
Table 2: Equations used for evaluation of thermo 
physical properties of food products.
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The main objective of this study is to develop a general model that can account for the food characteristics, the processing and storage 
conditions and predict the freezing and drying times of the food products. 

Food drying and food freezing are the most common and widely used methods to preserve food for later use. Nevertheless, the 
processing of food is complex and still little understood. The processing and storage conditions of food products are highly related to the 
product end quality and also to economic factors. Computer-aided simulation makes it possible to obtain insight into the internal process 
that occurs during food processing and therefore it can be a useful tool for improving the food quality and/or the total economy.

The developed model allows for the evaluation of freezing and sublimation fronts, freezing times, temperature profiles and weight loss 
during freezing and storage of frozen food. It can also be used to evaluate the weight loss during drying of the food products. However, in
order to have a general model that can account for the food characteristics and the processing and storage conditions it is necessary to 
carry out additional work on the moisture migration in food products. While the thermal properties seem to be well-documented for a 
large number of food products, data on moisture diffusivity is difficult to find.

The problem was solved by utilizing heat, mass transfer and moving 
mesh model in Comsol Multiphysics. In order to predict the heat 
transfer, the thermo physical properties of food products are 
evaluated by a composition-based prediction method where the 
thermal properties of a given food product are evaluated based on 
major components found in the food. The mass transfer problem in 
the unfrozen region is solved by the Fickian model and in the frozen 
region by the receding front model that assumes that the water 
movement becomes immobilized and that the moisture sublimates 
first from the surface then throughout the dried area in the food.

Three products were investigated: two vegetables (potato and carrot) and one meat product 
(lamb). The vegetables were exposed to a convective hot air drying process while the meat 
was frozen and the weight loss during frozen storage was estimated. From the model the 
temperature profiles during drying and freezing, drying curves and weight loss curves during 
frozen storage were obtained.
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Figure 1: Centre temperatures and drying curves for carrot and potato.

Figure 2: Temperature distribution in lamb 
during freezing period.

Figure 3: Mass flux of moisture during 
frozen storage of lamb.

Table 1: Applied equations.
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