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follows from:

Dmeasur'ed, bulk
€air, bulk = 1~ (3)
Pnpe
3.0 SPECIFIC HEAT OF PRODUCT AND BULK
3.1 Temperature above the initial freezing point

The specific heat of product and bulk are almost equal because of the ne-

glect of the mass of enclosed air. The specific heat is:

Cpr = bulk ~ Z(Ci' gi) (4)

3.2 Temperature below the initial freezing point

Now the water and ice fractioms vary with temperature, The relation

between ice fraction and temperature is given by the law of Raoult (3)(4):

g = 1-— (5)

The specific heat is:

¢ (1-g,) +cg (1-g) +ceaie g -

pr = bulk © Csolids i i W
dg%

r . L

0 W dt

(6)



(6)

Differentiation of equation 5 to t gives:

dg% tf

= . . (7)
dt t?

.while the specific heaﬁ of the solid components {(not ice) is:
z(gi . Ci)
c . (8)
sol1ds I,
1

4.0 THERMAL CONDUCTIVITY OF PRODUCT

We use the equation of Eugen-Maxwell (5):

2-A1+A2-2-52(A1-A2)

= ')\1 (9)

A
1+2

The index 1 is related to the continuousphase and 2 to the disperse phase.
Table 2 points out which components have index | or 2 in the different

calculations, if 9 > 0,5.



(7)

Table 2

;qun:- un;;;wuluv A1+2 Al Az £9

tion

9a t > tf flesh water protein protein + fat

9 t>t, product flesh air air

9C t g tf - AT flesh ice water water + carbohydrates
9d t g tf - AT product flesh air air

9o all t bulk product air air

The value of AT is approximately 0,5 K. The calculation of Abu]k (t « tf)

foliows 3 steps: lst 9C’ 2nd 9d, 3rd 9e.

The volume fraction of protein, fat and carbohydrates are:

£, = e Q. (10)

The volume fraction of water below the initial freezing point is:

= ot gt (1-a) (1)
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5.0 : THERMAL DIFFUSIVITY

. The thermal diffusivity is for all temperatures equal to:

(12)

6.0 ENTHALPY

At t = 0°C the zero point for the enthalpy of foods is chosen. Above the

initial freezing point.tf the enthalpy is:

h=t-2(c; - g | : (13)

Below the freezing point:

t .
A TR A Z(e5 * 94) (14)

Substitution of equation 6 and 7 in equation 14 gives:

= - - - « - . . ‘ t «® - -h .. t
= Coo1ias (178 (E78p) ¢ oyrgyrtetlags + cpogy  (Eotg) ~ gy lngs

: |
- Torgyt (Imp) * tptE(estgi) f (15)
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7.0 EXAMPLE

The example is given for apple. Figure | to 5 give the results of the
calcglations. Report 1919 (6) discusses the difference between calculation
and experimental values above the freezing point, and report 2025 (7) shows that
& the calculated enthalpy is in good agreement with the measured enthalpy

below the freezing point.
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SYMBOLS AND DIMENSIONS

9.0
a m?/s
c J/ (kg + K)
g kg/kg
h J/kg
ry J/kg
t Oc
0
tf C
AT K
m3/m3
W/ (m * K)
P kg/m?

Wageningen, 20-09-1978 —GvB/WV/jl

thermal diffusivity
specific heat

mass fraction
enthalpy

latent heat of fusion

temperature

initial freezing point

temperature difference
volume fraction
thermal conductivity

density




_11—

Composition of the apple

frac-  density specific heat

component tion  kg/mS  kd/(kg-K)
protein (in g) 0.000 1380 1.900
fat (in g) 0.000 930 1.900
carbohydrate (in g) 0.100 1550 1.220
Ca (in mg) 0.000 2400 0.840
Na {in mg) 0.000 2400 0.840
K {in mg) 0.001 2400 0.840
rest (in g) 0.028 1550 1.220
water (in g) 0.870 1000 4.182

Initial freezing point: -10C
Density and porosity

product bulk

density  {in kg/m3) 800 500
porosity {(in % ) 23.7 37.5
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Thermophysical properties of the apple
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Explanation of symbols and indices:
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enthalpy
specific h
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thermal conductivity
thermal diffusivity

of product
of bulk
ice fracti
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0-50 ........ 9.57E‘_09 41-é ........................
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0.83 4. 99E-07 ~~ " 96.5 :
0.85  7.78E-07 97.1
0.87 " 848E-07 9746
0.89 9.05E-07 98. 0
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