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Fundamental Study on Cold Energy Release by Direct Contact
Heat Exchange between Ice Water Slurry and Hot Air

X No. 00-0154

Shigeo AOYAMA*® and Hideo INABA

** Engineering Center, Matsushita Refrigeration Company,
4-2-5 Takaida Hondori, Higashi-Osaka, Osaka, 577-8501 Japan

This paper has dealt with direct contact heat exchange characteristics between ice water slurry
(average ice particle diameter : 3.10 mm) and hot air bubbles. The hot air bubbles ascending in the
layer fluidized the ice water slurry layer, and the bubbles were cooled down directly by the ice water
slurry. The following results were obtained from the experiment. In case of ice water slurry layer,
the hot air bubbles fluidized the layer in earlier stage and heat exchange performance was higher than
using only ice particles layer. The maximum temperature efficiency increased as Reynolds number
Re increased because fluid in the layer became active and kept at the fixed value in the region of Re
=2900. Dehumidity efficiency increased as modified Stefan number and Re increased since the heat
capacity of inlet air and heat transfer coefficient increased. Some empirical correlations for tempera-
ture efficiency, dehumidity efficiency and the completion time of latent cold heat release were derived
in terms of various nondimensional parameters.

Key Words: Slurry, Moist Air, Packed Bed, Direct Contact Heat Exchange, Temperature
Efficiency, Dehumidity Efficiency, Cold Energy Release
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Fig.1 Schematic diagram of experimental apparatus
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Fig.2 Ice particles
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Tablel Experimental condition

Mass of ice particles m; :0.12~0.53 kg
Mass of water m, :0~1.51 kg

Ice Packing Factor B :0.15~1.00

Layer height Z :0.05~0.21 m
Volumetric air flowrate ¥, :(0.67~3.17)x10° Nm®/s
Inlet air temperature T :30~46 C
Inlet air relative humidity & ,;,, : 7~87 %

Inlet air absolute humidity x,, :0.004~0.046 kg/kg'
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(a) View of melting process
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(b) Schematic figure of melting condition

Fig.4 Melting behavior of ice particles
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Fig.5 Melting behavior of ice particles with water
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Fig.6 Time histories of outlet air temperature,
humidity and ice particle layer temperature
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Fig.7 Variation of transmitted heat with time
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Fig.10 Time history of outlet air absolute humidity
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