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Abstract; Because of wind stress, the movement trajectory of fog droplet in space was changed, and the
deposition distribution of fog droplets on the target surface was changed. In order to study the effect of
different factors on this phenomenon, a test of droplet deposition distribution in closed silo was designed.
The variables were the transverse wind at different speeds (1 m/s, 2 m/s and 3 m/s), spray height
(30 cm,40 cm and 50 ¢cm) and spray pressure (0.4 MPa, 0.6 MPa and 0.8 MPa). Based on the
experimental measurement results of deposition distribution, a bimodal distribution mathematical model
based on normal distribution probability density function was established. The physical significance of
each coefficient in the model was also explained, and the influence of various horizontal factors on the
coefficients in bimodal distribution and influence relationship of each horizontal factor on the coefficient in
bimodal distribution were analyzed. This mathematical model can more systematically express the
relationship between deposition range and deposition quality. The variation law of deposition parameter k,
was opposite to k,. With the increase of spray height, spray pressure and cross wind speed, k, was
decreased while k, was increased, and deposition shifted from the first peak distribution to the second
peak distribution. The two position parameters p, and w, of the bimodal distribution had the same
variation trend, both increasing with the increase of wind speed and height, and decreasing with the
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increase of spray pressure. Therefore, increasing the spray pressure can reduce the center drift distance.

The range of the first and second peak distributions ( scale parameters o, and o, ) were increased with the

increase of spray height and wind speed, and the deposition distribution was more dispersed. Increasing

the spray pressure can effectively reduce the deposition dispersion of the first peak, but it had no effect on

the distribution of the second peak. This study investigated the effects of different intensity of transverse

wind and spray height and pressure on droplet drift deposition distribution, providing a reference for

optimizing pesticide spray technology and improved droplet resistance to drift.

Key words: droplet deposition; wind-stressed; normal distribution; bimodal distribution; deposition
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Tab.6 Experiment design and response values
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1 2 40 0.6 675.79 618. 10 5.15 20. 11 22.37 43.02
2 2 40 0.6 675.79 618. 10 5.15 20. 11 22.37 43.02
3 3 40 0.4 629. 41 486. 945 6. 54 16.76 26. 96 46. 69
4 2 40 0.6 675.79 618. 10 5.15 20. 11 22.37 43.02
5 1 40 0.8 1011.89 706. 67 4.95 20.79 16. 45 36. 05
6 3 30 0.6 1 000. 28 349. 55 4.42 13.71 26.39 40. 61
7 1 50 0.6 481. 88 673.975 5.56 22.89 19.25 42.76
8 2 40 0.6 675.79 618. 10 5.15 20. 11 22.37 43.02
9 3 50 0.6 499. 88 389. 14 8.72 21.85 28. 60 53.75
10 2 50 0.4 411. 65 555.04 7.63 21.37 29.03 56. 65
11 2 40 0.6 675.79 618. 10 5.15 20. 11 22.37 43.02
12 1 30 0.6 975. 565 606. 06 3.76 7.91 13. 56 21.57
13 2 50 0.8 900. 55 600. 565 6.93 21.94 23.50 51.55
14 2 30 0.4 924. 925 387.915 4.57 11. 46 17.90 31.3
15 1 40 0.4 1032.925 568. 055 5.15 13. 69 19.95 33.45
16 3 40 0.8 997. 60 693. 575 5.45 15.50 15. 65 30. 17
17 2 30 0.8 640. 65 933.73 2.64 6. 14 17.27 22.28
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Tab.7 Response significance P value

A ky ky T T My Mo
ALY 0.0279 0.024 4 0.000 1 0. 0009 0.037 8 0.003 2
v 0.2985 0.0229" 0.000 8 ** 0.6197 0.0081" 0.0141"
H 0.007 3™ 0.796 8 <0.0001™ <0.0001 ™ 0.0138 " 0.0001 ™
p 0.1425 0.0037* 0.0059 ™ 0.830 1 0.0302" 0.0449"
vH 0.978 1 0. 860 1 0.009 8 ** 0.088 6 0.545 1 0.3552
wp 0.143 4 0.673 6 0.2511 0.046 3" 0.196 6 0.0511
Hp 0.0136" 0.0144" 0.1274 0.1325 0. 400 4 0.644 5
v? 0.0569 0.1589 0.1599 0.260 8 0.363 4 0.1119
H? 0.2796 0.1956 0.303 4 0.0213" 0.5321 0.9017
I's 0.0949 0.1869 0.5821 0.1251 0.354 8 0.196 4
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Tab.8 Coefficient estimation of quadratic regression model
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H? -134.90 -107.92 0.19 -2.49 0.88 0.25
s 222.21 110.34  0.10 -2.39 -1.32 -2.83

