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Summary

A numerical model has been developed for simulating freezing phenomena of food solution systems. The
cell model was simplified to apply to food solution systems, incorporating with the existence of 3 parts
such as unfrozen, frozen and moving boundary layers. Moreover, the moving rate of freezing front model
was also introduced and calculated by using the variable space network method proposed by Murray and
Landis (1957).

To demonstrate the validity of the model, it was applied to the freezing processes of coffee solutions.
Since the model required the phase diagram of the material to be frozen, the initial freezing temperatures
of 1-55 9% coffee solutions were measured by the DSC method. The effective thermal conductivity for
coffee solutions was determined as a function of temperature and solute concentration by using the
Maxwell - Eucken model.

One-dimensional freezing process of 10 % coffee solution was simulated based on its phase diagram and
thermo-physical properties. The results were good agreement with the experimental data and then
showed that the model could accurately describe the change in the location of the freezing front and the
distributions of temperature as well as ice fraction during a freezing process.
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NOMENCLATURE

: Concentration, wt%

: Specific heat, J/(kg-K)

: Massive ice fraction, -

: Volumetric ice fraction, -
: Material thickness, m

: Moisture content, %owt

I i B I

: Location of freezing front, m

S : constant defined in Eq.(12), -
T : Temperature, K

t : Time, s

X : Fraction, -

x : Location, m

(Greek Letters)

4H  : Latent heat of fusion, J/kg

A : Thermal conductivity, W/(m-K)

Ae : Effective thermal conductivity, W/(m-K)
p : Density, kg/m®

(Subscripts and superscripts)
c : continuous phase

cs : cooling surface

d : disperse phase
eu : eutectic
/2 : freezing point
i :ice
l : liquid
s : solute
w : water
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Freezing Model for
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Simplification of cell model for soluble materials
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Fig.2 Phase diagram to determine ice fraction
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Thermal Conductivity (W/m-K)

A 0.5711+1.763%107 6-6.704x10° 6°

vy 2.220-6.249x10° 6+1.015%107 6°

Ay 0.353

Density kg/m’)

D 997.2+3.144x10° 6

pi 916.9-0.13076

ps 1400

Specific Heat (J/kg-K)

Cp 1680

C, 4200%(1-C) + 1680xC (Unfrozen state)

4200%(1-C-F ,,) + 1680xC+2110%F ,,
(Frozen state)

Thermo-physical Properties in Eutectic Point of 10% Coffee

1. 2.166 (W/m *k)

c,” 2174 (J/kg*K)

™ 958.5 (kg/m°)

F,* 0.925

T, -1.175 (C)

Table.1 Thermo-physical properties of coffee
solution
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Fig.7 Experimental temperature distribution in
freezing process of 10% coffee-solution
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