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Fig. 1 Physical model and coordinate system of research
object B , t
1: B side of foam box. 2: Temperrature outside the foam box— B
T:. 3: Temperture inside the foam box—75. 4: Probe of time-
temperature recorder. 5: Time-temperature A
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Fig. 2 Heat transfer analysis of foam box’s B side M {
1: B side of foam box. 2: The quantity of heat tansfer into foam ’
box—®g. 3: The temperrature outside the foam box—T;. (kg), L (kJ/kg)
4: The temperture inside the foam box—75. 22
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Tab.1 Thermal conductivity of foam box
/C /C /mm /(‘C-m™) J(W-m™ K™
Central temperature of foam box Temperature differential Sample thickness Temperature gradient Thermal conductivity
2.5 5.0 25 200.0 0.0356
5.0 10.0 25 400.0 0.0358
7.5 15.0 25 600.0 0.0361
10.0 20.0 25 800.0 0.0363
12.5 25.0 25 1000.0 0.0364
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Fig. 3 Temperature variations of fish in foam box 1C, (2)
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Tab. 2 Time of fish temperature reaching 1°C and melting rate of ice
/C /(Wm™ K™ /h 1%
Temperature differential Thermal conductivity Duration time Melting rate
5 0.0356 112 67.6
10 0.0358 60 69.0
15 0.0361 37 65.8
20 0.0363 26 64.7

25 0.0364 21 66.5
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Tab.3 Evaluation of the ice consumption model

/kg /kg /%

Temperature differential Estimated values Observed values Relative deviation Be Ar
5 3.9 4.4+0.3 12.3
10 4.2 4.5+0.2 6.5
15 3.9 4.3+0.2 9.0 0.897 1.114
20 3.7 4.2+0.3 13.8
25 3.8 4.4+0.4 15.5
4
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Construction and verification of a model used for estimating ice
consumption during iced fresh fish distribution

WU Guojin'? , XU Zhong' , YANG Xianshi' , GUO Quanyou' , LI Xueying'

(1. East China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Shanghai 200090, China; 2. Food Science
College, Shanghai Ocean University, Shanghai 201306, China)

Abstract: Using the basic theory of heat transfer we analyzed the heat transfer between inside foam box and outside
foam box during iced fresh fish distribution and established mathematical model to estimate the ice consumption during
iced fresh fish distribution under one-dimensional steady-state condition. Foam box thermal conductivity tests were
conducted under 5-25°C. The results showed that the values of foam boxes thermal conductivity were among 0.035 6—
0.036 4 W-m “K™'. Through steady-state heat transfer simulation experiments that were conducted under the
temperatures outside the foam boxes, which were 5°C, 10°C, 15°C, 20°C and 25°C respectively, the observed values of
ice consumption were used to validate the exactness of the estimated ice consumption model. Mathematical tests
showed that the relative deviation between estimated and observed values of ice consumption were in the range of 6.5%
to 15.5%, mean relative deviation was 11.4%, and the bias factor and accuracy factor of ice consumption model were
0.897 and 1.114 respectively. All of these showed that the estimated ice consumption model based on the
one-dimensional steady-state heat transfer, can precisely estimate the ice consumption for maintaining the temperature
of fish below 1°C in foam box and the temperature outside the foam box is invariableness. So the established
mathematical model could provide reference for ice addition during iced fresh fish distribution.[Journal of Fishery
Sciences of China, 2010, 17(6): 1334—1339]
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