HH R 8 ) A 4% 1> WU 43 A1 55 Y 2 501 |l )5
IR TR A NS B B A,
3.3 FEERMNERSHIZM

HRAE A S0 R R A A | 22 ] 78 AN ] 5
M NS o B, o =4k 2 &, AT LT 0
SRS A SHE e R R AR
3.3.1 XEESHENEMW

DURE S b RO T PN 5311 19 25 T TR
i, AR AN R 7 B . A U, Az 310
st i W R AN ], — 893 25 DA B AR 118 55 T R R
FrharEi 2 o BT R R M TR 26 2 25T kT
. LSRR DR T4 2 AV E I
O3AT . WKW B ELLE 2 AN A TP T T 4
e, — DU B ) 55— DUORR i /b, kR
I 338, Y A AT AR A1 B s ey B U35 B 55 L
FUHE R R 2L RS S ., 25 1 W DT
WSk, AR KR K S T
T fey WA, AR 00 T SRS A /0>, Wit ) 5 37 Joit o 3
AR TS 1 V(B ST, B I 25 g RIS XX
RGN, BT FE AR 0 55 2 DE(E A% FS
3.3.2 XHESEIIE W

PLESE p ST WA I AE 5 A AR TP L B
SEPIAN 37 1 S, BORTISE, 28 7 R 53 A i 15 Mt
AL E R IR B A A AN 18] 8 iR, M
G 0 55T R R LA R [R] 1 A8 T B, 359 i A

RO/ (-7

FE R/ (m - s71)

(b) £,
K7 DRSS =g n A
Fig.7 Three-dimensional cloud maps of sedimentation

parameters

R/ (- s7)

Og\ -
e

(b) u,
K8 fraEsf—4exlkl
Fig.8 Three-dimensional cloud maps of position parameters
5180 T A0 LD K T RS B 20
Ko FERIIEE T R 5 e A B XU R B0 1
XS B O A A A doe K, 5 1 DAL 0 A e RS A%



554 1 TR A o 00 3 A1 B KUBR0 55385 TR A1 B R 5 35

H33 em, 55 2UE(EH S A Fe KA EE A 59 em, BEE K
T, o, 32 B W55 25 B 52 MWl )N 5 T e, Bl 5 105 55
FEIRSE M/ . S0 %5 5 B H<30 em i, Hi 3
W, <p, FENL, LB IEE BB T =AM,
3.3.3 XTRUESHZ

REZH o BT PHANEME L w 5
Y, o B, UERH TR S A1, 06 {43 A Y1 ]
R 5 o /N 150 B AR o B A v | W {40 A 3

TR/ (m - s7)

/N, AR AN 9 BRI AR Y A3 AT T 2002

(a) o,

Fil e it 5 W 55 ey 8 AR IXUKUEE g 184 R g R, Herp
o, BEAE W5 55 T 7 B9 BG I8/, T o, ZEAR XGH N 52
HI BN, BiE KGE S K, o, 2N S o #H IR B
BAMAE, Bo=4m/s H=50 cm.p=0.2 MPa i,
o WAEERE12em, Hv=4m/s H=50 cm p=
0.5 MPa Hﬁ,alﬁlﬁ%%jﬁ{ﬁZS em, Bo=1m/s H=
20 cm p =0. 8 MPa i, il Bl /ME o,,,, =2 cm, TE
H<30 cm B}, o, HBLFEIT 0 em AOIE 00, H X385 /42‘ ’ 0.6

o <po BODKER— S0, LA 2 WEAEL 40 A B 1 WA or 305 g

L. il
9 RESH=4K

4 Hig

()AL T, 20855 47 T
PR Mot R 5 R DL A1 (R® =0.99) , Bl 1640
A3 I ASEIADL 5 R 4R i, B R KUK ) 384 K, 4
BRI . AU A7 B AR R 537 A8 AU
HAKRT 3 m/s AT A1 O, HAU& P 2
BEIRT 0,95, BEWIHU B HOR BT

