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Abstract: This paper is a study on the optimal microdroplet generation conditions in indirect charging electrostatic spraying.
Unlike the direct charging method, which applies power to the nozzle, the indirect charging method applies power to the
discharge electrode between the nozzle and the collection electrode. Therefore, an electrically simplified system can be obtained
by minimizing the insulation part a stable spray pattern can be obtained with a wide spray angle, and a stable spray pattern can
be obtained with a wide spray angle. To conduct the study, an indirect charging type electrostatic spray visualization system was
constructed and the static characteristics of the microdroplets were analyzed through image processing of the spray shape of the
microdroplets. The total number of microdroplets and the number of microdroplets per power consumption are confirmed
according to the changes in the distance between the discharge electrode and the collection electrode, the flow rate, and the
applied voltage, which affect the generation of microdroplets, and using this, the optimal generation conditions are derived and
the corresponding microdroplet size distribution was analyzed. As a result of the experiment, it was confirmed that the optimal
generation condition was at a flow rate of 15 to 20 mL/min and a voltage of -22.5 to -25 kV in terms of the number of

microdroplets, and at a flow rate of 15 to 20 mL/min and a voltage of -20 kV in terms of energy consumption efficiency.
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Fig. 1. Schematic diagram of electrostatic spray direct and indirect charging method: (a) direct charging type and (b) indirect charging type.



J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 37, No. 1, pp. 79-87, January 2024: Lee ef al. 81

2.0|EX HiY

el
)
)
Dl

A BFE ol &t A ARl WAl AT} oA
o N AA S VA Qo s Asty olFA A
° YRS 71E 71H B201A Holut ARl Ao ol
sh- 2l 2 o] g itk ol 2l ¥elo oJs) AA 28-S
Ao AR AeAg g FE0 &S
Davenport et al.& X 7|A A5 ArL0] W5t o] 2A& Q]

__ 16K:Ccqpqa
Nes Sanrdpddz

(M

o714, mes= ARA7IA F2 Aol ot oA A] AT

JE [s}

& Kv 2% 42Wm?/0). = A3 B8A u

rlr o

da'= BRI 0] A74(m), d,, = DIARA] Axtel A7 (m),
4a'= OV 0] A 3EH(C), g, OIARIA] URke] Hsta
()2 ofulgiey.

T3 Kim et al.i A| & 5 um 0] YA 8 w7y
5 Y FES AUSHE ARAA 585, = LY
AN

sto] g S=00 <t AR aeS A (2)°F 2ol AAls
Ach[17,18].

9 2
Nimp = 34(Sen)s = 3.4 (p"V;dZ )5 )

A7IA, nimpe W F=00 23t B4 88, d,= UlA
K] AARFR] A (em), pp= OIMHA] A D& (g/cm?),
V2 DA A] JALeE AR 0] T4 & (em/s), dp= DIA
X
A

1 AATe] A (emyol .
1

[

[}

(1)} (2)9] ulAAA 2710k AAl 589 HA A
JMIR] Q] OJA|HA 3 7]17F |3 AopX|H HAl 882
FAMA] Z =N

ol

o}}\] 2T »xua=2

17F Y& Zrobx|d A717] YRollA aj&| iAol of

Uil &shr] mizoll EupAQl ZAS YoM = A~

2 um =2 AJdsfjof sty [19].
Ganian-Calvo et al.-& BA|Q] EAJu} S22 o

7] R e/do] G2 AAof tisto A& o Q= WA

37]of sl A (3)& AAlsHITE [20].

@)

5 9182 SIS 2 9lck. sHAI9 o] Ao} o)
E

o N

1

= 303 (2£0)s 3
dy = 3.78 X 0.6m 7302 (VK) €))

AT, V2 DINRIA] AAFeE HA O] AT & e (m/s),

e

| Y LY

7 5780l oJst ofejolEjo) FS Lo RF 2ES &

3 2718 AAE 4t ESH Hartman et al.2 0]A
VS

1
Dy = (0.8 x )3 @

2 og o2
M oo
Ho nlo mjp

Jo
off
20
o3
™ rE
fo

w
—
[}
o2
0
P

ol
rr
oX
2
M
N
N
2
ol
o
20
19
Z
>

3A10] 74A8E A] A% 7

AAI7)7] gl

4o
-

R R
e
0o

[AN]

T

10 o __;
I
Ral
[~
ol
o T
< =

Z >
2
o)
mjo

i)
1o
=
-4
z U
N

fu i
%

A
od [
o g
N
—
o 4o
a2
of nk
) T oZ
1B g
_ID =
=
2 o
24z [

2
l_r
A
=2
of
Y]
olr
o
)

oX
2o 2
)
o; o
= of 2
=
=)

oZ HI
oX.
2 -

=
2
i)
i)

>,
)
)
49 wjp
£
Jo
ki
r
b
=

ox N
(A}
bl

(@]
el
o
AT

| >
rr
i)

2
mjo
om
ol
[}
D —_—
- =
Da}
> IF -

= T

=2y R orr
=]
%]
32 gl
=
i)
2

1 2 4

r2
rQ 2
2
2
o

- iTh
H
o

19
32

b0

D el

e
-~
o mu £ |

2]

o K

o o
> rr 4o Ru oX mo rir

O
D
o)
_?_‘
|u

TR TICH

w o

of
)

i
ol
(s

_,d
=

=== I O L D N 1 R A

oM.
oy
> 1o
1
2
—
gl

ol 0f T
A
of

rok
o
il
of.

of
ro

0

D)

i)

A

R0

=

ol
o
~
)
o
2 o

l

u

i

h
> e
ot U

]
o T by

o

2tet o] A
JL4 =Tt SpinView
A 351A 2435} Open eVisio
Al A& Fofl oA AA 7l 2

2 7HAEE Al ARLO] AR ARFS LHE}

i

n 12
=
2,

o

ol
=
Mo
4o =
ogl
2 T

0.

=1

u

|J

o

fjo

|4 P ofm
[
Ju ku
¢
> o
fjo
%8 ofm
2!
o

—

N
[
ul

A 28 208 sPR WAloA] Dl A Ao Fha 2
Age R x7e f& A3a WM A2 7| Ag), &



82

LED BULB

Stroboscope

1L

J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 37, No. 1, pp. 79-87, January 2024: Lee et al.
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)

Fig. 2. Indirect charging type electrospray visualization system.

Table 1. Detailed specification of the experimental equipment.
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Table 2. Detailed specification of the experimental condition.

Name Specification Condition Value
Syringe pump NE-1000 Nozzle inner diameter (mm) 0.55
Nozzle KD505CS Discharge electrode hole (mm) 50
Collection electrode Stainless steel (300x300 mm) L1: Nozzle to discharge electrode 50
Induction electrode Stainless steel (100x100 mm) distance (mm)
Outbox Acryl L2: Discharge to collection electrode 100, 200, 300
High voltage power supply B170 distance (mm)
Stroboscope LCP 24-30Q Flow rate (mL/min) 5~20
Machine vision camera BFS-U3-51S5M Voltage (kV) -25~15
Digital camera Sony A7c Temperature (°C) 25
Photographing program SpinView Solution Tap water
Droplet analysis program Open eVision Stroboscope duration (us) 15
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Step 1: Image source

Step 3: Filtering

Fig. 3. Image processing procedure.
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