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Supercooling of Water Droplets 

Motoi KUMAI and Kazuhiko ITAGAKI 

(Received February 20, 1957) 

In the course.of investigation on supercooling, the freezing point of water droplets 
was measured by means of the thermo-junction and galvanometer method so that the 
reading could be taken rapidly. The water droplets ranged in diameter between 
1.5 mm and 3 mm. The droplet was supported on the thermocouple junction; the 
measurement was repeated about 20 times for each of the droplets: In· the present 
report the results of about 704 measurements with respect to 34 droplets are described. 
Distilled water was usually employed. The frequency curve of freezing points showed 
the maximum at -100e or at -18°e in most cases, although the individual values 
varied in the .wide range between - 1"e and -23°e. The former maximum was obtained 
when a soldered thermo-junction was used, and the latter was observed when the 

junction was coated with vanish. 
The temperature of the water droplet varying between -0.2°C and -0.5°C while 

it is freezing is kept constant for each of the Sal:nples. 

§ 1. Introduction 

The physical nature of the freezing process of water is not 
yet fully understood, although a number of theoretical and experi
mental. inquiries have already been undertaken. We are still far 
from being able to form a unified picture of the mechanism of 
the phase transition of water. The primary subject in this problem 
concerns the freezing of supercooled droplets. The experiments 
here described were begun in· the summer of 1952 and were 
recently concluded. The freezing temperature of water droplets 
were varied by the conditions, viz., the methods, the volume of 
water, the cooling rate etc. KOTO!) (1943) measured the freezing 
temperature of droplets O.5~O.6 mm in diameter. The droplet 
was made on a thermoelement by condensati~n of water vapor, 
which was supplied from the water vessel placed below. The 
supply of water vapor was adjusted by controlling the temperature· 
of water in the vesse1. The water was kept at the temperature 
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sooe or 25°C, and the droplet was made at either of the two 
·temperatures. The freezing temperature was influenced by the 
temperature of water in the vessel, and the diameter of droplets 
was not important. The maximum frequency of freezing was at 
-S.4+2.3°e when the water temperature was' kept at sooe, and 
-20.2+2.0oe when it was 25°C. These values were determined 
by KOTO from 25 measurements. 

In the present experiment, the freezing temperature was 
measured by the thermo-junction, to which the distilled water 
droplet was hung directly. 

§ 2. Freezing point of supercooled water droplets 

The experiments were conducted in a DEWAR'S vessel. The 
freezing point of water droplets was measured by means of thermo
junction (copper/constantan, diameter 0.1 mm) and galvanometer of 
0.2 sec period. A water droplet was hung on the thermojunction. 
The diameter of the droplet varied between 1.5 mm and 3 mm. 
The measurements were repeated about 20 times in avarage for 
each droplet. The total number of measurements was 704 with 
respect ~o 34 droplets. The cooling rate of these samples varied 
between 0.03°e/sec and 100°C/sec. The water was mostly the dis
tilled; but in two samples the distilled water filtered with porcelain 
was used and in three cases water treated with ionexchange resin. 
But no significant difference were found among them. 

i) The fluctuation of freezing point of the water droplet. 

The freezing and melting were repeated about twenty times 
for each droplet, and the fluctuation of freezing point of the water 
droplet was measured. The mode of the fluctuation was classified 
into two types. The one is the smaller range fluctuation as shown 
in Fig. 1 (M) and (P). The range is within about 3°C. This phe
nomenon occurred in the two temperature ranges of -9°e~-12°e 
and -17°e~-19°e. The other is the larger range fluctuation as 
shown in Fig. 1 (F) and (V). The range is about Soe~17°e. In the 
latter case, the freezing temperature is always high at the begin
ning and then becomes. almost constant as seen in Fig. 1 (V). But, 
sometimes it does not become constant as is shown in Fig. 1 (F). 
Type (M) or (P) was observed in 9 examples, (F) or (V) in 25 examples. 
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Fig. 1. The fluctuation of freezing temperature of water droplets. 
(F) and ,(M) were measured by soldered thermojunction. 

, (V) and (P) were measured by soldered thermojunction. ' 

ii) Effect of vanish film coating the junction. 

