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Thermophysical properties and porous property analysis of carrot under
microwave drying condition

GU Si-zhong, LIU Bin, YANG Zhao-dan
( Tianjin Key Laboratory of Refrigeration Technology, Tianjin University of Commerce, Tianjin 300134, China)

Abstract: The system of microwave drying was used to measure the temperature and mass changes of carrot in real
time during microwave drying. The slices at the same part of the sample were selected and the microscopic images of cells in
different drying periods were compared. The changes of property parameters of carrot samples with different water content
were analyzed in drying process, such as density, thermal conductivity, specific heat and thermal diffusivity, etc. From the
perspective of porous media, the variation of porous characteristic parameters, like porosity, fractal dimension, aperture
and specific surface area, was studied under different drying nodes (100%, 85%, 70%, 55% , 40%). The influence of
microwave power on the heat and mass transfer of samples was analyzed by changing the microwave heating power. The re-

sults showed that cortical cells of the carrot formed a dense film which could hinder water migration during microwave dr-

ying. The broken cells first occurred inside the sample.
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FEER A TR (1993-) 5 LA B -LBTICAE LM ] much, and its reduction was about 5 kg/m’ after drying.
% RGMAL B B ARG, (E-mail) 513399674 @ qq. Thermal conductivity increased as the water content de-
com creased initially and decreased afterwards. It reached the

When the water content was 30%, internal of carrot
appeared the scorch. Then, all of center cells collapsed. In

the whole drying process, the density did not fluctuate

BiEE X it (E-mail) Ibtjcu@ tjcu.edu.cn maximum when the water content was 60%. The tempera-



898 o9 &b 2 W

2018 4F & 34 % 4 M

ture became uniform with the reduction of water content. Besides, porosity and pore fractal dimensions also increased. The

internal pores became more and more complicated. In addition, the change of temperature had obvious stages during the dr-

ying process, and the transfer direction of heat and moisture was consistent. When the microwave power was set to different

values: 0.6 kW, 0.8 kW, 1.0 kW, in the initial period of drying, the rate of temperature rise was proportional to the micro-

wave power before temperature reached 100 °C, and the internal temperature was higher than that of the surface at this

stage. The internal and external temperatures were basically constant in the late period of drying, but the relationship be-

tween them was more complex than that in the initial period.
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Fig.1 The diagram of microwave drying system
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Fig.2 Binarization of carrot cell images
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Fig.3 The microscopic image of carrot cells in different micro-

wave drying periods
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Fig.4 The curve of thermophysical properties of carrot with different water contents
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Table 1 The porosity and fractal dimension of carrot in different

drying nodes
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Fig.5 The changes of pore diameter of carrot in different dr-

ying nodes
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Fig.6 The changes of specific surface area of carrot in different

drying nodes
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Fig.7 The surface and center temperature changes of carrot

under different microwave power
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