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Abstract

As a basis for the use of natural energy, we have elucidated the factors that cause supercooled water to start
freezing from the outside of a cylindrical pipe to which an electric field is applied. The experiment focused on the effect
of the wettability of the inner surface of the pipe on the ease with which supercooled water begins to freeze. The pipe
with an oil and water repellent coating on the inside was used. The electric field was generated by applying a high
voltage of 25-35 kV from the outside of the pipe using a pair of thin metal wire electrodes. Specifically, the effect of
the coating on the onset of freezing of supercooled water was investigated by observing the three-phase boundary under
the electric field. Comparing the displacement of the three-phase boundary formed at each inner surface and the oil-
water interface in the PVC-C pipe in this study and the PVC pipe in the previous study, there was no significant
difference in the displacement between the two. On the other hand, the onset of freezing occurred in a shorter time than
in the previous study, which was observed in the first large displacement of the three-phase boundary after the
application of the electric field. In addition, freezing relative degree 1 was obtained in less than half the time in the

present study when compared to the results of previous study with the same supercooling and voltage application
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Effect of an electric field on freezing initiation of supercooled water

conditions.
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Fig.1 Experimental apparatus

1 SRR E

Tablel Experimental conditions

£ 1 TR

Room temperature, T [C] 25+0.5
Supercooling degree, AT [C] 3.5,5.0,65+0.2
Applied voltage, U [kV] 20, 25, 35

Inside diameter of thermal storage pipe, d 2

[mm]

Diameter of wire electrode, ¢ [mm] 0.3

Volume of water, ¥, [mL] 26

Volume of silicone oil, ¥, [mL] 26
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Fig. 2 The behavior of three-phase boundary under electric field,
photographed from positive wire electrode side (U =35
kV, T=25%0.5 C).
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Fig.3 Relationship between elapsed time after electric field
application and displacement (U = 35 kV, T =25
+0.5 °C) (The bracketed numbers in the figure correspond

to the pictures in Fig.2.).
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Fig.4 Behavior of the three-phase boundary when voltage is
applied to the wire electrodes outside the pipe at both
ends (U=35kV, T=25+0.5 C).
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Fig.5 Relationship between elapsed time after electric field
application and displacement (U = 35 kV, T =
25+0.5 C).
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Fig.6 Observation of three-phase boundary behavior and frozen
nucleation by electric field under supercooled condition
(U=35kV, AT=5+0.2 °C, Taken from the cathode
side).
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Fig.7 Relationship between elapsed time after electric field
application, number of frozen samples per second and
relative frequency (U = 35 kV).
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Fig.8 Relationship between elapsed time after electric field
application and number of frozen samples per second and
relative frequency (AT=-5+0.2 C).
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in a PVC pipe with oil and water repellent inner coating
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Fig.9 Relationship between elapsed time after electric field
application and relative frequency (AT =-5+0.2 C).

B 9 FELS G- ORIERERI T 2 W EI & OBfR (AT
=-5+02 C).

4. BhHYIC

B - BAREEZ AT INEEZ S OEERENIC, k&P
a— U ilE AN TS N D MAKRE & FNE & 25K
2 ZFHBE S T OBFEBRLAB R 2 W - 7o i HEN O
FEL LT, BHMIEE LIRERICEELEZEMLT,
BNOBGBHKICESRZM5 L. 20 L &0 ZFERD
ElhEEEh e L ORI EIK OHFEBRLE, FRCEM LEEE
Bt 5.0 bR E CORIBRICE S E Y T CERIIC
et LA, DT oMz,

(1) PVC &N & AR R AR OZENL & ik
LC, ABF4ECTHV = PVC-C BRI O N IT R E <1X
Ebbiaw., —F, A E TCORMIPVCE LY
L. BT HRICA LD ZHERORIOKRE N
EALOR TIZIFHAE R A R TE 7.

(2) WHEIE S X OEIIEEME UEMHT T PVC & Of
BL T 5 &, AKBFZED PVC-C & TIL4 LA T D%
[ CHRE A B S 1 A 157z,

(3) WHAENEE 3.5 °C, HINEJL 35kV THUEH%HEE$L 0.85,
WEHEE 5.0 °C, HUNEE 25kV CHAEH*EEK 0.95
&7, PVC-C &1L, WmHE R I OHUINEE O
WKATHDZ EIIRENT.

(4) B TOEBROFES, Elo =EER 0K B0 &
1, BEMHGEBICERKERY, OB mm RE
T 5.

(5) Z—T 4 7 EKEIZMMPBHERR T X, PVC-C OEAIH
BCRAELLZEEDND. BEAI=ALL, a—TF
4 TN XD R TR, ZOMMIZLDER
RIBZZ T TS ATREMENR D 5.
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