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SUMMARY

In this study, the concept of drying energy was used to quantify drying
performance during the drying of chili pepper and radish via a heat pump
dryer with a membrane. Moreover, out of the total energy consumed during
the operation of the dryer, the energy consumed for drying was analyzed by

using the ratio of total energy consumed and drying energy.

The heat pump dryer with the membrane is capable of effectively removing
moisture as moisture is first removed in the evaporator of the heat pump,

and the remaining moisture is additionally removed in the membrane.

In the experiment, the temperature of the dryer was set to be 60C, and the
air flow rate of the dryer was changed to 49.7 CMH, 61.2 CMH, and 91.8
CMH. Based on the experimental results, the drying time was shortened by
increasing the air flow rate. With respect to radish, the drying time was
shortened as the width and length of the radish decreased. The drying

energy utilization rate increased as the drying time increased.

Consequentially, to increase the drying performance of the dryer, the drying
energy utilization rate should be increased. Therefore, an appropriate

temperature and air flow rate are required for drying.
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Table 1 The

causes of quality changes

and prevention

cause case prevention
moisture dry
physical temperature freeze, refrigeration
light block out light
) vacuum, antioxidant,
air(O,) ..
water activity control
chemical pH(acid, alkali) buffer solution
ingredients of food heat, water activity
reaction, metal ion control
heat, freeze,
microorganism preservatives, water
activity control
heat, pH control,
: : enzyme _ _
biological refrigeration
insect fumigation

animals of small size

chemicals, mechanical

prevention
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period

Constant rate
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Drying time

awm Swiiq
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Fig. 1 The drying curve.
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Moisture content
Moigture removal ratio

Drying time Drying time

Fig. 2 The conversion methodology of moisture content to moisture removal
ratio(Reproduced from Kim et al., KJACR, 2021, 33(10), p.488.).
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Inside(mi(!dle of the top) 1EA

Fig. 3 Attached location of the temperature sensors(Thermocouple).
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Fig. 4 Power meter(top) and data acquisition(bottom).
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Fig. 5 Schematic diagram of the heat pump.
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Fig. 6 Schematic of the membrane separation.
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Fig. 7 Schematic diagram of the equipment for the water vapor permeation tests.
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Fig. 8 Schematic diagram of the heat pump dryer with a membrane.
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Membrane

Fig. 9 The heat pump dryer with a membrane.
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Table 2 Specifications of the heat pump dryer with a membrane

Component Specification Unit
Power 0.54 kW
Compressor
Refrigerant R-134a -
Condenser 151 kW
Heat exchanger
Evaporator 1.16 kW
Max. power 0.054 kW
Fan
Max. flow rate 207.3 m'/h
Available area 0.24 m’
Outer diameter 2.4 mm
Membrane
Length 230 mm
Material Poly ether sulfone -
Max. power 0.25 kW
Vacuum pump
Max. flow rate 40 LPM

_20_
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Fig. 10 Duct for air flow rate measurement.
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Fig. 11 The radish sample.
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Fig. 12 Variations of moisture content according to drying time
(Air flow rate: 49.7 CMH, Chili pepper, 20kg).
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Fig. 13 Variations of moisture content according to drying time
(Air flow rate: 61.2 CMH, Chili pepper, 20kg).
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Fig. 14 Variations of moisture content according to drying time
(Air flow rate: 91.8 CMH, Chili pepper, 20kg).
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Fig. 18 Variations of moisture content according to drying time for each size of
radish(Air flow rate: 91.8 CMH, Radish).
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Fig. 19 Variations of moisture content according to drying time
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Fig. 21 Comparison of moisture content between with membrane and

without membrane.
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Fig. 23 Variations of drying energy utilization rate according to drying time
(Air flow rate: 91.8 CMH, Radish, 20kg).
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