(53)

ki (423 (Cryobiology and Cryolechrology), Vol. 48, No. 2, 119~ 124, 2002

BURRMBOEE TRV I2b—Ya YEFVORRE

K KERERRFEGHERAR, "HRREE BN R
LEm oo, wk fids, g Te #HA BT

Development of Predictive Models to Simulate the Freezing Processes of Food Materials
in the Solution System

Kouji KAMINISHI', Tetsuya ARAKI®, Ryo SHIRAKASHI® and Yasuyuki SAGARA*

! Dept. of Global Agricultural Sciences, Graduate Schoal of Agriculueral and Life Sciences,
The University of Tokya, 1-1-1 Yayoi, Bunkyo-ku, Tokyo 113-8657

! Institute of Indusirial Science, The University of Tokvo, 4-6.1 Komaba, Meguro-ku, Tokyo 153-8505

A simplified numerical model has been developed for predicting freczing processes of food materials, The

model was comprised of the heat transfer equation and the solidification model. assuming thermal equilibrium state

during freezing process as well as the existence of three layers: unfrozen. frozen and moving boundary layer. In

order to investigate the applicabilily of the model, one-dimensional freczing processes of 10% coffee solutions

have been numerically simulated based, on the thermophysical properties of 1 —55% coffee solutions determined

with DSC-method and the theoretical model. such as the initial freezing temperatures. phase diagrams and effective

thermal conductivity. Then. the resulls were in good agreement with experimental freezing curves.
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Extracelloiar variable :

T: temperature  F.q, : extracellular solidification rate
C..: concentration of cryoprotectant mixture
Intracellular variable :

T:emperature  F, : intracellular solidification rate
C. : conceatration of cryoprotectant mixture

V : cell volume
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C: Concentration (w1%) C, : Specific heat (J/kg-K)
F:FractioninEq. (1) (-)

T : Absolute temperature (K), 1: Time (s)
X:Fraction (=), x:thickness (m)

{Greck Letters)

AH: Latent heat of fusion (J-g)

4 : Thermal conductivity (W/m-K)

o : Density (kg'm?)

(Subscripts and superscripis)

¢ : continuous phase, d : disperse phase

e :effective, i:ice, v: volumetric. w: weight
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