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Experimental investigation on impinging behaviors of non-Newtonian and
viscous droplets through electrohydrodynamic atomization

Kyoung Duck Seo and Jiwoo Hong'

Abstract The stable deposition of impinging droplets on non-wetting substrates is of great importance
for numerous industrial and scientific applications such as coating techmques mkjet printing, spray
cooling of heated surfaces. In this work, we systematically investigate impinging behaviors of
non-Newtonian and viscous droplets ejected by electrohydrodynamic atomization.
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Fig. 1. Experimental setup of electrohydrodynamic
atomization.

Table 1. Physical properties of working fluids.

Viscosity Surface tension Densi?'
(cP) (dyne/cm) (g/em’)

Working fluids

DI Water 1.1 72.43 0.99
Glycerol 20 wt% 2.1 70.07 0.94
Glycerol 50 wt% 6.5 68.68 1.01
Glycerol 70 wt%  30.5 66.79 1.05

PAM 5 wt% 22 64.63 0.92
PAM 10 wt% 4.1 68.81 0.92
PAM 25 wt% 20.9 66.67 0.93
PAM 40 wt% 171.0 69.11 1.03
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Table 2. Natural oscillation period of droplets

(P, mode)
[msec]
Voltage
Working fulids 0 kV 3.2 kV 34 kV 3.6 kV
DI Water 13.6 5.9 4.6 2.8

Glycerol 20 wt% 129 59 4.6 23
Glycerol 50 wt% 128 5.6 42 -
Glycerol 70 wt% 127 53 35 -

PAM 5 wt% 137 64 53 3.7
PAM 10 wt% 13.1 6.2 5.1 3.6
PAM 25 wt% 135 7.1 6.0 4.7
PAM 40 wt% 14.3 8.2 6.8 6.0
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Fig. 2. Temporal variation of base radii of PAM
droplets after impinging on hydrophobic
surface (a) DI water, (b) PAM 5 wt%,
(c) PAM 10 wt%, (d) PAM 25 wt%,

(e) PAM 40 wt%

ZH(surface  tension)ol] HHel= 4°2]-8-2(normal
stress) S F2317] wEoelt I,

ZE o]F AR o] AEe nx|= Al YIS
olr 7] fi8f W= A= A WSk
Al &S A AR Ao Aenks WsAIA A7

S FsISItH(Fig. 3). Fig. 3b)E B9 A< 3



50 A EAS

(a) DI water (b) Glycerol 20 wt%
3.0 3

e 0OkV e 0kV a 3.0kV
432kV - m32KkV Y 34kV
I *36kV

S u34kV
- +3.6kV

Base radius (mm)
&

Base radius (mm)
"

b
>

(X
.20 0 0 20 40
time (msec) time (msec)

Glycerol 50 wt% (d) Glycerol 70 wt%
3.

* 0kV
A3.0kV
=32kV
*34kV

o
=

LG
-8

in

Base radius (r

o
S
o

40

o
s
3
3

time (msec) time (msec)

Fig. 3. Temporal variation of base radii of
glycerol droplets after impinging on
hydrophobic surface (a) DI water,
(b) Glycerol 20 wt%, (c) Glycerol 50 wt%,

(d) Glycerol 70 wt%
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Fig. 4. Comparison of impacting behaviors between
droplets of PAM 5 wt% and Glycerol 20 wt%
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Fig. 5. Impinging behaviors of Newtonian and
non-Newtonian droplets (a) DI water,
(b) PAM 5 wt%, (c) Glycerol 20 wt%
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