(2) AT DR 25 X TR A W73 A 40 A ] 400 2 75 S
SRR 2 BEANTR] AU B 14 SO 2

Fig.9 Three-dimensional cloud maps of scale parameters
RTUARIERERS . 35 1 (R DT SRR (IS 2 (.
DUBR S/ IMEAR tH BEAE AR IE 25 g 1 AR 25 1 g i
B, N 7ER KWAFE RS DL T, Sl 25 i AR
A R RRTURR A B D R B AR b g 2 9
K B SEAR A BE T AR 25 R Sy, 2R 1 (RN
55 2 MR A B AL (LB S E ) 22 AT H R
B, B IEAE XU | v B 1 T R B S 55 TR )
S ) , PR, 38 RS 25 T T ] LA/ oL BRAS

B, 51 AR 2 W (R HFE R (S8 o) #RIE
6 W25 e JEE AR XL A8 1 i 1 0, DORR 23 A S
OISR ZE T AT S0 46 1 I R TTAR
YL, (X5 2 VAL AT TC R

A3 BT R 231, PN W 23 A n] L2331 R B
2 THURS A (2 T PR AE R

(3) 55 1 W AR Al SR 2 Wi 23 A1 A D0 AU A
(DURREZ R k) AR S AT B, 2 BN A 23 A 1]

£ % x #t
(1] Bwes M R IBH], 45 WS BOR SBO0 55 U AR E RS2 [ )] AU A48, 2011,42(1) :59 - 63.

LU Xiaolan, FU Ximin, SONG Jianli, et al. Influence of spray operating parameters on spray drift[ J]. Transactions of the
Chinese Society for Agricultural Machinery,2011,42(1) :59 —63. (in Chinese)

(2]  RMEK UEIRIE, PME S, 55 XL AL IR0 KUk e g5 AL 55 DUAR A Z M [ 1] Rl TRE2% 4z ,2011,27 (1) 1153 - 159.
SONG Shuran, HONG Tiansheng, SUN Daozong, et al. Effect of fan power supply frequency on deposition of air-assisted sprayer
[J]. Transactions of the CSAE, 2011, 27(1) :153 —159. (in Chinese)

(3] SRER A%, T o, 45 JRGRE ey i BRISTAT I8 25 LIRS 2B RS B AR 52 [ 1/ OL . A LR# 41 ,2012,43 (12) 277 - 86.
ZHANG Tie, YANG Xuejun, YAN Herong, et al. Anti-drift technology of super-high clearance boom sprayer with air-assisted
system[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2012, 43 (12) ;77 - 86. http: // www. j-csam.
org/jesam/ ch/reader/ view_abstract. aspx? flag = 1 &file_no =20121215&journal_id = jesam. DOI;10. 6041/]. issn. 1000-1298.
2012.12.015. (in Chinese)

(4] FHZER IR, TR A2 M0 VU 3 AT R AR PID 282505 [ 1] HEENLIR T /22241 ,2018 ,36(5) 1454 — 460.

JING Xuedong, PAN Xiang, WANG Zetao. Attitude control of pesticide spraying quadrotor aircraft based on fuzzy PID[]J].



36 & ol HLoB cE 2020 4

Journal of Drainage and Trrigation Machinery Engineering,2018,36(5) :454 —460. (in Chinese)

[5] GRIESANG F,DECARO R A,SANTOS E S, et al. How much do adjuvant and nozzles models reduce the spraying drift? drift in
agricultural spraying[ J]. American Journal of Plant Sciences, 2017 ,8(11) ;2785 —2794.

[6] NUYTTENS D,ZWERTVAEGHER I K A, DEKEYSERD D. Spray drift assessment of different application techniques using a
drift test bench and comparison with other assessment methods[ J . Biosystems Engineering, 2016,154 ;14 - 24.

