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Pulsed Corona Charging Characteristics of Aqueous Pesticide Spray
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pesticides as aqueous-base sprays are dispensed for protection of food crops from pests into

farm fields. When dispensed with conventional nozzles, a large portion of the spray is often lost by airborne drifts of
droplets away and lack of deposition onto the plants due to rapid gravitational settling of droplets to the soil beneath.
And target deposition efficiencies poorer than 20% are often encountered in agricultural pesticides. An electrostatic
spraying technology offers a very favorable means to increasing pesticides droplets deposition onto biological surfaces of
living crops. In this paper a corona type spray nozzle, utilizing a set of corona charging devices and a pulsed
droplet-charging voltage applied, has been proposed and tested its potential experimentally. As a result, it exhbits a
large current deposition of aqueous pesticide sprays on the sensing target, which, however, promise to be as one of the

effective electrostatic spraying nozzle.
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(@) schematic of pulsed corona charging device
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{b) photo of pulsed corona charging device

Al air inlet

CE : corona electrode

GB : gap-spacing control bolt
HT : high volt terminal

IC : insulator cylinder

IE : induction electrode

Il : inner insulating cover
IO : ion outlet
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Fig. 1 Schematic and photo of corona charging device
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Fig. 3 Schematic of pulsed corona type spray nozzle
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Fig. 4 Experimental setup of pulsed corona sprayer
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Fig. 5 Size distribution of spraying droplets

Y 55 o9 e B adE Yy, xE 2R
ol Adry Z+z+ 25, 50, 100, & 1, 150 cmZ F7HgHe] wt
#F %% 2R AHF4AZ(volume median diameter,
VMD)& Z+7z} 78, 89, 110, 140 pymoe = & YRS =
He Ag welzd.

Q,=6neoEa’ = kya® (4)
m=(4/3)7a* = k,a’ ()
Qplm=kylkna G}
Q=1 at @)
m=Q, [ at (8)
Q/m=1,/Q, @



8 @D~ BANHE 945 DAXQ)F v
W@ me #4122 Ushd Aelti[5] 4714 B 2
A7, me AAe AR, F VFHVASF, ab A
Aelth E®, $Fdo] xFolA WHHo 27 o BF
91 Q, m, IAL @/me FARAY L2 deyE
4 (M~@ Dok orlH, o FHET YA WY,
te A A7, LE 39 49 AR gAATA HEE ¥

AEH, & B BE HPolT

I
>

P =20 kyen.d, = 30 mm, Z= 145 mm,
w=20mm,r=3.0mm, Q,=0LPM,N=1ea

fed
«

—O— X=-20mm
~— X=-10mm
- X=  Omm

o
=

—O— X=+10mm
-0— X=+20mm

Ll
©w

fod
~

e

Mean Deposition Current, 1, [,Al

o
©

00 05 10 15 20 25 30 3‘,5 4‘.0 4‘.5 50
Applied Voltage, v [kV]

(@) I;-~v characteristics at various X

06

P =20 kgfont’ d, = 30 mm, Z = 14.5 mm,
054{ w=20mmr=30mm Q,=0LPM N=1ea

0.4

03

021

01

Mean Deposition Current, 1 ; [,,A]

00 T ™ T u v
-3 -2 -1 0 1 2 3

Corona Need!e Length, X {mm]
(b) I;-X characteristic

O8 6 WHS3 HZole Hatof we AMHFE,
Fig. 6 Characteristics of deposition current at different
corona gap spacings.

