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Study on the Physical Properties of Spray Liquid Droplets Generated as
a Result of Air-assisted Electrostatic Spraying System*

—Effects of Air-assisted Electrostatic Spraying on Charge to Mass Ratio and Spray Distance ——

Keita YOSHINAGA™*', Suguru YAMANE*? Masahiro MIYAZAKI*,
Natsuki NAKAYAMA*!, Yosuke KUBOTA™, Ken KOBAYASHI*

Abstract

We studied the physical properties of spray liquid droplets generated as a result of air-assisted
electrostatic spraying with an aim to improve the pesticide adherence performance demonstrated in a
crop community by providing air-assistance from behind the spray nozzle for the control of pests in a
greenhouse, plant factory, etc. In the course of this study, we used an electrostatic spraying system
equipped with an annular electrode in a wind tunnel in order to examine the relationship between the air-
assisted wind speed, the diameter of spray liquid droplets, the spray nozzle height, spray distance, the
electrode voltage, the distribution of precipitation of spray liquid droplets, the specific charge of liquid
droplets, etc. As a consequence, we identified the increase in the volume of spray liquid droplets reaching
the object by horizontally spraying the liquid in an air-assisted manner through the use of a hollow conical
spray nozzle and found out that the specific charge of liquid droplets measured at the 100cm spray
distance was approx. 8 times greater than when no air-assisted electrostatic spraying was conducted.
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[Keywords] electrostatic spray, air-assist wind velocity, low-concentration and high-volume application, charge to mass ratio,
spray distance, droplet diameter, nozzle operating voltage
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1. EREBOHE
(1) HEHAEEL L UHER ) AVOME
ARG CHER LB ERAEE (K1, IWRS, 2008)

X, FIRE, BEREEICHNISTE, »OoREETREL

CHFEIELIENTELRRERE Vv, FEFES
REBEAL. BERAEBIIEBILFE (polyoxy-
methylene # g, 7ME 75.0mm X €& 785mm, FEFEHK
BOiE S 156kV/mm), BIREE (K 38mmXE X 45
mm, EHFE), JANVBIURESELRS BHEER
(MS413, FLILEMERTE) BL Uy v 7 THE SR, BIR
BRIE AND 5 OBEEIIRIZED L1122 Ao ED
WCEE SN TV,

R BITE S HEBMICBVER RS2 TR S
LRHETH BH75, HZEMHET 2 VBT 5 EERHE
i, BRERICN L TH—IZEELTWA I LR
EHELD BB HSHSNS (LIRS, 2008) 729,
KEBRTIX, hZMHEE AV ERBEL, BEH5GLS
KA LHWLN TV B EZER % (DT, RFE)
38~205um @» TXVKI1, TXVK4, TXVKI12, TXVKI8
ATFV—A YTV AT LRM) DATEEYERE LT,
BELLANVOFETLER ISR, R Avot
HEIIKEKEEFEES 15MPa TL AR AR ) ¥ 5N
WCHEFEL, ZoRZHEIEL CEH LA, KEHB~EE
ENTRFEOBEL, L —FEIREE S w2 E
(LDSA-1400A, BRA2 ¥ a—%7 7)) 54— 3 X
BEASHR) 27z, EHHE 600mm, L—¥3%
& ZRERDBEEE L 2000mm, Ny 7 Z T v REUY
AHREER 2s & L, RERX Y70 10 EERHEIE % 1T\,
FIFEE (VMD : Volume Median Diameter ({&F&HH71X))
WEZOFHEE Lize L=V, SHEB L OEFE

B 1 R L - EREED  XVE (IR S, 2008)
Fig.1 Specifications of the electrostatic sprayer (Yamane
et al., 2008)
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Table 1 Characteristics of experimented nozzles

fits ) XV HEI TXVK1l TXVK4 TXVKI2 TXVKI8
5% & (L/min) 0.13 0.55 1.7 2.6
HLF1E (um, VMD™) 38 60 165 205
7% A 80
I77 A MEHE(m/s) 0~5
AR E S (MPa) 1.5

*VMD : Volume Median Diameter ({&fifHfirf¥)

