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3. Nominal freezing time
4. Effective freezing time
5. Moving boundaries problem
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1. Plate freezer
2. Air blast freezer
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Table 1 Thermo-physical data for hamburger patty

Property Value
Thermal conductivity of unfrozen product 0.47 W/m. °C
Thermal conductivity of frozen product 1.56 W/m.’C

Heat capacity of unfrozen product
Heat capacity of frozen product

3100 J/kg. °C
1500 J/kg. °C

Density of unfrozen product 1045 kg/m’
Density of frozen product 1010 kg/m’
Latent heat of fusion 333600 J/kg
Bound water 5%
Initial freezing point -2.52°C
Moisture content 66.3%
Protein content 14.2%
Initial temperature 20°C
Heat transfer coefficient 15 W/m*C
Number of node in axial and radial direction 11

Table 2 Experimental test conditions and results for ground beef patty freezing

. Medium Surface heat transfer Sample Freezing Nominal Effecpve
Freezing . . L freezing
method temperature coefﬁzcwnt thickness rate. freezin g time time
(°C) (W/m~. °C) (mm) (°C/min) (min) (min)
Air blast -18 15 18.0 0.22 77 min 113 min
Alr blast -35 15 18.0 0.71 24 min 41 min
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1. Slow freezing
2. Quick freezing
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Fig 2 Thermophysical properties of Hamburger patty as a function of temperature: ice fraction, apparent specific
heat and thermal conductivity.
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Hamburgers are one of the most widely consumed meat products in the world. The
shelf life of this product is rather short, therefore the freezing process is commonly
used to reduce water activity and prevent the growth of microorganisms. Accurate
temperature prediction during freezing is important in designing optimum cooling
procedures and to avoid quality deterioration. Models for predicting freezing times
range from relatively simple analytical equations to the more complicated numerical
methods which require a lot of computing time and a sophisticated computer. In this
research, thermal properties of hamburger, including ice fraction, thermal
conductivity and specific heat were determined mathematically and then the freezing
process of hamburger patty was investigated by two different numerical models
(finite difference& finite element). The results were compared with experimental
data and it was found that although both two models could reasonably forecast the
temperature of hamburger patties during freezing, the finite element model
demonstrated better goodness of fit than finite difference model. This study shows
that the use of CFD packages such as COMSOL software can be considered as a
suitable option for the estimation of freezing time of meat products.
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