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Fig. 1.

Heat pump drying system.
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2. MicroLog PRO-EC750 Kz B EHERT -
Fig. 2. MicroLog PRO-EC750 hygrometer and probe.
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Fig. 3. Schematic diagram of hygrometer locations
(Planes 1, 2, 6, and 7 are the entrances).
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Fig. 4. HIOKI-3197 power quality analyzer.
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Table 1. Performance data of heat pump coefficients.
30-40°C 40-50C 50-60°C
Hot water Hot water Hot water
temperature Electric power temperature Electric power temperature Electric power

Item oy (kW) (0) (kW) (C) (kW)
Time (min)

0 343 4.12 423 451 51.4 5.51

15 38.0 438 483 5.22 56.9 6.31

25 423 451 51.4 5.51 60.8 6.50
cop 42 4.0 3.6

* Ambient temperature: 21-22°C.
* Power measured with HIOKI-3197 analyzer.
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Energy convert

Energy source  Energy category Unit price Heat content efficiency Heat NT' Heat cost ratio
Electric heat  Electricity 3.6 NTkWh' 860 kcal kWh'! 95% 226 kcal NT' 3.78
Natural gas Natural gas 21.1 NT kg 9,000 kcal m™ 90% 384 kcal NT' 2.27
Diesel burner ~ Diesel fuel 33.4NTkg' 8,800 kcal L™ 85% 224 keal NT' 3.82
Oil burner Fuel oil 23.5NTL" 9,200 keal L™ 85% 333 keal NT' 2.57
Heat pump Electricity 3.6 NTkWh' 3,098 kcal kWh'' 100% 856 kcal NT" 1.00
(COP=3.6)  Off-peak electricity 1.8 NTkWh' 3,098 kcal kWh' 100% 1,721 keal NT' 0.50

“ Data source: Website data of National Petroleum Company Limited and Taiwan Power Company, respectively. Visit on 09/02/2012.




EIRRZ IR E 193

48 50
® 4 | 45
° X
£ 0
o 44| >
= x 3% =
© i %e %0d S
] 2 e 30 €
S
€ 40 T
L [ 25
38 1 L 1 L [l L L [} L L L [} L 20
1 6 1 16 21 26 31 36 41 46 51 56 61 66 71
Time (min)
B 5. Gz PR TR 3 KIEEOR R
Fig. 5. Temperature and humidity variation in three cycles at mid-point of the drying chamber.
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Table 3. The highest and lowest temperatures at each position of the 1st cycle.
Position 1 2 3 4 5 6 7 8 9 sd”
Highest temperature (C) 45.6 45.8 45.8 45.2 46.0 45.0 45.2 - 44.6 0.48
Lowest temperature (C) 40.4 40.2 40.2 40.4 40.4 40.8 40.4 - 41.0 0.28

“ sd: standard deviation.
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Fig. 6. Dried shiitake mushrooms.
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A Study on Heat Pump Condensation Drying System

Li-Duhng Huarng', Jian-Jhih Lin>", Hsiang-Wen Chiu’, and Jyh-Rong Tsay’

Abstract

Huarng, L. D., J. J. Lin, H. W. Chiu, and J. R. Tsay. 2015. A study on heat pump
condensation drying system. J. Taiwan Agric. Res. 64(3):189-195.

As the energy prices continue to hike internationally, energy saving and efficiency improving
will become the focal issues. Heat pumps absorb heat in the ambient air or water through the evapora-
tion, compression and expansion process of the Vapor Compression Refrigeration Cycle. It transfers
the heat energy in an opposite direction of spontaneous heat flow. The heat pump system is energy
efficient and saves a lot of energy. The application of heat pumps has become a hot tool to replace the
diesel or gas burner in order to save energy costs effectively. The operation of a heat pump system
transfers heat from one place to another. It can provide both heat and cold water simultaneously with
proper device. Therefore, it operates with high energy efficiency. According to the source that a heat
pump absorbs heat from and the destination it flows heat to, the heat pumps can be categorized into
air-water heat pumps and water-water heat pumps. A water-water heat pump system was adopted in
this study. The application of its hot air in drying agricultural products and cold air in condensing wa-
ter vapor generated in the drying process allows agricultural products using this drying method show-
ing good color. In addition to improve the drying quality of agricultural products, it also promotes
energy efficiency. It is an effective way to save energy and reduce carbon emission. The heat pump
condensing dryer set up in Taiwan Agricultural Research Institute (TARI) can provide 65°C hot air for
drying through the heat exchanger and the cold water temperature reaches as low as 12°C. The esti-
mated total energy efficiency of the system (COP) is higher than 3.6.

Key words: Heat pump, Condensation drying, Energy efficiency.
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