a9 6 (€ I2v stAizly 3d JdX)E &=
AT AgogRy -20, -1.0, 0, +1.0, +2.0 mmZ ¥ Z

W, 2% 49 AAAFAAN SAHT AAARFE A A
oltt, ¥ 6 (b U hActe]l 45 kv Wl X9 W3 g3
agzeltt, 2RV sHaAe] $d AHort fEATA
el Rz Eorld HAdAFE AdHoxw Folx
FEATHAGNA grE Yo HHAAFE Ftele AL
HojZErh X=+20 mm¥ "E @& 32 AAANY 15
k)3 22 FARFO052A)E 9L & 988 B
g8y X = -20 mmY #@E 22U QA AYE 49 =

o

i3
1>
2l
]
I
L2
24}
0
Ed
10
o
i)
fn
4o
Eed
2
Jm
0z

Trans. KIEE. Vol, 52C, No. 9, SEP. 2003

3 (¢ 30 kKV), 22U FHE W& 3020 zA)E UEhy
Atk wWepd, HAAY dole §EATY FFoz Yok
Aol Fou, wory B4 da 22y Ho] ¥4 =7 4
A ol TR 2A G2 ARl FASF AT

=4
o

< .
-3 P =20 kg/on? d; = 30 mm, 2= 14.5 mm,
"% 051 w=20mmX=+20mm,Q,=0LPM,N=1ea - -
_ . i .
04 - r=30mm
5 =O— 1=40mm
&= —O-r=50mm
3 03]
s
£
‘2 02
£
g 04
=
00 . v . .
00 05 10 15 20 25 30 35 40 45 50
Applied Voltage, v [kV]
(@) I;-v characteristics at various r
06
<
=
— 05
—
E’ 04
S oa4 : _
g P =20 kg/erdy = 30 mm, Z = 14.5 mn,
.g 02 { W=20mM X =+20mm,Q =0LPM, N=1ea
g . .
:
g [+8] .
=
00 —

25 30 a5 40 45 50 55 60
inner Diameter of Induction Electrode, r [mm]

b
o

{b) I,-r characteristic

ag 7 2L sidaXte] YUY HHeld oe FX
HFgkel Hat

Fig. 7 I,-r characteristics as a function of inner diam
of induction electrode.

g 7& 22Y stdaze ro] Zzt 30, 40, 5.0 mm¥
s} X7b +20 mm¥ o AADF) 22aE F AR
£ Ued Relth. zm2uy std2xte] WiiEe] st
g ARAFFY WHste i Ho|& HolAT, ro] 30
mm, X7} + 20 mmQ 99 45 kVe) B2ALE A7t e
W 055 A2 AAAFF] 71 2SS ¢ F YH olE T
o] A&4E FY AYolA FADY FAS FoIA] HE
o Y, ARY a8z IR Y AL EAR
H& 2 s QAL ZAZ YA "o

2% 8¢ wg 10, 20 mm, X& +20, +1.0 mmE B3

e W PAAIe] E2ee VHARE Yehd Ro2 w
7 10 mmETHE 20 mmEo] & W WF e AL
+ A ole wib 2W B Avy WAYNFI} Ao

391



BABRSIRNE 52CH 9% 2003% 98

2 gobdA ¢ a3 dAE 2 $AE 923 £ 9
o4, 893 F24 0e A St AL dART ¥7
CEER-ZEREES LA

o
@

P = 20 kg/ont 4, = 30 e, Z= 4.5 mm, 1 = 3.0 mm
s @ E0LPMNTTea

o
@«

] =t w=10mm X=+20mm

—— w=20mm X=+20nm |

—0- w=10mm X=+10mm
O~ w=20mm, X=+1.0mm

o
a

[
w

<]
N

Mean Deposition Current, I [pAl
o

—r

00 05 10 15 ZTO 2.'5 30 35 4?0 45 50
Applied Voltage, v [kV]
O" 8 HEMIe En & Zole viste] utg AXHRY
o] w3}
Fig. 8. I,~v characteristics as a function of width and
length of corona charging device.

o
3

P =20 kg/anf dy = 30 mm, r=3.0 mm,
* We20mm X=+20mm Q,=0LPM N=téa -

=3
o

[
=

—4— Z1=60mm
—9— Z2=145mm
~0- Z3=260mm
-0 ZA=34.0mm

o
w

o
N

od
3

Mean Deposition Current, I ["A]

o
o

% T T T T

00 05 10 15 20 25 30 35 40 45 50
Applied Voltage, v [kV]