[7] ALVES G S, KRUGER G R,CUNHA J P A R, et al. Dicamba spray drift as influenced by wind speed and nozzle type[ J ]. Weed
Technology ,2017,31(5) ;1 - 8.

[8] QIN K, TANK H, WILSON S A, et al. Controlling droplet size distribution using oil emulsions in agricultural sprays[J].
Atomization and Sprays, 2010, 20(3) ;227 -239.

[9] AL HEIDARY M, DOUZALS J P, SINFORT C, et al. Influence of nozzle type, nozzle arrangement and side wind speed on
spray drift as measured in a wind tunnel[ C] //Proceedings International Conference of Agricultural Engineering, 2014.

[10] STAINIER C, DESTAIN M F, SCHIFFERS B, et al. Droplet size spectra and drift effect of two phenmedipham formulations
and four adjuvants mixtures[ J ]. Crop Protection, 2006, 25(12) ;1238 - 1243.

[11] SCm, 226, A bk, 2. AT JC AW AR A5 et 2 W6 1) 55 AL R 1k 2 AT SR 38 [0]. Rl TR 24412, 2016,32(20)
85 -93.

WEN Sheng, LAN Yubin, ZHANG Jiantao, et al. Analysis and experiment on atomization characteristics of ultra-low-volume
swirl nozzle for agricultural unmanned aviation vehicle[ J]. Transactions of the CSAE, 2016, 32(20) :85 -93. (in Chinese)

[12]  EaEEh (a7 iEds 2K 45, T HOERIRH AR MR 25 5 DU - i gt [ T]. Alk TRE=44) ,2019,35(9) .73 - 79.
WANG Zhichong, HE Xiongkui, LI Tian, et al. Evaluation method of pesticide droplet drift based on laser imaging[J].
Transactions of the CSAE, 2019,35(9) :73 —=79. (in Chinese)

[13]  RIEMH, SREE KROS5, RO XA AR 25 5 D S5 AWK I TERERITE [ ) ] Wi TR 27412, 2018,35(2) :361 —366.
ZHU Zhengyang, ZHANG Huichun, ZHENG Jiagiang, et al. Performance of an air-assisted spinning disc nozzle for bioligical
pesticide[ J]. Journal of Zhejiang A&F University, 2018,35(2) :361 —366. (in Chinese)

[14]  IRTESE, AR /N e 55 T 55T R/ (U K B R R 25 e gt EURR B2 [ 1], PR ROl ~# 4R, 2015,
28(5) :2056 -2062.

XU Dejin, XU Guangchun, XU Xiaolong, et al. Effect of application volume, droplet size, rice leaf incline angle and spray
adjuvant on pesticide deposition [ J]. Southwest China Journal of Agricultural Sciences, 2015, 28 (5):2056 — 2062. (in
Chinese)

[15] S0 HRAS, 2B, 2. FBESRE IR JO ABLIE AR T 00 25 RS RO SE I [ 1/ OL ). AW ML # 41,2018 ,49(8) : 127 - 137,

160.
WEN Sheng, HAN Jie, LAN Yubin, et al. Influence of wing tip vortex on drift of single rotor plant protection unmanned aerial
vehicle[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2018,49(8) ;127 —137,160. http: // www. j-
csam. org/jesam/ ch/reader/view _abstract. aspx? flag = 1&file _no = 20180815&journal _id = jesam. DOI. 10. 6041/j. issn.
1000-1298.2018.08.015. (in Chinese)

[16] SKEA RIEM, BmsE , &5, i Aol O BiG 1 A YR 25 R4 1] Mol Bl ,2018,54(10) 1116 - 124.
ZHANG Huichun, ZHU Zhengyang, ZHENG Jiagiang, et al. Research on biopesticide application system oriented to forest
disease and pest control[ J]. Scientia Silvae Sinicae,2018,54(10) :116 —124. (in Chinese)

[17] HILZ E, VERMEER A V P, LEERMAKERS F A M, et al. Spray drift; how emulsions influence the performance of
agricultural sprays produced through a conventional flat fan nozzle[ J]. Aspects of Applied Biology, 2012, 114,71 -78.

