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Drying Characteristics of Apple Slices during Contact Ultrasound
Reinforced Heat Pump Drying

Liu Yunhong Miao Shuai Sun Yue Li Xiaofang Wang Leyan Zhu Wenxue
(College of Food and Bioengineering, Henan University of Science and Technology, Luoyang 471003, China)

Abstract ; In order to investigate the enhancing effect of contact ultrasound treatment on conventional heat
pump drying, an ultrasound device was installed in the heat pump dryer, and contact ultrasound
reinforced heat pump drying of apple slices was carried out to study the effects of ultrasound power,
drying temperature and sample thickness on drying characteristics. The results showed that the internal
mass transfer process of samples could be enhanced by putting samples on the ultrasound radiation board
directly during heat pump drying. Drying time was shortened and drying rate was improved with the
increases of ultrasound power and drying temperature and the decrease of sample thickness. The influence
of ultrasound treatment on drying rate was decreased with the reduction of moisture content. Obviously
strengthened effect of contact ultrasound on drying rate could be observed at low temperature and thin
thickness, while it was reduced with the increases of drying temperature and thickness. The values of
effective moisture diffusivity (D) ranged from 1.333 x 10" m*/s to 1.651 x 10 ° m*/s, and it was
increased at high ultrasound power and drying temperature. After the contact ultrasound treatment, the
numbers and sizes of the tiny holes inside apple slice were improved. With ultrasound power of 60 W,
many micro-tunnels were even produced in the organizational structure of apple slices, which was also
beneficial to enhance internal moisture diffusion. Therefore, contact ultrasound technology is an effective
method to increase the drying rate of heat pump drying and shorten drying time obviously as well.
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Fig.2  Schematic of contact ultrasound reinforced heat pump dying device
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Fig.3  Effect of air velocity on drying characteristics of

ultrasound reinforced heat pump drying of apple slices
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Fig.4 Drying curves of heat pump drying of apple slices under different ultrasonic powers and temperatures
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Fig.5 Drying rate curves of heat pump drying of apple slices under different ultrasonic powers and temperatures
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Fig.6  Drying curves of contact ultrasound reinforced heat pump drying of apple slices with different thicknesses
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Fig.7 Drying rate curves of ultrasound reinforced heat pump drying of apple slices with different thicknesses
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Tab.1 Effective moisture diffusivity with different

drying parameters
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Fig. 8 Scanning electron micrographs of apple

tissues at different ultrasound powers
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