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Simulation and Analysis of Forced-air Precooling of Apples
with Vertical Air Supply
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Abstract. Forced-air precooling is helpful in preserving the quality of fruits and vegetables. Compared
with the traditional horizontal pattern, the vertical forced-air precooling has higher cooling efficiency.
Computational fluid dynamics model of vertical forced-air precooling of apples was built to analyze the
influence of air-inflow velocity, air-inflow temperature and the ratio of vessel aperture area on the
performance of vertical forced-air precooling. It was found that when the air-inflow velocity was increased
from 0.5 m/s to 2.5 m/s, the cooling time of apple was decreased from 127 min to 90 min, the main
variation of the center of apples was decreased from 0.51°C to 0.20°C, and the weight loss rate was
decreased from 0. 007 86% to 0.005 70% . When the air-inflow temperature was increased from 2°C to
6°C , the cooling time remained unchanged and the finishing temperature was close to the air supply
temperature. When the opening area of box was increased from 15% to 30% , the cooling rate was almost
unchanged, the pressure drop was decreased from 418 Pa to 86. 8 Pa, the mean variation of the center of
apples was increased from 0.73°C to 1. 11°C, and the weight loss rate was about 0. 006% . Concerned
with the actual situation, the optimal pre-cooling air-inflow velocity of vertical forced-air precooling was
about 2. 0 m/s, which was lower than that of horizontal forced-air precooling. It was advisable to adopt
the smaller box opening area to ensure the structural strength if the pressure drop was acceptable. In
order to reduce the weight loss rate, air should flow evenly over all apple surfaces to ensure the surface

temperatures drop as quickly as possible. By comparing with the experimental data, it was found that the
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results obtained by the model adopted were basically consistent with the trend of the experimental results,

and the maximum temperature difference did not exceed 1.5°C, which can be used to evaluate the

performance of precooling with air pressure difference in vertical delivery of apples.

Key words: apples; forced-air precooling; vertical air supply; cooling performance; numerical

simulation
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Tab.1 Physical properties of air, apple, cardboard

box and its cutex under cooling conditions

s B p/ K RE w/ WA ¢,/ FHRAK A/
(kg'm ™) (Pars)  (J-kg™'-K~') (Wem™'-K™")
255 1225 1.789 x10°° 1006 0.0242
S 837 3822 0.38
I 930 1 800 0.12
Fy4 770 2300 0.13
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Fig.2 Pressure change with position under

different mesh sizes
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