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Abstract
The objectives of this investigation were to develop an improved analytical method and to
review with respect to experimental parameters and thermo-physical properties influencing
the freezing time prediction. The results indicate that the relationship between freezing time and
product size is dependent on the surface heat transfer coefficient. As the magnitude of surface
heat transfer coefficient decreases, the influence of product size on freezing time becomes more
profound. But the freezing time does decrease slightly as the coefficients are increased to values
greater than 150 w,/m?C. In addition, influence of thermo-physical properties on the freezing
time prediction shown generally density, water content, specific heat and thermal conductivity, in
order of % difference. Multiple linear regression equation for freezing time prediction were
obtained with respect to 4 different food materials with varying thichness.
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Table 1. Thermo-physicol data of freezing test materials
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Pine mushroom Arksheit Ground lean beef Ground pork

P (kg/m?) 952.2 1062.6 1051.5 1054.3

Kku (W/m°C) 0.48 0.46 0.44 0.45
xs (W/m°C) 1.56 1.44 1.30 1.33
Cu (J/m® °C) 3.81 x 108 3.52 x 10° 3.40 x 10° 3.36 x 10°
Cs (J/m® =C) 1.83 x 108 1.85 x 10° 1.80 x 10° 179 x 10°
L U/m¥) 29.5 x 10 ¢ 266 x 10 ® 255 x 10 ¢ 251 x 10 ©
Tf (°C) -0.9 -2.2 -1.2 -1.7

W (%) 88.3 79.8 76.1 75.1

F (%) 0.3 0.5 2.0 6.7
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Table 2. Influencing factors for freezing time prediction

. Thermal properties of the material.

. Size of the object.

. Initial temperature of the material.

. The freezing medium temperoture.

e. The surface resistance to heat transfer as defined by the
surface heat tronsfer coefficient.

f. The geometric configuration of the object.

g. The final temperature ot the geometric center ot the
completion of the phase change process
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Fig. 1. Intluence of product size on freezing time
prodiction.
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Fig. 2. Influence of initial product temperature on freez-
ing time prediction.{Ta=-40°, h=27.4W_m?°C)
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Fig. 3. Influence of freezing medium temperature on
freezing time prediction.(Ti=20°C, D=0.01m, h=27.
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Fig. 4. Influence of surface heat transfer coefficient on
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Fig. 5. Influence of thermophysical property changes on the predicted freezing curve of Arkshell.
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Table 3. Freezing time equations by mutiple regression analysis
Test material Thickness (cm) Equation R?
Pine mushroom 3.5 Y=22.743 + 4593.075X, + 1.582X: 0.959
2.5 Y¥=31.507 + 3570.529X, + 1.329X,; 0.904
Arksheli 3.5 Y=72.569 + 5820.763X; + 2.504X; 0.848
2.6 Y¥=19.336 + 3182.623X, + 1.082X, 0.890
Ground lean 3.0 Y=42.829 + 3651.647X; + 2,136X2 0.943
beef 1.5 Y=44.141 + 2768.315X, + 0.700X. 0.958
Ground pork 3.C Y=64,560 + 4702.008X, + 2.295X: 0.833
1.5 Y=28.140 + 1844.487X, + 1.438X, 0.857
Y =freezing timelmin.) to -18°C
X, =reciprocal of {Tf-Ta in °C)
X, = initial temperaturel"C}
RZ=mutiple correlation coefficient
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