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Abstract

Trepang is widely recognized by consumers for its high therapeutic and medicinal value, and instant
trepang as a convenient and deep-processed trepang product has high economic value and broad
market prospect. However, it is prone to autolysis during the transportation and freezing process,
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causing serious quality deterioration. Therefore, it is important to study the freezing process to op-
timize the freezing process, improve the product quality and reduce energy consumption. In this
paper, we establish a numerical model of the freezing process of trepang, consider the porous me-
dium matrix of trepang, and predict the changes of temperature field and moisture content during
the freezing process by using variable physical parameters and equivalent specific heat capacity
method. Experimental validation showed that the mean sum of squared differences between the
simulated and experimental values of trepang central temperature was 1.24, the relative error of
freezing time was 4.35%, the relative error of freezing rate was 7.06%, and the relative error of
average moisture content after freezing was 0.75%, indicating that the numerical model matched
the calculation method. The optimization of the process parameters (freezing environment temper-
ature, surface heat transfer coefficient) for the freezing quality of trepangs was then discussed, and
the preferred process parameters were selected in the range of (-40°C, 58.35 W/(m2-°C) to -26°C,
108.35 W/(m2-°C)), when the trepangs could pass the maximum ice crystal generation zone within
30 min and had a freezing rate of more than 50 mm/h.
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Figure 1. Sample of instant trepang
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Figure 2. Schematic diagram of the freezing experiment
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Table 1. Parameters of experimental equipment
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Figure 3. Schematic layout of measurement points (mm)
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Figure 4. Physical model of trepang
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Table 2. Parameters in numerical simulation
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Figure 5. Model mesh generation
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Figure 6. Comparison of experimental and simulated values of
trepang temperature at each measurement point
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Table 3. Comparison of simulated and experimental values of freezing rate and freezing time in trepangs
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Figure 7. Temperature distribution of internal section of trepang at different moments
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Figure 8. Comparison of simulated and experimental values of water content during freezing of trepangs
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Figure 9. Distribution of water content in the center section of trepang at different moments
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Figure 10. Effect of surface heat transfer coefficient and freezing ambient temperature on freezing time
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