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Development of Heating and Cooling System with Heat Pump
for Nutrient Solution Bed in Greenhouse
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ABSTRACT

In order to control the root-zone temperature of greenhouse crops in the hydroponics at hot and cold
season, heat pump system for cooling and heating was built and tested in this work.

The system was air-to-water type and vapour compression type. The heating and cooling mode was selected
by the four way valve. Capacity of the compressor was 3.75kW and heat transfer area of the evaporator and
the condenser were 3.05m? and 0.6m’, respectively.

According to the performance test, it could supply heat of 42,360 to 64,372kJ/h depending on the water
circulation rate of 600 to 1,500 £ /h, respectively, when indoor air temperature was 10~20C. COP of heat
pump system was 3.0 to 4.0 in the heating mode. But, COP of the cooling mode was 1.3 to 2.1 at indoor
temperature of 20~357T.

The feasibility test in the greenhouse the developed heating and cooling system was installed, showed that
the heating cost of the developed system was only about 13% of that of the conventional heating system.
The heating cost of the developed system was 367won/day(electric consumption 9.75kWh/day), while that of
the conventional system was 2,803won/day(oil consumption 7.7 { /day) at the same heating mode.

Keywords : Greenhouse, Hydroponics, Heating & cooling of bed, Heat pump.
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Fig. 1 Heat transfer of the nutrient solution

Ty : bed surface temperature(K)
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Fig. 2 Nutrient solution bed heating and cooling system by the heat pump.
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Table 1 Specifications of each component in the heat pump system

Component t Type and dimension
type air-water heating and cooling system
dimension(L X W X H) 1,500 X 650 X 1,200mm
refrigerant medium Rn
compressor 3.75kw
type shell-tube
evaporator surface area of tube 3.05m’
air flow rate of fan 3,600m’h
type double tube
condenser surface area of tube 0.6m*
water flow rate of pump 1,500 £ /h
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Fig. 3 Measuring points of temperature and water flow rate in the test set-up.
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Table 2 Temperature conditions for the
nutrient solution bed heating and
cooling system

Condition Cooling Heating
Root zone(C) 20 20
Ambient(C) 30 -10
Greenhouse indoor(C) 40 10
Greenhouse surface(C) 35 0
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