JANVEEIE800mm &b L) ICERE LT,

(2) BEIRAIZ BT B EE O LB E

MR L - BB EBICB I AEBHEOTERES &
UBEBACNTEIIT 7 VA MDREZFMT 2720
12, BUAMIC BT 5 EFTE O ER (CMR : Charge to
Mass Ratio) {I5EASH] §E 7% FEEREEE 2 VERL L 720 JAUH O
WrTE 1 2,000 X 2,000mm TH A O ¥wHEIZ 1 38755 15mm
DERAROERFETB L OCRWEANIEOB A 1mm
DEWEE, PIOREICHET 7 7 v % 4 BT TV 5, il
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Y7 v TR 1 Hz, KHEGFHFRIERE) % FHWillE
L7zo BERAOMELREB IIBIIEZRAR Y 7OHE
FC/ANVERCERBELALENN I VAT 2 -
(KH17-323, EHarE#) B L OFY ¥ VEHE (GC70-
20A, REFEHHRE) OE»SFWEL, BAENIE L5MPa
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#) #Fv, BERANMEEIERSETLELERERE
OHAE=F HSHEE LT,

WEOLER RES, 1987) & (1) 0&EHR2 5K
D720 :

gs=IsXt/M o))

gs: WWEM (C/g), Is: EHEER (A), ¢ EERH (s),
M:tBEEICBY A2 HItEER (9

M7 Avontiti®E (L/min) 226852 L7,
EEE Is1x, BES (1987) BLUIWARS (2008)
PRV HEEXSEL, HTELAWHEZ T VI =7 A%
ALy Ava (1,800mmX1,800mm A7 IV I =
2 A1110, ZF ANV FAZ)V3E, THhoHHEAE 3X46
mm, 4X8mm, 7X14mm) THEL (M2), 2L ¥
Mo 7 — AMOER B ERE (2010-31, $5E L
0#%, HOTERE) TEHAILZ. IV 2% Ay v aidfiik
HWIZBIFA M b 20 v E00 5 HIEWOFES T

e, 7T o N R PR

2 HATHABROKT
Fig. 2 Spray test in the wind tunnel
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Fig. 3 Schematic diagram of experimental apparatus using wind tunnel

P+H4kV & L, BE/ ANVES 2 HEHEAH S 30cm, 50
cm B LU 100em D 3 KEFIT 2,

(3) 77 VA NPEBEREOLEMIIRIZTTHE

HEHMEBOESE / AVEE, / AVOEE (WF
%), BWEVINEE, BAREES L CLT7 7 V2 bEED
EREREOLEMICS 2 2BEBICOWTHAE L, ##
J AVIRE LIRS 4 BB v oo BREVIIELICD
Wi, +H4~+7kV BETREOFENEIT IR 5
LI HRE (AR S, 2008) 205 0~+10kV (05kV &)
L L, BAREEEEE 10~100cm (10cm &) D#EFEE L7,

Il BRILUVEE

1. TP AP REDGICRIFTTHE
BARIIMEBEE 0KV ICBITA7 7V A MK OB X
P3m/s BEOER ) ANDOKFEEFEDA TV —135 —

BLO/ ANVEEFICBIT S EES AT 4 B LR
21T TT7 7V A MNIGEOm/s DEMT TIX, B2
M$EDTERZ MR TE 2B ERILH 30cm BET
Hole /S ANTEDOUEME O IZBIT5EZEIL 35
m/s BETHHDIL, H#ED LA TH il
BOIBITARAEIT0Im/s & olze BHH (2011)
DEFBRFEDOBEEN BT, HFOKFEREIIE
EBTCIWETL, 20B0EEIEHETICR-/2Z
et FEBREFIIBNTE, HAEEE30cm DLET
EBREFFAROBE L RLI-bOEEZLND, 72
72U, mZeMsEnES ) AVOKFEEETIE, PR
FULERIZ R E i % o 7 BT O TR AR S 1,
B EESE 100cm DOHEME @ 128V Th 2m/s Lo
FESHEF I N2, COBMEICEEAT N -BEERE
X, SmBEE T TEIINS Z PRI NT,
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30
7T A MRE : Om/s

