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Design and experiment of an air—atomized, air—assisted and electrostatic
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Abstract : [ Objective ] For solving the problems of large labor intensity, poor work quality and pesticide
drift of plant protection in grape production areas of our country, improving the orchard mechanization lev-
el and combining with the research status of anti—drift spray technology by domestic and foreign scientists.
[ Methods ] The mechanical design theory and methods were applied and an air—atomized, air—assisted and
electrostatic vineyard sprayer was developed in view of the characteristics of standardization vineyard in
China, and the vineyard sprayer took the four—wheel tractors and crawler tractors as power and it was con-
nected to tractors by the traction mechanism. The power was transferred to the rear components by the
rear power output shaft and the universal joint shaft and the rear components such as the compressor, pis-

ton pump and fan were started. The main parts of the compressor, piston pump and fan and other compo-
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nents were fixed on the frame by the steady. The vineyard sprayer was made up of the air—atomized sys-
tem, the air—assisted system and the electrostatic system. The compressor and the atomization nozzles
were the core components of the air—atomized system. The compressor was selected in the light of the
spray volume of the nozzles. The atomization nozzles were designed in accordance with the principle of air
atomization. The air—assisted system was composed of the fan and the fan was chosen by the air flow and
pressure. The number and size of the air outlets were determined by the different cultivation patterns of
grapes. The electrostatic system was composed of the electrostatic generators and electromagnetic valves
and its power was supplied by the battery of tractors. The charging way of the electrostatic system was con-
tact charging and the high—voltage electrodes were connected directly to the atomization nozzles. The elec-
trostatic generators were chosen because of the advantages which was that low—voltage power was required
and the high—voltage static electricity was generated. According to the different structures of the grape
trees, the vineyard sprayer could also spray partially and independently by controlling the different spray
switches and could prevent the waste and pollution of pesticides. The spray capacity of nozzles was tested
in the conditions of the different pressures. The droplets sizes were also tested when the air—assisted sys-
tem was started and closed. The droplets sizes included the volume median diameter (VMD) of droplets
and the number middle diameter (NMD) of droplets. The diffusion ratio (DR) was calculated by the VMD
and the NMD. According to the NY/T 992—2006 “air—assisted orchard sprayer operating quality”, the
field experiment was carried out in the conditions of trellis, espalier and V form cultivation and a work
speed of 1.5 m+s™".[ Results ] The 9-195A type centrifugal fan was chosen, and the number of the air out-
lets was determined to be 13 and the size of the air outlets was determined to be 20 mmX80 mm. The
HX7.5 type compressor and the BSD50-1218 type electrostatic generators were selected, and the atomiza-
tion nozzles of the patent number “2012 2 0330431.0” were designed and authorized. The VMD of the
droplets was 110 pm, the NMD of the droplets was 80 pwm and the DR was 0.73 when air—assisted system
was closed. The VMD of the droplets was 72 pm, the NMD of the droplets was 60 pm and the DR of the
droplets was 0.83 when the air—assisted system was started. The VMD and NMD of droplets were reduced
with the help of the air—assisted system and the DR had an increase of 13.7%. The average adhesion rates
of droplets in leaves on positive and negative sides outside the trees reached respectively 35.4% and
89.4% , 92.0% and 44.0%, 86.1% and 34.4%, and the average adhesion rates of droplets in leaves on pos-
itive and negative sides inside the trees reached respectively 27.5% and 71.0%, 86.1% and 34.4%,
72.7% and 31.1%, when the electrostatic system was opened in the conditions of trellis, espalier and V
form cultivation. The average adhesion rates of droplets in leaves on positive and negative sides outside
the trees reached respectively 30.8% and 76.9%, 82.0% and 40.0%, 82.9% and 36.8%, and the average
adhesion rates of droplets in leaves on positive and negative sides inside the trees reached respectively
25.0% and 65.4%, 80.6% and 32.1%, 67.7% and 29.6% when the electrostatic system was turned off in
the conditions of the trellis, espalier and V form cultivation. The average adhesion rates of droplets were
increased respectively 14.9%, 16.3%, 10.0%, 8.6% and 12.2%,10.0%, 6.8%, 7.3% and 9.4%, 12.5%,
7.4%, 5.1%. The electrostatic system increased the adhesion rates of droplets. [ Conclusion ] The combined
technology of three spray technologies which included the air—atomized spray, air—assisted spray and elec-
trostatic spray was used by the orchard sprayer and the orchard sprayer had the good atomization effect, re-
duced the sizes of droplets, enhanced the penetration of droplets, and improved the adsorption capacity of
droplets.