[18] Z=E 4Ry, i, BN IR N 55 MR =AU 518086 1/ 0L ). fOll HbiAAHR 2014 ,45(4) 103 - 109.

LI Hui, QI Lijun, WANG Pei. 3-D simulation for airflow field and droplets deposition of hanging cold sprayer [ J/OL ].
Transactions of the Chinese Society for Agricultural Machinery, 2014, 45(4) ;103 - 109. http: // www. j-csam. org/jcsam/ch/
reader/view_abstract. aspx? flag = 1&file_no =20140416&journal _id = jesam. DOI: 10. 6041/j. issn. 1000-1298. 2014. 04.
016. (in Chinese)

(191 AR, A PR T8 Sk (0 55 T B0 M 25 T RS PR [ ) ). v R Rk #2741, 2002,7 (2) 147 - 52.

QI Lijun, FU Zetian, GAO Zhenjiang. Spray pattern and drift potential of a spinning disk[ J]. Journal of China Agricultural
University, 2002,7(2) :47 —52. (in Chinese)

[20]  KaC RWF], fiThfEds 45, LBk S e th 22 s sl R e[ 1] R4, 2011 ,42(4) :66 - 69 ,75.

ZHANG Jing,SONG Jianli, HE Xiongkui, et al. Droplets movement characteristics in atomization process of flat fan nozzle[ J].
Transactions of the Chinese Society for Agricultural Machinery,2011,42(4) .66 —69,75. (in Chinese)

(21]  REEA,XDEAE, 5K, 45, B S WL S ALER[ T ] A AL, 2011,42(6) :63 - 69.

SONG Jianli,LIU Yajia, ZHANG Jing, et al. Drift mechanism of flat fan nozzle[ J]. Transactions of the Chinese Society for
Agricultural Machinery, 2011,42(6) :63 —=69. (in Chinese)
[22]  XIEE BEHE, SRIGEHE, 55, AN T SEO SRS AR s [ )/ OL ] ARV A4z, 2012 43 (F4T)) .67 - 72.

LIU Xuemei, YUAN Jin, ZHANG Xiaohui, et al. Effect of air-assisted spraying condition parameters on boom spray drift
characteristics[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2012,43 ( Supp. ) :67 - 72. htip: /



TR A5 LT R 9 XU 38 55 175 TURR 7 A A B T 52 37

(23]

[24]

[25]

[26]

(27]

[28]

www. j-csam. org/ jcsam/ ch/reader/view_abstract. aspx? flag = 1&file_no = 2012s14&journal _id = jesam. DOI: 10. 6041/].
issn. 1000-1298.2012. SO. 014. (in Chinese)

SEHE, XL, TRIGEHE , 4. %518 FAR U U2 25 i U R P S AMEE [ ] ARl TREA41,2013,29(14) 145 - 52.
YUAN Jin, LIU Xuemei, ZHANG Xiaohui, et al. Modeling and compensation for characteristic of droplet drift on air-assisted
boom spraying accounting for wind speeds[ J]. Transactions of the CSAE, 2013,29(14) :45 - 52. (in Chinese)

P, AT, 2R A AR XURI R R R T R B 2 RS R S [ )] AN T4, 2015,31(24) :39 —45.

YANG Zhou, NIU Mengmeng, LI Jun, at el. Influence of lateral wind and electrostatic voltage on spray drift of electrostatic
sprayer[ J |. Transactions of the CSAE, 2015,31(24) :39 —45. (in Chinese)

KA, DORR G, KRGS, 45, W25 RS S AT 06 A I AL [ ) ] kTR, 2015,31(3) 94 - 100.

ZHANG Huichun, DORR G, ZHENG Jiagiang, et al. Wind tunnel experiment and regression model for spray drift[J].
Transactions of the CSAE,2015,31(3) :94 —100. (in Chinese)

SRR MR, JA 2 A AWt R T 2 UM SIS [ )/ OL ). ALK F4f,2017 ,48(8) - 118 ~122.
ZHANG Huichun, ZHENG Jiagiang, ZHOU Hongping, et al. Droplet deposition distribution and off-target drift during pesticide
spraying operation[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2017,48 (8) :118 — 122, hitp: /
www. j-csam. org/jesam/ ch/reader/view_abstract. aspx? flag = 1&file_no =20170812&journal _id = jesam. DOI.10. 6041/].
issn. 1000-1298.2017.08.012. (in Chinese)

A RIS 2 A5 A 2 B N Kk BT S ALA AIFR] 5 [0 ] R0l TR 224 ,2013,29(4) 171 - 78.