30

100

E R XL TXVKA, EFEEAH - 1.5 WPa, BABENMERE : 0 kV
E2: BPORy—)LOBEELE cm
3 ERIEEBARICH L THEEN S, TREEE/ XILEAH LR

Bl 4 KPEFEHEORTL - —
Fig. 4 The spray pattern under level spraying condition

£ 2 KFREFERO BB —F, LT7T7YAMNAE3m/s DA, TT7Y X b

Table 2 Wind speed distribution under level spraying JAE Om/s \ZHRT, BEiE—kE ol T, B

condition FHRHEVEZREIUC L D ZIT 2 WHEL AV FITHRT,

J ZNHHHAE (cm) / AVEEHEIC BT 5 EE IF7TVAMILoTELNLZANVFEFREREP 72

WEME L oow  maam 0:77% b Ja CERERTAEEZ D,

m/s Sm/s nB, BEEMEE+4kV & LTS, JBEMICHE

5 5 0 30 o2 Ladorze RRABRTHRLE AVOE, =775

® 20 0 3.6 5.1 AMIZEoTHELNLAIAVFE, HFETLHI LIS

% fg g 3; ‘Zé THOLNDEZFINFIHNTHFITRENI ERS, B

® 20 16 0:3 2:7 MIZBEEZEINLT %)ﬁkﬁﬁ?ﬁblii%@béﬁ‘ot%w

@ 30 24 0.1 2.9 EEZ bNT,

2 ‘ > 43 2. IPFYRNPETRATICRIETHE

® 150 0 1.3 4.0 IT7T7 YA MNGE HMEE EE/ AVEILET

o 200 0 1.1 4.0 ESMOBBERS5IRT. T77 VA EE Om/s,

* FBHE ORI 5 EOFH, BRREINEE +4kV OEETTIE, 2 AVh b OREREDS
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Fig. 5 Relationships between air-assisted wind velocity, operating voltage, nozzle height and distribution of droplet
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Fig. 6 Relationships between nozzle height, spray distance, air-assisted wind velocity and charge to mass ratio

T/ ANVES, BAERE 77 VA MREEFES X
UHETLREMOBMBRER6IZRT, T7 7 ¥ A MEEO
m/s, SATEEEEAS 100cm 2B VT, BE AVE S
30cm OFELEMIZ—002mCrkg, BHE/ AVE &
100cm DO FZELEMIZ—004mC/kg & 2 o720 T
LT, T77 YA MNRE3Im/s DA, B 100
cm 2BV, EE ) AVESH 30cm OFELERIE
—022mC/kg, "%/ A)VE S 100cm OFE L EMIE
—026mC/kg & %2 olze TT T VA MEEOmM/s, B
FiEEDS 100cm 12 BT, BEFE/ AVESH 30cm OF
THEMT—01mC/kg, EFE/ ANEE 100cm OET
WEMIZ—002mC/kg & o7z TN LT, =T
7 YA MEGE 3m/s DG, AR 100cm 2B\ T,
BT ANVEEHN 30cm DE T HEMIZ—0.08mC/kg,
BE/ ANVEZ10cm DFETHEMTOMmC/kg & %o
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T, =77 YA MAEOm/s DA, / AIVEEER
DF ) EATEE 10cm BT A EEREMNIZ—0.77
mC/kg TH o725, A 100cm (2B 2 EEHE
ik, —006mCrkg & KIEIAET L7z $bb, #f
PEBE 10cm & 100cm O 22/ THIEASFOHEED 90%
Plb%xkoto b Eib, I, RS (2008) Dk
HIZbHAHEBY, BAERE RIS REFOREL,
WENTOBMH, AN 0HEEE RS I - TER
FlIZauFRET LD EEZOND, Fiz, —HRITH
FENNDNEVEEZE LT { (Matthews, 1982), HAGEE
AL Z LI aLy Ay 2l ZHET BENIC
ERELTLIV, BEASPHETEZVI &, 51213,
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Fig. 7 Relationships between VMD, air-assisted wind velocity and spray distance on charge to mass ratio
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Fig. 8 Relationships between operating voltage, air-assisted wind velocity, droplet diameter and charge to mass ratio
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