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Simulation Study on Sublimation Drying Process of Potatoes
ZHANG Fujian, GUO Yun
School of Mechanical and Automotive Engineering, Shanghai University of Engineering Science, Shanghai 201620, China

Abstract: Objective In order to understand the sublimation drying effect and sublimation drying time of potatoes,
optimize the freeze-drying process, and reduce energy consumption during freeze-drying, the COMSOL Multiphysics
software was used to simulate potato slices. Methods By integrating knowledge of heat transfer, mass transfer, and related
disciplines, a physical model and a mathematical model of potato slices during the sublimation drying process were
established to simulate the sublimation drying process of potato slices. Results The ratio of ice mass to initial ice mass
gradually decreased as the drying time increased, and the dehydration rate gradually decreased as the drying time
increased. Considering that the simulation neglected the actual situation of steam flowing out from around the slices, the
actual value of the ratio of ice mass to initial ice mass was lower than the simulated value, and the actual dehydration rate
was higher than the simulated value. In fact, sublimation drying could remove over 85% or even over 90% of the moisture
from potato slices, resulting in a good drying effect. As the thickness of potato slices increased, the sublimation drying time
of potato slices gradually increased. The higher the temperature in the freeze-drying chamber during potato sublimation
drying, the less time was needed for sublimation drying to be completed. The greater the pressure in the freeze-drying

chamber, the longer the sublimation drying time of potatoes. The higher the temperature of the partition, the shorter the
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sublimation drying time of potatoes. Conclusion When freeze-drying potatoes, it is advisable to increase the temperature of

the freeze-drying chamber, reduce the pressure in the freeze-drying chamber, increase the temperature of the partition, and

decrease the thickness of the potatoes to reduce the energy consumption during the freeze-drying process.

Keywords: potato slices; sublimation drying time; freeze-drying energy consumption; dehydration rate
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Fig. 1 Physical model of potato slices
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Table 1 Physical parameters of potatoes

B AR # R ¥4
LEZFRARE, 0.52 W/(m - K)
LhE R p, 1015 kg/m’
LAFRRIKC, 1539 V/kg/K
FH A B L, 2.79%10° I/kg
KEE P, 913 kg/m’
RHAC, . 1 967. 8 J/kg/K
RFHBRH A, 2.1 W/(m - K)
RABERREM, 18 g/mol
HAHC,, 1674.7 J/kg/K
HABRREA, 0.03 W/(m - K)
RANNFEE 8.36 x107° Pa-s
AZEREIP, 24 Pa
R iR T, 243.15 K
FaA R T, 263. 15 K
REBET, 303. 15 K
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Fig. 2 Characteristic curves of sublimation drying
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Fig. 3 Temperature distribution of potato slices
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Fig. 4 Pressure distribution of potato slices
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Fig. 5 Sublimation drying time of potato slices

with different thicknesses
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(2) PRI EZETEAENSGREY FTEBE of thin layer drying kinetics of apple in tunnel dryer[J].
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