(a) I,-v characteristics at various Z

o
-3

P =20 kg/e?'dy = 30 mm, £ =3.0 mm,
w=20mm X=+20mm Q =0LPM N=1éa

=
o

(4
>

ol
w

o

Mean Deposition Current, 1 IP-A]

Q é 1‘0 15 2‘0 25 30 3:5 40
Charging Device Distance from Nozzle, Z[mm]
(b) deposition current as a function of distance of corona
charging device

33 9 2= SITMAKL AR oE MR
of 5t

Fig. 9 I,-Z characteristics as a function of distance of
corona charging device.

392

a9 95 X8 + 20 mmZ DAL o T2 gAAL
A7 =& EEWIEH Sz RAHE YXN(DE 6,
145, 26 mm, Z(w)= 20 mm IAHARE ¥ HAAZ &
gt AAARE Ul RoZ, 77 AR} wet Fs)
o Z = 145 mmolA Ad & 2gFY, 727 o8 Fo1s
A #AdE RS BAFET o] w9 Fode] EYPF
(orifice)oll Al 5 & o WA HdFd(column)oz HEH
3, o] AF7} A B (spray)o 2 BAHA drt maka
Ao BF2 B FAF PN EFE sd Al A

o] EFHoln HA Z = 145 mme HE o] $xjo]},

06
= P=20kglom? d, =30 mm, Z= 145 mm, r=30mm .
2051 ‘w=20mmX=+20mmN=1ea * = - - -
e
< 04 - Q=0 LPM
s - Q=2LPM
E -0~ Q=4 LPM
8 os -O- Q=6 LPM
=]
=3
=
§. 024
X
g o
00
00 05 10 45 20 25 30 35 40 45 50
Applied Voltage, v [kV]
(a) I,-v characteristics at various Qa
06
<z .
=2 P=20)g/artd, =30mm, Z=145mm, r=30mm .
2051  w=20mmX=+20mmN=1ea = - -
3 o3
=
=]
s
§- 021
2 01
g ),
=
00

T T T
2 4 6 8

Applied Bombe Air, Q, [LPM]

©

(b} I,-v characteristics

H

fim
o

O 10 IR SNMaXte] 7 7Y FEl wE
3 5}

Fig. 10 Characteristics of deposition with and without carrier
air input

238 102 Z2Y ALK 93 $F7]8§ BXEod o
2371 (Qa)s 19 19 ¥7) YHADE T39 ZA=E F
AN 2 §FE Q, 2 4, 6 LPMo 2 HIAHL we
AFRHFEAS JEd RAolth ARIIIE FUARLEA
AR AFFL Z7hsto] 45 kVY B¢l F7) 9 FEkol
6 LPMY o HoA 042 pAe] FAAFE d& F U
Bo Fr} o)gt Fo] ARIFNE ZAZ FYARLEA
ol Ee BEEL d8A v, =8 YHMY FES A=
AA FHAAFE 8dozA ddHez & AAEALGE