Key words: Orchard; Air-atomized; Air—assisted spray; Electrostatic spray; Sprayer



5 93]

TR A SRR AR R R R S AL IR 5 1163

FEPRAE M 2 A 2 A ™ rh ) B AT 22— HofT
A A 2 DA . BT, FRE A SR FE L
WAL S AT Ak TR 28 B B AR MV SRR 7l BRAR
b e ryIa )R K™, K ER 4342 7 X AT AR LA Ty A
PRAEY Ry F25, AN S5 Bl B2 R ARl Bt 22 i H 25
T 2 IR, 1T 25 T RS S 38 AR 25 1 3 1) F2m Aa
Z—W0 TE R IR E G, B R AR 24 1)k A UK [R]
R, R A A B B E 25 B i UG P
% « E SIS RE I 55 I I 25 S RO, P DLl
Bl =C7 S 25 H AR d5c Ry AT, Delele 21 IFSE T
SR fr] X6 M 25 B P8 e il V1 SRR 235 S R e
S AR RO, S Rk 25 HILXIL B
PO T HS 574 . Endalew 28" 2 37 T XUk Sl
M55 2% WL % CFD (computational fluid dynamics )15
Y T TR R B RS, AW AL R 2
A PR T AR FRERME TAEE WX <
iy 10 =X 7 B 55 F3 AR TN i v W 55 R AR AR 1 AH S AT
98, E A AT T R 2 L AT 25 1
HEAT 55T BT, BT 9 3R B XU 5 i R RE A8 ik />
T T RS | T 22120 A7 H, 2 5 1 L BROR FH PRI AR
HAE RN, rfF e H iR L TR, a2k PERE SRR
o TREAFEN U TE KUK F L 55 RGEHEAT Tk
URASY , 25 R IaCRE B3k 0.2 m Ak Y 55 Ik i ot

AT 35 1.08 mC-kg™, 25 AT R AT 4 m, ZKBIAR
0.5~4.0 m AT 345 BRARAY IE S i 25 i Ui . B9 1
IR AR TR 8 25 B TE Sk i T — A4
JR N AT H B O 4 A KU S R AT 55 R
4t I as R, KAEE T e 8 o038 25 i 75 45 ek
JE TR S A 24531 | i F AR FH R A8 A0 25 A ek
J2 T TR G A Y SV DL S TRRRICR,

B A X 3R A o A A el R A R T —
T S A RGR AR R R S5 L F AT T RERILIR)
HERGG . MR PR A PR ZE A A TR], e T 40 Bt
A7 255, RSB T AN T A e Sk i3 55
T A MG B0 KWL T 1955 1% RF LA T I i
K R G T 15T %

1 AL 5 AR

AL AP 1R XL 2 R AL A
il FL R I e e i e AR ZE AL 2GR WSk LR AT
FERE AL, i A2 5 | S R 4, 3 ) th ¥
FEHLIE B0 3t Al 7 1) % sl g it . AL shAf )
iy ANl 55 e Y R, 2207 1) A sl i BBLE.
Ja 7 e , BT 82 SR HL AL ZEAR FXHL T
Yo 2 SURGRPL AL ZEARBILAGE L IR F2 A5 5y
SRR EHEAENLE I EEHORS B 1.

L RBLEMTE s 2. KL 5 3. BB B4 5 4. XULBK 4N 3 5. KULBK S KAty 48 5 6. FEZERE 7. 28 SURSRHL ;8. & URSRHLAR S et 41 9. A1
B30 SCHERE 5 1L SRR 12, A5 30kl s 13, F 3040 5 14, AR 5 15, 425148 16. 2590517, WALAE /R 4% 518 Tk 1715 19. il HURE R 5 20. b &

A 21, sk

1. Fan covering; 2. Fan impeller; 3. Driving shaft; 4. Shaft seat; 5. Belt wheel; 6. Piston pump; 7. Compressor;8. Belt wheel; 9. Frame; 10. Wheel; 11.

