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7. CONCLUSION  
 
In this article, heat transfer modeling of food product during 

freezing due to fluid motion on the surface of fish has been 
studied. One of the novelties of this research, applying two 
numerical approaches with constant thermal properties (Case 
1) and variable thermal properties to temperature (case 2), the 
boundary conditions considered for two cases are constant 
temperature and convection heat transfer. The obtained result 
show that there is noticeable difference between experimental 
and numerical data by applying constant thermal properties 
and constant temperature boundary condition and this efficacy 
indicates the inaccuracy of obtained freezing time by 
considering of thermal properties with low accuracy. In 
addition, temperature increasing observed again in initial 
freezing due to releasing of latent heat of crystallization and 
formation of ice crystals. Furthermore, temperature gradient 
and freezing fraction from surface to center because of air 
motion is the same. Also the effect of initial temperature of 
fish on the time of freezing was studied and obtained data 
shows the freezing point of fish due to being insoluble 
materials in humidity of fish is less than water. In initial 
freezing, some amount of water freeze and the concentration 
of remaining solution will increase. With repetition this matter, 
the freezing point of unfrozen part of fish decreases and this 
phenomenon will dominate the freezing phenomenon. 
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