
contact angle of the droplets on the rice leaves was reduced by 27.74%, and 46.37%, respectively; The retention on the per
hectare rice increased by 800.78% and 1 051.49%, respectively. The droplet size increased by at about 9.3%. There was a
significant effect of UAV rotor wind field on the droplet movement velocity and the droplet retention on the rice. The droplet
movement velocity increased significantly, after the rotor system was turned on and more quickly reached the stable velocity.
When the UAV rotor speed increased from 0 to 1 000 and 1 800 r/min, the droplet movement velocity increased by 366.67%,
and 663.67% in turn. Compared with the droplet retention on the rice when the rotor system was turn off, the droplet retention
of 1% Maifei and 0.5% Maitu Target adjuvant formulation decreased by 26.78%, and 29.75%, respectively, after the rotor
system turn on. The accuracies of the retention model were 48.59%, 79.07%, and 79.29%, respectively, in order to predict the
retention of the three solutions on the rice plants.

Keywords: UAV; model; adjuvant; rotor wind field; retention model
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