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1. Transient Temperature measurement
2. Mass-loss-rate and psychrometry method
3. Heat flux sensors
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4. Sparse Nonlinear Optimizer
5. Sequential quadratic programming
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6. Apparent Specific Heat
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Table 1 Chemical composition of potatoes

Component Percentage
Moisture 79.8+0.04
Protein 2.5+0.02

Fat 0.5+0.04
Ash 0.25+0.05
Carbohydrate " 16.94
*(100-Fat-Moisture-Carbohydrate-Ash)

Mean+Std
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Table 2 Thermophysical properties of potato

Thermal properties

Value

Bound water
Unfreezable water (%)

Initial freezing temperature (°C)
Density of unfrozen sample (kg/m")

Density of frozen sample (kg/m’)

Thermal conductivity of unfrozen sample (W/m °C)
Thermal conductivity of frozen sample (W/m °C)
Specific heat of unfrozen sample (kJ/kg °C)
Specific heat of frozen sample (kJ/kg °C)

Latent heat of fusion (Peak) (kJ/kg)

0.18
213
-1.05
1075
1010
2.02
0.55
3.65
2.78
137.27
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7. Effective freezing time

v

Density (kg/m?)

Apparent specific heat (kJ/(kg*C)

1090 25

[ = [N}
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Thermal conductivity (W/(m°C)

=
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Temperature (°C)
Fig 1 Density and thermal conductivity of potato as a

function of temperature
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(1]
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Fig 2 Apparent specific heat of potato as a function
of temperature
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Table 3 Freezing time predicted by three different models and freezing rate calculated in two different
freezing system

Still air Air Blast
Freezing time to reach -20 (°C)- Plank model (s) 4296 1644
Freezing time to reach -20 (°C)- Pham model (s) 7240 2873
Volumetric enthalpy in pre-cooling (AH,) (J/m®) 108587880 85071420
Volumetric enthalpy in phase change and post-cooling (AH,) (J/m®) 315908049 316421235
Freezing time to reach -20 (°C)- Finite element model (s) 6250 2630
Freezing time to reach -20 (°C)- Experimental (s) 6669 2709
Freezing rate (°C/min) 0.44 1.07
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Fig 3 The relationship curve of Error and iteration
number
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Fig 4 Comparison between temperature profiles of
potato between finite element model and
experimental
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Specific heat (J/kg.K)
Averaged heat transfer goefficient at surface
(W/m~K

Thermal conductivity (W/m.K)
Latent heat of fusion (J/kg)
Radial coordination
Determination of coefficient
Root mean square of error
Time (min, s)
Temperature (°C, K)
Mass fraction of chemical composition of potato
Axial coordination
Greek letters
Volume fraction
Density (kg/m’)

Characteristic dimension

Moisture content
Molecular weight of water
Nusselt number
Biot number
Shape factor
Prandtl number
Universal gas constant-shape factor
Reynolds number
Volumetric enthalpy
Temperature gradient
Subscript
Bound
Carbohydrate
Experimental

Freezing temperature

Chemical composition, ice
Water in liquid state
Protein
Predicted
Solid materials
Total water

Water
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ABSTRACT

ARTICIE INFO

In this study, three mathematical models (Plank, Pham and numerical model
(finite element)) were used to predict the freezing time of potato samples. In order to
develop the numerical model, thermophysical properties (density, thermal
conductivity and specific heat) were predicted as a function of sample composition
and temperature. Convective heat transfer coefficient was also estimated using the
inverse problem method and dimensionless numbers. The results showed that the
time calculated by the numerical model was the most accurate among three models
and in the next step the best model was Pham model. In addition, an excellent
agreement was obtained between observed temperature and temperature predicted by
the numerical method in different freezing methods. In conclusion, the developed
numerical model predicts the freezing temperature of potato samples correctly and
can be used to simulate the freezing of suspended food in the air. In addition, the
inverse problem method developed to predict convective heat transfer coefficient can
be used in different freezing systems in order to choose the best system or optimize
the process of food freezing.
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