FxANReE AUHoE B AWAF & A &
w2 ol .
30 240
z P r 20 kglofd, £ 30 M, 2= 145 mm,r=30mn 'mg
A 254 w=20mmX=+20mm Q=0LPM : T 200
= . : L1 =
T 20] | B N=de L E
£ e -1402
S 15 -120’5
é b 100
I N Lo
5 By
§ os Lo &
= b20 g
0.0 T T s T T T T T T 0
00 05 10 15 20 25 30 35 40 45 50
Applied Voltage, v [kV]
(a) I,-v characteristics at various N
30 240
= P=20 kg4, =30 mm, Z= 145mm, r=30mm mg’
225 w=20mn X=+20m00,Q,=0LPM [ 200
° ) L o0
T o20] |o-vessw| L1e0 B
: [ w®
G 151 -1205
_§ L 100
'§ 101 | s0 é
,& -t
§ os o B
= k20 g
0.0 T T T T 1]
0 1 2 3 4 5
Charging Device Number, N[ea]
{b) I,-N characteristic
I 11 REL SIMM XL o ojst AT FEL
i et
Fic. 11 I,-N characteristics as a function of number of
corona charging device installed
a1y 118 Z2y A }—4 AFMNE W3 ARE 9
o FAAFEANE YEhd Aelth X& 20 mm, ZF 145
mnZ 2AHE W N& 1, 2 4 A2 A N7IEs 5 o
2 pRaUe W AWURE 27 Aotk 40 kv
AGS A E A N=170Y o 0454 N=2 714 9
09) m, 4 ANY W 22 uA( Q/m= 182 uClkg)EN Htie]
AAHNFE 98 5 YA N =49 A+ N=24 ¢ &
& I,% JehiE A& No| BolRoz o &FFo] Wold
A FEATOE TZolesst o BolAW tEol oleF

[8lel 213 wd AHFY PBxaHst
AF7 w2 Anagn AsE0

28 12% stAAFA niAe Ao wge HHzEAE
& Hed HAoe=, Z 2.0

z=y}gtow Q8] T4

’

145 mm, w =
474, Qa =6

st Ao HWAFGS5 pA) B FH e M sE280 uC/
ke UERd Aoz 3z SAY BRAARAzAE

mry, X = 20 mm, N =

He 32U HEAY SARP GHSY

Trans. KIEE. Voi. 52C, No. 9, SEP. 2003

22 EXg B2t & v/t F% wE I, F7s
7l v=3kVolddANE I,7t 43 F7H3H, v=4kV
ol ME 2818 I,7t TAstE AYE BHAFEH ot
Ay 2E AFNY i-v 549 AL 2dz e Ao
o % V7l 4 kVolReg F/eAEY, J Aded #A
okale] A4 ZZ(normal glow)olA ¢]4 2 Z(abnormal
glow)2 AAd 27 &4 58] ARH7 dEd L2
ZAHE Ao2 g

F'S
o
o
=
&

354  P=20kgionid, =30 mm, 2= 14.5mm, r=3.0mm . 2

wE20min, X=+20mh, Q= 6LPM 5]

3o - - ’ ) : ’ Fas

O N= Y A L 210 €

254 - N=dea) L] )

b1 g

204 E
140

&

N
o
Charge-to-Mass

Mean Deposition Current, I g I“A]

8

00 O— T T T T T T T T
00 05 10 15 20 25 30 35 40 45 50

Applied Voltage, vikV]

-]

a8 12 & =He IR SIMAXe v|MEIE S
Fig. 12 Charge-to-mass ratio of corona charging device at
optimal conditions

3.8 &

wote) F2gol o

2348¢ 9 5 9=2

BruAge A FHETE =2y SANA AX
NZ & Qe 2zd 99y FALTFNE ALy

22y SAsdd WPATY FPIX), FE A3 W
3 43, FEIF Bw), FE A3 2AAND), #
QBT #3Qa) 2PT ¥4 2 A 249 A
& AL we} ojgo] BT okl 4 HAFA 0
e WYHoz A7 YET AAE B 2L

-

24 Saasd 33 FLAXE FEAI
%‘L -‘?—-Ev- A -20 ~ 20 mmE HIHAL 9, HA
M =3RE FAAFE Xh ¢o2 BF e
ARAFE B on, AT 45 kv o
052 MAA FsE Ae & F 9Tk
2. Z2 Y A L&A %E’ﬂﬁ"i’—] ARAME 30, 40, 50
mm W3 ARE @, o] HEFS FU DAAYA
P BRARE 28 £ AREd, Ot rol HE4E

