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Abstract

For the accurate prediction of freezing time, probably the most difficult factor to measure and
major error source is the surface heat transfer coefficient. In this work, surface heat transfer coef-
ficient were determined for still air freezing and immersion freezing methods by theory of the
transient temperature method and confirmed by using a modification of plank’s equation to
predict the freezing time of ground lean beef. The results showed the cooling rate of immersion
freezing was about 11 times faster than that of still air freezing method. A comparison of surface
heat transfer coefficient of copper plate and ground lean beef resuited an differance of 25~ 30%
because the food sample surface is not smooth as copper plate. Also,when h-values measured by
ground lean beef were applicated to modified model, the accuracy of its results is very high as dif-

ference of about 8%.
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Fig. 1. The inside of experimental apparatus.
A: Freezer B: PVC box (net type)
C: Acrylic box D: Supporting bar

E: C-C thermocouple F: Materials
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Fig. 2. The establishment position (a - h) of C-C
thermocouple for measuring temperature.

A: Materials
C: Acrylic box

B: PVC box (net type)
D: Supporting bar

Table 1. Combinations of packaging used for deter-
mination of heat transfer coefficient

Combination Layers between Toand T,

No wrapping

M/ W

M/W/F
M/W/F/POLY
M/W/F/POLY/UB

bW R —

M: Testing materials, W: Wrap, F: Al-foil, POLY: Polyethyl-
ene film, UB: Urethane board
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Fig. 3. Experimental freezing curve of ground lean beef
in still air freezing (A: No wrapping, B: Wrap / Al-foil /
Polyethylene film).
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Table 2. Thermo-physical data of ground leon beef
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Kg/m3 W/ me°C W/m°C J/m3°C J/m3°C J/md °C % % %
1051.5 0.44 1.30 3.40x10% 1.80x106 255x10° -1.2 76.1 20.8 2.0
2.0 020 -
O No wrapping O No wrapping
1.8 D M/W 018 AM/W
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B M/W/F/POLY/UB | M/W/F/POLY/UB
1.4 T'-]81045°C 014 TI-]810.5°C
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Fig. 4. Cooling rate of copper piate in stili air freezing
method (M; Material, W; Wrap, F; Al-foil, POLY; Poly-
ethylene film, UB; Urethane board).
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Fig. 5. Cooling rate of copper plate in immersion freez-
ing method (M; Material, W; Wrap, F; Al-foil, POLY
Polyethyiene film, UB; Urethane board).

Table 3. Surface heat transfer coefficient of copper plate
and ground lean beet

Combi- Freezing No. of  Difference Mean value
nation methods runs range (%) Copper  Beef

1 S 5 -4.5t0 +3.0 29.74 20.57

[ 5 -4.0to +5.0 348.13 254.92

2 S 5 -2.0t0 +1.5 2230 16.11

| 5 -4.5t0 +4.0 210.49 158.62

3 S 5 -4.0t0 +2.5 18.42 13.07

| 5 -4.5t0 +2.5 188.57 142.76

4 ) 5 -5.0t0 +3.0 15.24 10.59

| 5 -3.5t0 +2.5 164.57 125.22

5 S 5 -5.5t0 +2.5 12.24 8.79

I 5 -4.0t0 +5.5 116.04 90.35

S: Still air freezing method
I: Immersion freezing method
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Fig. 8. Plot of thermal resistance against number of

Fig. 6. Cooling rate of ground lean beef in stilt air freez-
packaging material in still air freezing method.

ing method (M; Material, W; Wrap, F; Al-foil, POLY;
Polyethylene film, UB; Urethane board).
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Fig. 7. Cooling rate of ground lean beef in immersion
freezing method (M; Material, W Wrap, F; Al-foil, PO-

LY; Polyethylene film, UB; Urethane board).

Fig. 9. Plot of thermal resistance against number of

Number of packaging layer

packaging material in immersion freezing method.
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Table 4. Difference between experimental freezing times and predicted results for testing food materials

Int. Freezer Surface heat Water Exp. freezing Pred. freezing
Run . Thickness . : . Difference
M temp. temp. trans. coefficient content time time
(°C) (°C) (W/m2°C) (m) (%) (min) (min) (%)
1 1.8 -30.6 20.6 0.015 76.5 57.57 62.59 +8.78
2 16.8 -28.9 20.6 0.030 76.0 130.08 146.98 +12.99
3 21.6 ~26.4 16.5 0.010 76.5 63.83 66.10 +3.56
4 20.4 -32.1 13.1 0.015 75.0 87.45 101.56 +16.13
5 25.5 -36.4 16.1 0.015 77.5 79.37 79.88 +0.64
[ 19.3 -32.0 13.1 0.010 76.5 65.45 67.11 +2.54
7 20.3 -40.5 10.6 0.010 77.0 68.00 67.35 ~-0.96
8 20.4 -40.0 14.0 0.018 77.5 90.88 95.63 +5.23
9 17.2 -34.5 9.0 0.020 77.5 164.50 180.23 +9.56
10 17.6 -22.5 254.9 0.015 75.5 15.45 13.95 -9.7
n 11.8 -21.5 158.6 0.015 76.5 18.20 15.00 -17.58
12 23.0 -22.7 125.2 0.010 76.5 16.50 15.38 -6.78
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