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Abstract

To analyze the freezing phenomena of foodstuffs, the numerical freezing model with 3 steps was estab-
lished. When water and 2% agar gel were used as samples, Neumann's solution was well matched with ex-
perimental results by the numerical model. However, in the case of 20% gelatin gel and pork meat,
Weiner's solution was better than Neumann's solution. This numerical freezing model was proved to be
good model to describe the freezing phenomena with phase change in the point of versatility and precision.
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Fig. 1. Schematic diagram of cooling bath.
1. Expansion value 7. Copper cooling plate

2. Sample 8. Heater
3. Sample container 9. Refrigerant pipe
4, Stirrer 10. Lid

5. Insulating vessel
6. Thermocouple

11. Thermocouple for
temperature control
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Table 1. Summary of the predicted thermal properties and the latent heat of experimental material used

Material Ktkcal/m-h-°Q) p kg/m) p (keal / kg° Q) a (m?/h) L (kcal / kg)
Water Frozen 1.950 918 0.488 4.44%x10-3
Unfrozen 0.476 1000 1.000 4.76 x 10-4 80
2% Agar Frozen 1.880 922 0.473 4.31x10-3
gel Unfrozen 0.473 1003 0.986 4.78 X 10-4 79
5% Agar gel  Unfrozen — 1013 0.972 - -
20%Gelatin Frozen 1.260 980 0.444 2.89%x10-3
gel Unfrozen 0.432 1053 0.860 4.77 x10-4 >
Ground Frozen 0.780 978 0.445 1.79%10-3
pork Unfrozen 0.387 1043 0.833 4.45x10-4 4




210 g - AA-

—
O Measured
--- Neumann

—:~ Neumann with 8.0.

—— Weiner

Temperature, T

Time, hr

Fig. 2. Freezing curve of water measured and computed by
Neumann's solution, Neumann's solution with bulk
dilation and Weiner s solution (Ti = 5° C, Tc = -10° C).
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Fig. 3. Freezing curve of 2% agar gel measured and comput-

ed by Neumann's solution with bulk dilation and
Neumann’ s solution with bulk dilation considering
boundary condition (Ti = 5°C, Tc =-10°C).
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Fig. 4. Freezing curve of 20% gelatin gel measured and com-
puted by Neumann' s solution and Weiner' s solution
(M=5"C, Te=-10°C).
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Fig. 5. Freezing curve of ground pork measured and comput-
ed by Weiner’ s solution in the melting range at 0°C ~
S°Cand 0°C ~-7°C (M =10°C, Te = -20°C).
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Table 2. Average temperature between experimentally measured and computed for water and 20% gelatin gel (T'=5°C, Tc = -
10°C) .
Water 20% gelatin gel
X, Neumann Neumann with B.D. Weiner Neumann Neumann with B.D. Weiner
m AT* O/D** AT* 0/0** AT* %** AT* O/()** AT* 0/0** AT* 0/0**
0.01 -0.58 -39 -0.59 -39 -1.38 -9.2 +3.38 +22.5 +3.36 +22.4 -1.25 -8.3
0.02 -046  -3.1 ~-0.53 -3.5 -1.72 -11.5 +2.52 +16.8 +2.41 +16.1 ~1.77 -11.8
0.03 -0.29 -19 -0.34 -2.3 -1.69 -11.3 +2.08 +13.9 ~-1.38 ~12.2 -1.24 -83
Aver- -0.04 -29 -0.49 -3.3 -1.60 -10.7 +2.66 +17.7 +2.53 +16.9 ~1.42 -95
age .
*AT = [ Computed - measured | (°C)
*% = AT/(Ti-Tc) X100 (%)
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Fig. 7. Freezing curve of 20% gelatin gel measured and com-
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