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The Study of Heat Exchange between Air and Snow Block
with a Vertical Hole
(The Effect of Air Flow Rate on Heat Exchange Characteristic)

Kazuaki IIJIMA*®, Masayoshi KOBIYAMA, Ai-Rong WANG,
Yutaka HANAOKA and Masahiko KAWAMURA

** Sanki Engineering Co., Ltd., 17427 Shimotsuruma Yamato, Kanagawa, 242-0001 Japan

It is very important to use many kinds of natural energy resources to keep environment clean and
to reduce the energy consumption. Many simple and skilful methods to utilize the natural energy
have to be developed. The authors have been proposing to utilize snow stored till summer as one of
the natural cold and clean energy resources. In this study, the authors investigated the characteristics
of direct heat exchange between hot air and snow block with a vertical hole. This heat transfer
model, so called as the snow cooling system, may be applied to various air-conditioning systems of
conventional living room and so on. As the heat transfer process of this model is very complicated
because the shape of the snow block changes by the progress of melting, the characteristics of the
direct heat exchange were investigated by the experiment with a model of practical scale. The outlet
air temperature through the snow hole and snow melting process were measured for various air flow
rates at constant inlet air temperature 30°C. Experimental results show that the outlet air tempera-
ture from the snow cooling system was almost constant and enough lower to use for the actual air
conditioning situations. Heat transfer coefficients on the snow surfaces of top plane, bottom plane
and side wall of the snow hole were clear by those experimental results, and the correlative equations
between the overall Nusselt number and the Reynolds number are presented for three surfaces
mentioned above.

Key Words: Natural Cold Energy, Snow, Air-Conditioning, Direct Heat Exchange, Temperature
of Cooled Air, Heat Transfer Coefficient
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Fig.1 Schematic diagram of experimental apparatus
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Fig.2 Section of snow storage box
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Fig.3 Outlet air temperature
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Fig.4 Total heat exchange rate
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Fig.5 Height and diameter of snow block
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Fig.7 Surface area of snow block
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Fig.9 Effect of air flow rate on change of the snow
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Fig.10 The Effect of air flow rate on heat flux on
top and bottom surface of snow
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Table 1 Heat flux on top and bottom surface of snow

block
V LOs Apr qtau AHbm qu
m*s  ke/m® m/h  w/m’ m/h  w/m®
0.0340 513  0.0047 230 0.0024 115
0.0300 630 0.0034 200 0.0017 100
0.0255 466  0.0048 208  0.0017 74
0.0170 490 0.0041 187 0.0015 68
0.0085 470 0.0033 144 0.0007 31
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Fig.11 Heat exchange rate on top and bottom of
snow block
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Fig. 12 Heat transfer coefficient on top of snow block
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Fig.16 Heat transfer coefficient on bole of snow block
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Fig.17 Re and Nu on hole of snow block
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Fig. 18 H/d and Nu on hole of snow block
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