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Heat transfer characteristic and pre-cooling system power consumption

analysis of variable temperature pre-cooling process of tomato
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Abstract: The fruits and vegetables pre-cooling effect and power con-
sumption are greatly influenced by the supply air temperature of pre-
cooling process. The heat transfer model of tomato was developed by
theory of heat transfer and used to predict tomatoes of different diam-
eters temperature change during the different temperature pre-cooling
process. Then pre-cooling experiments of tomato were performed
with the developed pre-cooling experiment setup. The relationships
between supply air temperature, tomato diameter and temperature
change rate of tomato. pre-cooling system power consumption were
studied based on theoretical analysis and experimental data. The re-

sults show that the mean error between simulated and measured tem-
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peratures of tomato center was 0. 685 “C, so that the heat transfer
model of tomato can be used to predict pre-cooling time effectively.
Besides, pre-cooling time of tomato increases with the increase of
supply air temperature and tomato diameter, pre-cooling system
power consumption increases with the decrease of supply air tempera-
ture. Finally, the optimization pre-cooling scheme of variable supply
air temperature is proposed according to the above analysis results.
The supply air temperature remains 4 ‘C, 2 C, 0 °C during process
of the tomato center temperature dropping from 26 °C to 15 C,
15 °C to 10 °C and 10 'C to 5 ‘C, respectively. The optimized scheme
can save energy 9. 7% to 14.8%, compared to constant temperature
pre-cooling schemes.

Keywords: heat transfer; model; tomato; pre-cooling; supply air

temperature; evaporating temperature
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Figure 1 Experiment set-up and schematic diagram of

pre-cooling storage
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Figure 3 Temperature response of tomato tissue during

the pre-cooling process
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Figure 4 Temperature response of tomato at different

air temperature
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Figure 5 Temperature response of different

diameter of tomato
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Table 2 Comparisons of energy consumption of different pre-cooling schemes
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