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Heat and Mass Transfer Enhancement of a pendant droplet on heated
horizontal surface by acoustic resonance

Jong Hoon Moon, Byung Ha Kang™'

ABSTRACT: Nonlinear and forced oscillations of supported viscous droplet were focused
in the present study. The droplet has a free contact line with solid plate and inviscid fluid.
Natural frequencies of a pendant droplet have been investigated experimentally by imposing
the acoustic wave while the frequency is being increased at a fixed amplitude. The
evaporation was observed at atmosphere pressure. The droplet was recorded throughout the
entire evaporation process and transient variations of the volume was measured. The
evaporation process of oscillating droplet with thermofoil has been also observed to
investigate analyzing the resonance effect on the thermal characteristics of droplet. It is
found that a pendant droplet shows the resonant behaviors at each mode similar to the
theoretical analysis. During imposing the acoustic wave, the pendant droplet makes a
rotating motion in its longitudinal axis which is a new shape oscillation mode. The
evaporation rate of a pendant droplet at resonant frequency is significantly enhanced.

Key words: Pendant droplet(33 el w2 e H43), Oscillation(%1-§), Evaporation(F),
Resonance(¥31), Frequency (5 3-5)
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Pinned contact lline

Solid plate

(@)

(b)
Configuration of a liquid
droplet placed on (a) a spherical bowl and (b)
a flat surface.
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T.P.R. (Thyristor Power Regulator)

Liquid drop
( V=7 micro-liter)

Thermofoil
(2X2inch)

Fig. 2 Experimental apparatus for set-up
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Fig. 3 Images of the resonant oscillations of
droplet (a) and (b): the
rotational-mode oscillation, under the acoustic

a  pendant

forcing of 30 Hz, viewed along the r-axis and
z-axis, respectively (c): Longitudinal oscillation
under the acoustic forcing of 58 Hz
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Fig. 4 Oscillation amplitude of a pendant
droplet under acoustic forcing. (a) The
rotational amplitude vs. frequency. (b) The
longitudinal amplitude vs. frequency
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Fig. 6 The variation of diameter of a
pendant droplet
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Fig. 7 The wvariation of volume of a
pendant droplet by time. (a) The range from
0725 Hz, (b) the range from 25740 Hz, (c) the
range from 40765 Hz.
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Fig. 8 The evaporation rates
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Fig. 9 The assumption for calculating the
mass transfer coefficient
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