Two sets of thermo-junctions were prepared. Both were 
soldered, and the one was used as it is while the other was coated 
with vanish film. The measurement of freezing point was carried 
out by, using either the soldered thermo-junction or the coated 
one. Without coating the maximum in the frequency curve KJ of 
freezing point is at -10°C, and curve K2 with coating at -18°C. 
The results are shown in Fig. 2. It is known that some minerals2

); 

for example. Sn SnO and PbCl2 act as nuclei of freezing. The 
difference between the two kinds of junctions described above must 
be due to the material of the thermo-junction, upon which the 
sample droplet is hung. It seems likely that the soldering metal 
of the thermo-junction is active as the freezing nucleus. On curve 
Kl in Fig. 2, 57 per cent in 386 measurements are in the range 
of -lO+2°C. Curve K2 shows that 62 par cent of 318 measurements 
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Fig. 2. The frequency curve of freezing points of 
supercooled water droplets. 
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are in the range of .....:.18+2°C. Fig. 3 shows the present results 
Kl and K2 in Fig. 2, BlGG'S3) result B for 1 mm diameter droplets and 
RAU'S4) result R for the same diameter droplets. The most probable 
freezing point of 1 mm diameter according to BIGG is within -23.SoC 
+ O.5°C. In his experiments, droplet were suspended either at 
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Fig. 3. The frequency curve of freezing points for 1 mm diameter 
droplets (B, R curves) and for 2.2 mm diameter (Kh K2 curves) .. 
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the interface of two immiscible liquids. one heavier and one lighter 
than water or on a hydrophobic film of sillicone oil and. covered 
with liquid paraffin. According to HEVERI,Y,5) the freezing point is 
constant at -16°C for drop diameters fromOA to 1.1 mm, the 
standard deviation being 0.5°0. The curve K2 in Figs. 2 and 3 is 
concordant with the result obtained by RAU. 

§ 3. The temperature of water droplet 
while freezing 

Observations were made on the mode of freezing of supercooled 
droplets. Sometimes freezing started from the surface of the 
droplet. In this case the droplet is deformed into an ice pellet at 
the moment when freezing is completed. This phenomenon was 
occasionally observed in the case of curve K2 in Fig. 2. In the other 
case, curve Kl iIi Fig. 2; it was found that freezing sometimes 
started from the center of the droplet. Before freezing starts,· 
the temperature of water droplet declines gradually according. 

TABLE 1. The temperature of droplet while freezing 

No. of Temperature when Temperature of . Time while the 
droplet while droplet is in 

Exp. freezing started freezing freezing process 

1 - 16.8°C - O.2°C 38 sec 

2 - 21.3 0.8 29 

3 22.6 0.4 30 

4 - 22.6 0.4 22 

5 19.7 - 0.5 22 

6 - 21.4 - 0.4 

7 .- 17.8 0.3 

to the cooling rate. When crystallization starts, the temperature of 
the droplet rises rapidly owing to the latent heat of crystallization. 
The temperature of the droplet during the course of freezing 
is kept at constant temperature.· When the droplets ranged in 
diameter between 1.5 and 3mm and the cooling rate between 0.03 
and 100°C/sec,. the droplets are kept at the temperatures between 

. -0.2° a:nd ~O.5°C. as shown in Table 1. 



Supercooling oj Water Droplets 47 

The authors wish to express their best thanks Dr. NAKAYA 
for his suggestions and kind encour?-gement, also to Miss H. URA
SHIMA and Miss M. MIZUTANI for their help in the measurements. 

Ref erences 

1) Hideto KOTO, Freezing" temperature and phenomena of supercooled droplets. Not 

yet in press. 

2) H. R. PRUPPACHER and R. SANGER, The Mechanism of the process where by under

cooled water droplets are frozen by means of disperse seeding substances. 
Z. A. M. P., Vol. 16, (1955), 407-416. 

3) E. K. BIGG, The suppercooling of water. The Proc. oj the Phys. Soc. B, Vol. 66, 

Part 8, No. 404 B, (1953), 688-694. 

4) W. RAU, tiber den einfiusg des tropfenvolumens auf die unterkiihlbarckeit von 

wassertropfen und die bedeutung des Gefrierkernspektrum. Z.jiir Natttre. 
Band 8 a. (1953), 197-204. 

5) J. R. HEVERLY, Supercooling and crystallization. Trans. Amer. Geoph. Union, 
Vol. 30, (1949), 205-210. 