Wheel shaft; 12. Transmission shaft; 13. Gearbox; 14. Coupling;15. Traction frame; 16. Spray tank; 17. Level indicator; 18. Injection port; 19. Control-

ling electromagnetic valve;20. Electrostatic generator; 21. Nozzle.
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Fig. 1 Overall structure and prototype of the air-atomized, air—assisted and electrostatic orchard sprayer
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Table 1 Main work parameters of the machine
£ % Name

HMERGE (KxFixii)
Dimensions (lengthxwidthxheight )/

ZB( Parameters

2 350x1 4201 450

(mmXmmxmm )

BLA25) /1 Matching power/kW 22~45

LTt Machine quality/kg 600

PRV IEE Work speed/(km+h™) 4~8

IR Volume of medicine chest/L 1 000

KHIEF Fan form B LR Centrifugal fan

KBLEE % Fan speed/(r-min™)

I 2% & Spray volume/(L+min™")

0~2 800

0~4 (TR Liquid)
0~12(544K Gas)

3% Nozzle number 13

Wi 3K Spray form L5 Sector spraying
L S A e R 12

Voltage of electrostatic generator/V

2 URAHLAE 10.5

Displacement of air compressor/(m*+h™")

AL R Flow of drug pump/(L-min™) 0~60

2 REERFR BT
2.1 SREH RS
21,1 REey A Ui YA R A S e
P R W 25 AL L ) A 25T A, I BB R R
FF 58 4 B e KLRT 5 B2 R A0 25 18] BT A 25 14 4350
255 T LA IR S AL R o R L e i 2
A B A A IR
Q>2VHLK (1)
A, Q AWML R, m®; V WSS LR, A%
HLHC L5 mes™ s H A4 3 S, 1.0~2.0 m LA
AL A AR B B, 15.0~25.0 em; K AR
F14) 6 RV 2% ) 0 2R 0 ) ZR B, 1.1~1.2, AR HILAR
EN 1L, K& SHH AN (1)1 Q M 0.495~
1.650 m*-s™' . IR B4 LS B, QK
1.0m*-s"'=3600m’-h",
212 WUERegHE RKMLE 2 AL 3 i 2 Fnig
FEAB T #5883 2 A 4 Sy 350 1 ) 4 2 T EE 8 T )
Wk GZHLZI AT A AR T .

p=pv/2 (2)
p=Spv2 (3)
p:p‘| + pj (4)

A, p BB, Pa; p M BIERUK , Pa; p A R
JEIIPR , Pasp I RKAE L, 1.29 kg-m™; VR HE FTXL

HELI50 mes™s & R RRRRE ) AR L3, S,
pi=1 612.5 Pa,p= 2 096.25 Pa, p=3 708.75 Pa, X
B0 KB R FUXU B 350250, 9- 195 A 5.0 KL
F XA 3 834 m®+h™ XU K 5 000 Pa, i e 15T
213 HBReHERRTOHE N TIEN AT
AR SR, 0 VRS HLAY XU R 134, Horp
[ RS R 1 %315 R P W RN 1752 = R/ W
T

S=Q/V (5)

Ao, SO H R BT AR, m? 5 Q i UMLK A,
1.0 m’ s VoA FRGE , BLSO mes™ fRAARIEFS A
0.02 m’, U EAA 1 XU E TETRRCA 0.02 m”/13=0.001 5 m’,
2 R HLZERAT B AU RSE R 20 mmx80 mm.,
22 SHAZEKRZERIEIT

S[ANBZHRGIRZ OIS, f1 2
SIEGEDL
2.2.1 "Rskegikat APLR AR SRS IR
T Bk BB 55 mE sk (& RS o ZL 2012 2
0330431.0) , < AT, UA B FEmE B AR . A
WSk AE ) 2 MPa B, ik i KE%5 5 4 Lemin™', ffi
I — B4 22 0~2 Lomin™ o Wik &5 ULIE 2,

L 2GR 5 20 253 Pl B IR 5 3. 24 YRRt v s e R e
WR s 4. 2GR PR BT ; 5. U5 6. M RRIfAC; 7. UM R
BT AR 5 8. AP UAE e 42 T IR0 e T M 9. AU b 5 10,
R 5 11 IR IR 5 12, TRG N

1. Liquid entrance; 2. Liquid flow control valve seat; 3. Cap of liquid
flow control valve seat; 4. Liquid flow control valve; 5. Gas entrance; 6.
Valve; 7. Gas flow control valve seat; 8. Cap of gas flow control valve
seat; 9. Liquid flow control valve; 10. Liquid nozzle; 11. Cap of mixing

nozzle; 12. Mixing nozzle.

