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Fig. 4 Formed ice for 40 hours.
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Fig. 5 Ice growth and temperature.
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(a) polarizing view
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Table 1 Experimental result according to cooling conditions.

Radiation  (vacuum contact layer)
Expl Exp2 Exp3 Exp4

a) Temp. [°C] -37 (Peltier) -37 (Peltier) -65 (Dry ice) -37 (Peltier)
b) Growth rate [mm/h] 0.90 49
¢) Insulation Covered Covered
d) Horizontal —r— ==
cross-section [ 4
(Crystal)

ey

e S

¢) Babble form, size

Linear streak, <0.5 mm

Linear streak, <0.5 mm

f) Side view
(Babble)
Conduction (acrylic contact layer)

- Exp5 Exp6 Exp7
a) Temp. [°C] - -3.5 (Peltier) -7.5 (Peltier) -37 (Peltier)
b) Growth rate [mm/h] - 1.7 5.1 14
¢) Insulation - Covered Covered
d) Horizontal
cross-section
(Polarizing view)
) Babble form, size “ Random, <2.0 mm Random, < 3.0 mm
f) Side view

siYellow arrows show liquid/solid border.
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Fig. 7 Ice growths in varies cooling conditions.
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Fig.8 Theoretical approach for ice growth process.
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Study of ice growth under radiation cooling
Seiji KammMura® and Shingo HosHING?
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Abstract: In general, ice growth during industrial manufacturing of ice is governed by heat
conduction and/or heat convection. Although radiation cooling is observed in nature, e.g., ice
formation on roads under cold conditions, radiation cooling has not been employed in the manufac-
ture of ice. The aim of this research is to investigate ice growth under radiation cooling. First of all,
an experimental setup is developed and tested. The experimental apparatus consists of a low-
temperature heat source, a water tank, and an insulation box. The insulation box is placed between
the cold heat source and the water tank in order to prevent conduction and convection of heat
between them. The formation of frost on the cold heat source is prevented by reducing the pressure
inside the insulation box. Experiments are carried out in a low-temperature room in which the
temperature maintained at approximately 2°C. The ice formed is photographed at various stages of
its growth using a CCD camera. The first crystal forms spontaneously several hours after the
cooling is started. The ice growth rate is almost constant along the vertically direction, and the ice
formed is approximately 20-mm thick after 40 h. The average growth rate of ice is found to be 0.56
mm h~'. The ice formed appears to be almost perfectly transparent with no bubbles. A cross section
of 50 mm X 50 mm of the ice is found to be composed of a single crystal with the c-axis along the
vertical direction. The growth rate of ice under conduction cooling reduces with increasing ice
thickness, although it under radiation cooling is maintained almost constant. Involving bubbles
inside of the ice under radiation cooling is smaller than them under conduction cooling.

(2008 41 4 F 24 HE2AF, 2008 4R 7 A 9 HRIS2A+, 2008 4F 7 F 17 H2#, F3mIRR 2009 42 3 A 15 H)



