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Simulation and analysis of forced air precooling performance of
apples with different fruit diameters
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Abstract: Objective: To analyze the effect of apples of different
fruit diameters on differential pressure precooling under the same
box. Methods: Based on the spherical analogy model and heat
transfer theory, the CFD unsteady SST k-w turbulence model
to numerically simulate the differential

was USCd pressure

precooling of apples with different air supply air speed,

temperature, box opening size and fruit diameter, and three
different working conditions were selected for accuracy. The
simulation scheme of mixed orthogonal test was used to discuss

the effects of different factors and different fruit diameters on the
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cooling rate and pre-cooling uniformity. Results: The lower of the
air supply temperature was, the faster the wind speed was, the
smaller of the apple diameter was, and the faster of the cooling
rate it was. The higher of the supply air temperature was, the
faster the wind speed was, the larger of the opening was, and the
better of the uniformity of precooling it was. Based on the
comparison of orthogonal test results, the effect of fruit diameter
on differential pressure precooling was significant. Conclusion:
Apple fruit size has the greatest influence on the cooling rate and
uniformity of pre-cooling, and reasonable packaging and stacking
methods need to be adopted for apples with different fruit
diameters.
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Figure 1 Location diagram of the ventilation hole

opening of the box
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Figure 2 Stacking and temperature measurement point diagram of each layer of large, medium

and small fruit diameter

1 RAIRTES ER FEEHUESE
Table 1 Physical property parameters of air, apple and box under cooling conditions
. R p/ T p/ WA )/ FIEH A/
(kg *m %) (Pa -+ s) (Jekg '+ K™D (Wem '+ K1)
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Figure 3 Experiment rig of forced air pre-cooling
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Table 2 Simulation verification experiments
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the comparison of the experimental results
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Figure 10 Changes of differential pressure precooling effects of apples with different fruit diameters over time
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Planar flow field diagram of apples with different fruit diameters with a height of Y=60 mm

at a supply air speed of 1 m/s and a box opening diameter of 35 mm
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Table 4 Forced air pre-cooling orthogonal experimental table
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9 3 3 1 12.48 0.021
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