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Summary

Some stationary open water areas have often appeared within the winter sea ice cover.
The continuous existence of the open water, or polynya, shows that two kinds of phenomena,
namely vigorous frazil ice production and sweeping it away by strong winds simultaneously
occur there. So it is considered that a wind-generated open water serves as an efficient ice
factory much more than the sheet ice growth because a large quantity of heat is released to
the atmosphere from the water surface, and consequently sea ice excludes brine to the ocean
in large quantities. The purpose of this study is to clarify the atmosphere-ocean interaction
through the processes of rapid frazil ice production in the wind-generated open water.

We carried out laboratory experiments to examine the processes of sea ice production as
a function of air temperature (—10°C~ —30°C) and wind speed (2m/s~6m/s). For this
experiment a pleviglass test tank with dimensions of 0.4m (width) x2.0m (length) X 0.5 m
(depth) was filled with 32 per mill salt water and set in a cold room. The artificial wind was
continuously blown over the water surface from one side; and a schlieren optical system was
used to observe the resultant convection in the test tank.

As a result, numerous frazil ice crystals produced in the open water were transported
downwind by the wind-driven current. They accumulated in a layer there and the edge of

the layer advanced upwind as time progressed. The accumulation pattern of frazil ice is
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such that the thickness of the frazil ice layer increased markedly with increasing wind speed.
The rate of frazil ice production increased at a high wind speed and a low air temperature,
in which the wind effect was much larger. At a higher wind speed, a significant amount of
supercooled water formed on the open water surface was efficiently transported into the interior
of the water tank through wind-driven circulation as well as instability in density, which
resulted in the production of a large amount of frazil ice crystals under water. The state of
supercooling did not disappear despite rapid frazil ice production. It is an important process
that a large amount of supercooled water is stored in the water by the heat flux to the air.

Using the schlieren method it was found that excluded brine in the open water was
dragged by the wind-driven current and fell remarkably as it was mixed with surrounding salt
water near the edge of the frazil ice layer. This study suggested that the rate of salt exlusion
as a result of the rapid frazil ice production would be larger than the sheet ice growth and

so convective mixing of underlying water should be active.