LI Chao, ZHANG Xiaohui, JIANG Jianhui, et al. Development and experiment of riser air-blowing sprayer in vineyard[ ] ].
Transactions of the CSAE, 2013, 29(4) :71 —78. (in Chinese)

CLAUSET A, SHALIZI C R, NEWMAN M E J. Power-law distributions in empirical data[ J]. SIAM Review, 2009,51 ; 661 —
703.

[29] BBk, X047y, EEBAIGLHEOCRELT]. SRR FECA2 M A 15,2009,24(2) 166 - 174.

[30] EEsm. EETREBr.Om R RISEILMR[D]. ) 4 B T K27 ,2018.

(L#EFE 27 ])

[23] #A, BEHT, R, 5. s THEBOBELEAMERER G S m R A5 [ J/0L]. R AR, 2019, 50(9) .

[24]

[25]

[26]

(27]

[28]

(29]

[30]

[31]

96 - 104.

YANG Fengbo, XUE Xinyu, CAI Chen, et al. Atomization performance test and influence factors of aviation special centrifugal
nozzle[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2019, 50(9) : 96 —104. http: // www. j-csam.

org/jesam/ ch/reader/ view_abstract. aspx? file_no =20190911&flag = 1&journal _id = jesam. DOI: 10. 6041/j. issn. 1000-
1298.2019.09.011. (in Chinese)

BRKIE, £5F, B, 55 PWM B EBISEBELRERAL)/OL]. RV, 2012, 43(4) : 40 -44.

ZHAI Changyuan, WANG Xiu, MI Yarong, et al. Nozzle flow model of PWM variable-rate spraying| J/OL]. Transactions of
the Chinese Society for Agricultural Machinery, 2012, 43 (4): 40 —44. http: / www. j-csam. org/jcsam/ch/reader/view _
abstract. aspx? file_no = 20120409&flag = 1&journal _id = jesam. DOI. 10. 6041/]. issn. 1000-1298. 2012. 04. 009. (in
Chinese)

M, HE, B RO PIBLIR G R[], AR, 2016, 37(6): 1 -9.

LAN Yubin, PENG Jin, JIN Ji. Research status and development of pesticide spraying droplet size[ J]. Journal of South China
Agricultural University, 2016, 37(6) : 1 —9. (in Chinese)

CZACZYK Z. Influence of air flow dynamics on droplet size in conditions of air-assisted sprayers[ J]. Atomization and Sprays,
2012, 22(4) . 275 -282.

i, &, RS, L WS 2T BER I 1 % R VEREIR R [ 1], Al TSR, 2014, 30(3) : 50 - 55.

RU Yu, JIN Lan, ZHOU Hongping, et al. Performance experiment of rotary hydraulic atomizing nozzle foe aerial spraying
application[ J]. Transactions of the CSAE, 2014, 30(3): 50 =55. (in Chinese)

SREAE, Mmag, R, 4F FOESEYIAR G E A TEREIAE [ J]. Al TAAHE, 2013, 29(4) : 63 -70,295.

ZHANG Huichun, ZHENG Jiagiang, ZHOU Hongping, et al. Performance experiments of rotary cage atomizer for biological
pesticide application[ J|. Transactions of the CSAE, 2013, 29(4) : 63 —70,295. (in Chinese)

ZEME, S R S BRI M. 3 M. dbET Ak Tl R, 2017,

ROSSEVINE A N, OSCAR K, MEWATI A. Integrating program and algorithm visualisation for learning data structure
implementation[ J]. Egyptian Informatics Journal, 2019, 20(3) : 193 -204.

QIU Weiwei, XIONG Zhihua, ZHANG Jie, et al. Integrated predictive iterative learning control based on updating reference
trajectory for point-to-point tracking[ J]. Journal of Process Control, 2020, 85. 41 -51.



