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An Experimental Study on Characteristics of Droplet Generation
by Electrospraying for Highly Viscous Liquids

Bon Ki Ku and Sang Soo Kim

Key Words :  Electrospraying( é;ﬂ-ﬁ': ), Highly Viscous Liquid(Z2Z 4] ), Jet Breakup(H EE ),
Lateral Instability(ZH W& E<F4A), Scaling Law(=.7]4)), Glycerol(Z 2 Al &)

Abstract

Generation characteristics of electrospray droplets for highly viscous liquid have been irwvestigated by
measuring size distributions of droplets emitted from the Taylor cone using glycerol solutions with various
conductivities. Because of very small volatility of glycerol, droplet sizes can be measured by an aerodynamic
size spectrometer (TSI Aerosizer DSP) with negligible evaporation of droplets. For highly conducting and
viscous liquid, the sizes of the droplets electrosprayed from the Taylor cone are found to be relatively
insensitive to applied voltages and the electrosprays assisted by the corona discharge can produce
monodisperse droplets as long as the corona intensity is not too high. Near the minimum flow rate where a
liquid cone is stable, the spray tends to consist of a one -peak monodisperse distribution of droplets. However,
at high flow rates, the spray bifurcates into bimodal distributions, which are consistent with the result of the
previous study for less viscous liquids than our liquids. For liquid flow rates ( Q) below 1 nl/s, the measured
droplet diameters by the aerosizer are in the range of 0.30 to 1.2 pm for the glycerol solutions. The diameters

of monodisperse droplets scale approximately with ro= (Q 2')”3 where 1’ is a characteristic length and 7
is the electrical relaxation time of the fluid. However, when compared with several represe ntative scaling laws,
the droplet diameters are two to six factors greater than those predicted by the scaling laws. This may be

closely related to the combined effect of the much higher viscosity and the electrical charge on the jet breakup
of glycerol solution.
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Table 1 Physical and electrical properties of some
solutions used in this study

Density  Viscosity Elc-ctn‘cgl Vapor‘
Name  (gom3) (mPa s) qonductlv pressure
ity (S/m) (Torr)
GLY  1262(21) 564° 1.57E-6  9.60E-5"
915(25)  (2€.4) (20
GLYl 1.270(20) ~1400 5.44E-3 ——
(20) (2¢.2) Dielectric
GLY2 1.292(21) 1.20E-2  constant
(20.2) )
GLY3 1.342(21) 675° 1442 425
232)  Soface
GLY4 139021) 690° 1.68E-2 tsefsﬁ)c:
(23.2) Nm)
63.3E-3"

Solution name is the abbreviated name of the solvent.

? From measurement at 30°C.

® From Riddick and Bunger (1970).

The value in parenthesis is the surrounding temperatu-e

(°C) in measuring the property.
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