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Generation of Uniform Fine Droplets Under Spindle Mode in

Electrohydrodynamic Atomization

Myoung Chan Kim, Sang Yong Lee, Sang Soo Kim and Yu Dong Kim
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Abstract

A series of experiments were conducted to generate fine liquid(water) drops through the
electrohydrodynamic atomization process. The atomization mode depended on flow rate and DC voltage input.
For water, having electric conductivity larger than 107 S/m, the spindle mode turned out to be the only mode
to generate uniform-size drops within the range of 30 — 450 microns that have wide applications. Within this
mode, both the uniformity and the fineness of drops were improved at an optimum voltage input for a given
flow rate. This optimum voltage increased with increasing of the liquid flow rate. Another important
parameter considered was the nozzle material with different electric conductivity and liquid wettability. A
stainless-steel nozzle (the material with high electric conductivity and high liquid wettability) and a silica
nozzle (the electrically non-conducting material with low liquid wettability) were tested and compared; and
more uniform drops could be obtained with the silica nozzle.

DC : direct current
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Table 1 Formation of drops under DC electric field

Micro-
\ . . Drioni
Mode Cone Jet Dripping Spindle Simple Jet ripping
A
v'erage Less than 10 10~200 30~450 More than 200 More than 300
Dropsize [pum]
Size Distri- Mono- Relatively Disperse!'® Widely Mono-
bution disperse!'” Uniform!"™ pe Disperse!'™! disperse!'®!
Table 2 Application of 30 — 450 micron droplets ¢
Mechanical Environmental . Power .
L ) Transport Agriculture L Painting
Engineering Protection Engineering
Oil mist Gas scrubbing, Aerosol
. .. Pollution MPI engine, Jet | generator, Pest Burner, Water Coating, Spray
lubrication, Liquid ropagation turbine engine control, Weed lin aintin,
metal atomization propagal gine. ; cooting pamting
protection control
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Fig. 1 Experimental setup for electrohydrodynamic
spraying experiments

ofp ok

4u rlo
=

lo L o of o N oo
o 2 e

i
o

4 AL
A]

2y 5t Aol g,

2.1 A8 Ex

B dFA

oﬂx_—]_Q.

A7l

o & A
¢ Zasith e, olAz 7
8% REdd 7Y AL
A AL & gl
gk webq, "4 A7e)
47 RE, 3
& 5o} 79 A48

o8

fgagoe nys}

2 o e o
]|

Al B e dRe

] o
223 S (spindle)
450 vlo]l & YAF 9

oy A Qo
=

HEol v)Y3l $&FEoke
BooA doixE 30 -
o] g3l mahA, o

7] S8 Abe R APAAE Fig 1 % #oh A

zo BAAAE FFAE A3 B

I



28E B WUy vYgstE B8 4U ANy 44 925

FTETES dAHHA FFI7] A8 FA @=
{syringe pump, Orion model 305)& A& eny, o
A T8 d8ME Ao At 30 kv 9 H
AF 5 mA B RE DC nAY AY TFINDC
high voltage supply, KSC Co.)2& |ZA3th =&3 H
AT Aol Aele Adg FHEY] Hel nx
1

o}

X F H (high voltage probe, Tectronix model 6015A)
ARRgeh =5 HAAMF e Ana w4
A #AF FAE A8 AR A F(ground electrode)
o) Zx(earth) Atele] 10 MQo] AL JAZch
AAEF =F Arolg WS AE 8 mm 2
Fasith 35 A2 WVIHEE 1.0x10* S/m
9l ZA S (ultra pure waten)E A3 =F A A
9] 93g w7 YA SUS =& silica =F&
Algeitt. SUsS =Ee9 ud 9 9Ee Az
0.3mm, 0.13mm ©] 1 silica =Z9 W% % 93L&
Z+z} 0.32mm, 0.1mm ©] T},

HF EFo FAe cCD  7hel 2l(Toshiba,
Model NB.1K537K)9} 10 msec & 43 Al 7+-& 71A]
£ 2EZH o dojxn HFE HFHA
o A3 Y S dEHez wEsty] s
AM¥ &7 eh(Kodak Ektapro hi-spec  Motion
analyzer, Model 1000-E)7} AF&5 it} vl 7hd)
&9] 71 E&(recording rate) 12000frames/sec I 4
g MdEE 256x192 otk 1 BXE ZA3
7] A = R b 718& o] &gt
PAMA(particle motion analyzer system, V-Tek)7} A}
Hdo =&3 HAAAF(Cu B) Aol HARF
(discharge current)t EITIE(HP 3458A)8 A}&-3
39 o4 A7 g 98 ¥A g 5HZE
A e Hold tole=, AP A=z agn F
teje =2 TAEE FAFX 7 ALEEH U

T

22 AY Zof

7bel E 5 % Wshe delck 0~ 2kv 74X
v =% A wlE dgs] & 4] o=
3l g Jebdoh 3 A 4kv oM E =
Z 97 vl w2t A7l YA H Fo
Ae 28F 2E7F JeA R HH9k 6kv o]
delAe gE Hddo] Frhge] wal =F oA
BolAs AFe] ozt Hojx dHe A7t F
bt #del uEpdth dAFe) Heojrzh e
o) & Aol FAHAR xF 7 viE 7t

=
£ a7} gasiel Folr] BEel of7lMe o

(a) OkV

(b) 2kV (c) 4kV

(d) 6kV (e) 8kV (f) 10kv
Fig. 2 Change of the drop generation mode with the
voltage input
(Liquid flow rate: 1x10*ml/s, SUS nozzle)
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Table 3 Comparison between the measured SMD and the
drop diameters obtained from eqgs. (1) and 1/2 of

Rayleigh limit
Type Silica Nozzle
Voltage Input 3.4kV
SMD 44
Dropsize from eq. (1) 52
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