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Fig.1 Schematic diagram of dry ice spraying system
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Table 1 Parameters of the selected materials for the model
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Fig.2 Mode of quick freezing tank Fig.3 Grid independence analysis
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Table 2 Parameters of phase change

B ik 4 A Py
T./K 194.65 10 % A4 B JE
T./K 283.15 A0 IR JE 1A [
Lo/ (Jkg) 5.736x107 FER
T.J/K 193.15 T ok N A7 45 B B
TyK 273.15 B AL Ay 45 B
Uav/(m/s) kit
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Table 3 Symbol description table
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Table 4 Average temperature difference and quick—freezing time at the axis of each layer and on both sides of the axis
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Fig.4 Simulation results of arranged and cross arranged holes with circular shapes
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Fig.5 Temperature distribution in the center of diced mango with different porosity
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Table 5 Average temperature difference and quick freezing time of different opening rates
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Table 6 Average temperature difference and quick freezing time of different apertures
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Fig.6 Material trays with different opening shapes
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Table 7 Average temperature difference and quick freezing time of different opening shapes

T AR IE 7% =R
B LR £ 4A/C 6.7 6.4
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Fig.7 Dry ice spray quick freezing device
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Fig.8 Photos in quick freezing tank
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diced mango center and surface
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Table 8 Determination results of texture properties
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Effect of Hole Parameters of Material Tray on the Quick Freezing Quality of Diced Mango
by Dry Ice Spraying

Ning Jinghong, Liu Mao, Song Zhipeng
(Tianjin University of Commerce, College of Mechanical Engineering, Tianjin 300134)

Abstract Dry ice spraying is used for quick freezing of diced mango, and the effects of different arrangements, hole
ratios, hole shapes, and diameters of material tray holes on the cooling rate and freezing uniformity of diced mango are
studied. Use Comsol Multiphysics to simulate the central temperature distribution and time required for diced mango to
reach freezing requirements under different conditions. The results showed that the material tray with a fork arrangement,
a hole opening rate of 42%, a circular hole shape, and a hole diameter of 3 mm had the best quick freezing effect. Ac-
cording to the verification experiment, the errors of the center temperature and surface temperature of diced mango
reaching the requirements for quick freezing are 5.3% and 7.5%, respectively. In terms of freezing uniformity, the error
of the average temperature difference is 8.3%. After thawing, the texture characteristics of diced mango were determined
to show a significant decrease in hardness and chewiness, while the decrease in chromaticity, cohesiveness, and elastici-
ty was relatively small, meeting the quality requirements of frozen mangoes. The research resulits provide reference for
further development of energy—saving and environmentally friendly dry ice frozen diced mango equipment.

Keywords dry ice; quick freezing; mango; material tray; simulation



