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Freezing Initiation of Supercooled Water by Intermittent Electric Field
Applied from Outside of Tube for Latent Heat Thermal Energy Storage
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Abstract

An experimental study is carried out to clarify the effect of electric field on release of supercooling state of
water. Electric field is applied from the outside of glass test tubes by use of plate electrodes, and in parallel to
liquid-liquid interface, which is formed in each glass test tube with water and silicone oil. The voltage of two
waveforms is used for forming the electric field: one is that the voltage is increased at 0.25kV/s, and the other is that
the voltage is intermittently applied, approximately 0.1 Hz in frequency and 0.5 in duty ratio. The experiment is
conducted at -5°C. Phenomena in the vicinity of the three-phase boundary is taken by a high-speed video camera,
and observed on a monitor. As a result, the electric field causes movement in the three-phase boundary. The method
of intermitting electric field is more effective in nucleation than the method of increasing electric field. Relative
frequency of freezing initiation of 1.0 is obtained in condition that voltage of 40kV is intermittently applied. The
order of nucleation in four tubes is compared: two tubes shared a pair of electrode and the other two shared another

electrode pair. Tendency that the frozen tube inhibits initiation of freezing of unfrozen tube is not seen.

Keywords: Latent heat thermal energy storage, Freezing initiation, Freezing, Supercooling, Water, Electric field.
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Fig.2 Behavior of three-phase boundary and nucleation

under intermittent voltage of 35kV.
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