K3l

59 AgAA aee) WA FbA) HEoltt

Beood X o
2o

ml

o,

8. 2= A2 HAAAN(X)E L4 (+20 mm)3L,
ZTAFEWE MEARE b wiE E Fo] & #EA
7-'“% F &3 _’ym}a}lv] 2 APNAEE AL F 9191t}

393



BABFRNEE 52C# 93 2003% 98

4. 22V ALY RAYX(DE B ATAXNTH 6.
0~340 mm=Z ¥IAZE o, Z = 145 mmlA Hk
& 7MAE BAFEU o] 29 A4XE Fdge] UFNA
BEE2 W3l= Xel7] fioz AaRgch

5 32y A2z B7YFel AR d2FVIE 0~6
LPMo 2 &$F& AL AZ2F7) 30 Z/1d+E AA
ATt F8te A%E H9Fd. o 22Y stdA
o) WARsE AxF7)d 93 AdxH FAHAAFI &
o Ao o AT AlrEH

6. Y sFALAY B NFE 1~ AHANY 2,
A8 AAF Aol 2 IRAFE Jehdlen, 248 4
A AR, 24¥e © & AAHAFE & F AN
t} ool Y A4 7t golForw AHoz
o)X Fx WolrAN AFe AzFAA TFF df
< 29" EFsAE dozl A Agdn.

f11 S. Edward Law, Electrostatic Pesticide Spraying:
Concepts and Practice, IEEE Trans. on IA, IA-19, 2
(1983) 160-168.

[2] o159, F58 AARD FHETALE A, 85
(2002. 12)

[3] E. Franz, D. L. Reichard, T. G. Carpenter and R. D.
Brazee, Deposition and Effectiveness of Charged
Sprays for Pest Control, Trans. of the ASAE, 30, 1
(1987) 50-55.

[4] S. Edward Law and S.C. Cooper, Electrostatic~
Induction Spray-Charging Nozzle System, US Patent
#5, 765, 761 (June 1998).

{51 I L Inculet and J. K. Fischer, Electrostatic Spraying,
IEEE Trans. on IA, IA- 25, 3 (1989) 558-562.

[6] S. E. Law, Embedded-Electrode Electrostatic Induction
Spray-Charging Nozzle: Theoretical and Engineering
Design, Trans. of ASAE, 76 (1976) 1502.

[7] foEEEE: BEBHALPFER FERZER, 22, 1 (199
6-11

[8] HABPELREGH, BER >~ F7» 7, 304-305 (1981)

9] BABEREER BER v F7» 7, 571-574 (198D)

[10] . Moon, D. Lee, T. Kang and K. Yon, "A
Capacitive Type of Electrostatic Spraying Nozzle”,
Journal of Electrostatics, 57, 3-4(2003), 363-379

394

= M d (x & 8)

1946 79 2594, 19709 ZFHdEm
At Eelu & &4, 19759 A5
ety AxFa EG(HAh), 1982d
dE A gty AVFFAERA
ZQJ(atAb), 19839 ~dA A5 A=A
A7)1HFE AR ng, 2 P
Tel : 063-950-5601, fax : 053-952-5506
E-mail :jdmoon@knu.ac.kr

uf z 2 (E & 1])

1976} 102 12984, 2001Q 5o A
AA7|FER <. 20019~84 AE
0 odse Wy)BEn HAHA

Tel @ 054-534-7858

E-mail :ztempler@yahoo.co.kr

of 2 €l (F & F)

1974 109 1294, 20004 FLFdl
AAFSH 4. 20033 2¥ A=0 W
g drigeEs 24HAD

Tel : 053-753-4285

E-mail :auieo@orgio.net

AddESBN

1974 89 01¢€48. 2002 ZAd} A=
A7FER E4. 0029~ A&
e ArlFEn AaaA

Tel : 053-940-8601

E-mail : medium74@hanmail.net



