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Mathematical Treatment of Heat Transfer
During Freezing of Food

N B~ OpF
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Summary
The accurate prediction of heat transfer during freezing of food is greatly useful for the determination
of proper handling of procedures of frozen food. On freezing of aqueous solutions, solute is rejected at the
solid-liquid interface and diffuses into liquid partin cells, so the solute concentration increases, This
induces many characteristic phenomena in freezing of food, such as a depression of freezing temperature,
an appearence of freezing zone, ice crystalization due to a constitutional supercooling, and etc,

In this paper, freezing of cellular material including agueous solutions is investigated experimentally and
analytically, as a fundamental study on freezing of food.

By experiments of freezing of the aqueous solutions of sodium chloride, three regions—a solid, a solid-
liquid and a liquid—were recognized to coexist together in the freezing process, In the solid-liquid region,
when freezing proceeds, freezing fronts were found to occur stepwise within several adjacent cells,
Furthermore, the mechanism of the freezing process was clarified in connection with the constitutional
supercooling of the solution, The analytical solutions for the freezing problem of saline solutions were

obtained by an approximation of using apparent heat capacity involving latent heat of fusion released in the
solid-liquid region,
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