2 BESKEEHE

Fig. 2 The structure of nozzle
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1. Electrostatic generator; 2. Right spray switch; 3. Middle spray switch; 4. Left spray switch; 5. Electrostatic generator switch; 6. Controller; 7.

Ground terminal; 8. Left spray electromagnetic valve; 9. Middle spray electromagnetic valve; 10. Right spray electromagnetic valve.

B3 BHERGKRFELERTY

Fig. 3 The electrostatic system and electrostatic generator
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Table 2 The sprayed capacity of the different pressures

i e

ol LES s

Pressures/ Sore | /(Lemin)

MPa pray volume min

0.2 1.00 0.96 0.96 0.98 1.00 0.94 0.93 0.97 0.96 0.98
0.3 1.16 1.20 1.21 1.24 1.22 1.23 1.16 1.18 1.22 1.20
0.4 1.28 1.32 1.32 1.30 1.36 1.33 1.34 1.28 1.30 1.35

32 ERRSTHNE

P HL L DR 2 A 5 5% 55 ML55 A0 M RE 4F IR 1Y 4
bro DRAEMEEZIT |, FR 55 i R AR B4 5], — i
AN DRAETE 0.67~1 B b3 %) . DRIAHZ A5 (6)
A,

DR=NMD/VMD (6)

Ao, NMD S8 A%, RICKE 550 T 85 &
SR A5 TR 40 1) 25 T ELAS , wm; VMD SR AR R A
RIVRs S5 B H AR R (AR ) 0 BUAH 55 0 43 8 2577 L
1z, prmo

B L ARFALI (ARFR LGSR 1:3) Ay 3537 1L
VE R AR AR SR 5500 , 0 250 B AR . kg rh
B REFE LI B 7R 5L 0.4 m Ab 7K P-4 85 i ) 251X
WCAR 250 , SR 5 D 1 25 i AR I R B . ik
IS AR T R G R 2R 40 540 T 1 25T -
AT TXT . M 25 R AN 3 Frow , M R Z R 4
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i, VMD 24 72 pm, NMD 4 60 pum, f1 2 (6) 7] 41 DR
J90.83; 24 KM% R G, VMD 24 110 um, NMD
80 wm, DR 4 0.73, Ut Xk RGe4e i 1 55 44
Mo [IIFES & 1 4 a0, 250 BB RO AR 8
KRS 55 I BLARAE 70 pom DA, B 5.0 XUAILEY
TIRGECRIIE .
x3 FRMXARVBIZHR T
Table 3 The droplet sizes of opening and closing the fan

KHUIRZS Fan condition VMD/pm NMD/pm DR
FFI AL Starting the fan 72 60 0.83
KA XML Closing the fan 110 80 0.73

FFJE ML Starting the fan

AR Closing the fan

B4 FRMXARVEEHRRL
Fig. 4 The droplet photos of starting and closing the fan
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4.1 RIEEE

FEAIL Y 55 1% B 4 2 00 52 1058 T 201547 1 13
H 7 i E AL Bl 7 BRI T A A A% o B AR S
IR PE HEAT o R IE AL < AR G A A R AT IR
0.7 mx4.0 m, WA i35 J5 B2 R B2 43 53114 0.4 m il
3.5 m; VAL AUR R H A RRITHE 0.7 mx3.5 m, B4t
FOERE R AR 00 0.4 m Fl 1.4 m, I3 5 Hi TR 2
A5MURHA 3 B AR G M A R TIE 0.7 mx3.5 m, WA
2 JE R B0 R 0.4 m Al 1.4 mo BOESH TN
40 kW JEAHFHE L
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F144.0% , )2 1E ST R) 2530 - 1B %43 5]
9 86.1%H1 34.4% ; & WA T ANZ M Fr 1E S A 25
- IR 5 23 91K 90.7% F1 41.4% , N )2 1 1F
SN 25 T T34 3G 3203 3 72.7% 1 31.1%; TG
P L R SRR IR AR SN2 M 7 IE T ) 553 T
HIM & R0 5 30.8% F176.9% , N2 Fr IE 2 I
1) 55 1% - X5 B 25 2R 43301 A 25.0% 1 65.4% ., V BIHE

