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A Study on the Visualization of Electrohydrodynamic Spray
Flow in High DC Voltages

K. A. Sung

Key Words: Electrohydrodynamic(Z 7]<=% &}3)), Whipping motion(3 % -2-%), Back-illumination (F¢Z3%), STS
=Bl @ 27}, Mean drop radius(Fl7H 42 HF4H3)

- Abstract

An experimental study was performed to investigate the liquid breakup and atomization characteristics in electrohydrody-

namic atomization according to the changing of experimental parameters such as nozzle size, fluid flow, and electrical inten-
sity. An original electrohydrodynamic atomizer equipment was designed and manufactured for the analysis of spray

visualization and the exploration of relationship between applied power and the behavior of liquid atomization. The image

processing technique by using the back-illumination method was applied to visualize the distilled liquid breakup process and
to examine the variation of the droplet size distribution. The results show that the spray modes of electrohydrodynamic atom-

ization are closelyconnected by the strength of the electric stresses at the surface of the liquid film and the kinetic energy

of the liquid jet leaving the needle tip.
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Fig. 1 Schematic diagram of experimental arrangement
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Table 1 Specifications of spray visualization system

Sensing area 10.88 mmx8.16 mm

CCD Resolution 768(H)x493(V)pix
camera | Lens mount C mount

Flange focal length 17.526 mm

Max. magnification 0.084~0.84 x

Max. aperture ratio 1:56

Macro- Effective lens aperture| Front ®30 mm,
Z(l)om Rear ©6.4 mm
ens Focus 180~450 mm
Back focal length 23.29 mm
Fram Resolution 640(H)x480(V)pix
bbe Transfer rates Up to 100Mbyte/s
BrabOel |\ NTSC formats 29.97 frames/s
Light | Flash frequency 2~20 Hz
source | Output 117J
z
Nozzle
Tip
'y
Ground 8mm|
Electrode
: v
B N r—P
P 10mm R

Fig. 2 Configuration of nozzle and ring ground electrode
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L o
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Fig. 3 Schematic diagram of droplet sizer using image
processing method
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Fig. 4 Digital image processing procedures for a single
frame
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Table 2 Liquid properties

Parameters Distilled water
Conductivity K [S/m] 1x107
Surface tension p [N/m] 72.3x107
Density p [kg/m®] 1000
Relative permittivity er 80
Viscosity 1 [Ns/m?] 0.0013

Table 3 Experimental parameters

Parameters Ranges
Flow rate [ml/min] 1~4.0
DC voltage [kV] 1~3.5
Nozzle material STS

Gage 1.D. O.D.
25G 0.25 0.50
23G 0.33 0.64
20G 0.60 0.91

Nozzle size [gage]
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Fig. 6 Spray visualization in DC voltage and flow rate
(nozzle : STS 25G)
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Fig. 7 Spray visualization in DC voltage and flow rate
(nozzle : STS 23G)
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Fig. 8 Spray visualization in DC voltage and flow rate
(nozzle : STS 20G)
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