F B A E R IE L ST ) 553 OF- 35 B R 430k
82.0%F140.0% , M = F 1E | 2 11 9 253 -3 i
RAMH 80.6%M132.1% ., EHRETINEM HIE
T 1) 5511 T 25 B 2353 311K 82.9% 11 36.8% , N =i
JIE R Y 250 S 3 B R4 B 67.7% F
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Fig. 5 The field experiment
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Table 4 The adhesion rates of droplets of opening the electrostatic system
%
J2WK I BAUR RS Espalier form cultivation V BRI V form cultivation AR 5% Trellis form cultivation
Arrgement Location EUp  H Middle F Down EUp " Middle TFDown Z Left " Middle #5 Right
HIMNZ Outside  I1ETH Positive side 85.5 93.9 92.7 92.4 92.6 91.0 33.1 36.7 36.3
T Negative side 40.3 43.0 40.8 41.2 44.8 45.9 87.8 91.9 88.5
P JZ Inside 1EIfT Positive side 71.9 73.5 72.8 85.5 88.0 84.8 26.5 28.7 27.2
T Negative side 31.8 30.6 31.0 32.8 35.8 34.6 70.2 72.0 70.9
x5 XNBEREHTHMEE
Table 5 The adhesion rates of droplets of closing the electrostatic system
%
J2R 51 & BRGNS Espalier form cultivation VISR EL V form cultivation 2RSS Trellis form cultivation
Arrgement Location FUp " Middle T Down F Up 1 Middle F Down 7cLeft T Middle 457 Right
H1Z Outside  IE[H Positive side 82.5 81.8 84.4 81.1 82.3 82.5 29.8 31.5 31.1
1 Negative side 35.7 37.9 36.8 37.8 41.1 41.2 77.4 76.3 77.0
N2 Inside 1ETH Positive side 66.9 67.7 68.6 80.1 80.3 81.4 23.0 24.4 27.7
T Negative side 29.8 30.0 29.0 31.2 33.3 31.7 65.2 66.0 64.9

29.6% . JFJE i RGEMEMNAL |V BUHE B AR A
HANEMFIE SRR 20 R IE R T 253
W% 20 B 5 T 14.9% . 16.3% . 10.0% . 8.6% ,
12.2% . 10.0% . 6.8% . 7.3% F1 9.4% , 12.5% . 7.4% .
5.1% , VLB R G4 0B 1k T 55T R | 42 &
TSR

5 1F i

R B o AT A 2 el 1 A AR, B T —Fb
SN BACR K 2R B L VR AL, A Ui T %450
FEARAE L 55 B3 B K AR T i 25 557 2 RS 1 7]
R K R SO IRk X A TR SR 25 AL R B A
N, G 5T A TP AR R 81.6 wm, IR
111.6 wm, 5574 45 B DRAE A 0.731; T RGX I, 25
TEGE A28 108.5 wm, ARFLF4E 4 169.3 wm, DR
{80.641, DRIGFZE T 14%., 2E3F FH/K )00 22 1)
FE T MRS G5 5K, TF A WGk R G0, 553
KA N 72 wm, 55 3% B0E AR 60 wm, S E T
L DR 4 0.83, 17 24 S A A% R GE i, 25 R FR
2R 110 pm, 55 B0 42 80 wm, S5 7% 7 HL L
DR 5 0.73, DRIZE T 13.7%., EHVHHITRENL S
ik ST 9 25 SR — 3K, BRI X% R SE &AL
ROR I, ZETR AR /N LY A1 PER8 N, T 25- 5 1)
ST ek 8 25 A AT 5% 245 SR T /0N JBE PR A 485 - Bk XL
ML ARSI, EERH TR FR G RMER =
FEARAIL™ A= 1) 55 1R 23 AR Sk 1) SR s o8 1A 7R
FAb , KRKAETE THLE A AR s i R 55

AT HL 7 Ao 3 i, B R T R SN T H R ik
FEHL ARTREHLR A FE L 7 AR e, B
R HL M B e 2 4 SRk b, ORI MR M 2 B
BT AT AR 2 AR, 7= A L3, LSS
e 28 7 = S O T 2 S 70|
F5E 1 70 L 7 R B AN ], D DR A1 485 1 5 i 7 FRL AL
RMHFRRZ, AR HARNGE R H R 5% B
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