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Abstract

The facility house protects plants from the effects of the natural environment and is used for
growing plants. It is because of the greenhouse effects that such facility houses can be
operated. The greenhouse effect is short-wavelength solar radiation that can pass through the
transparent roof and is absorbed by objects inside the greenhouse this study application of
solar energy to the greenhouse is renewable energy research and development in order to
save energy and mass balance theory. Renewable energy systems have received considerable
attention as a sustainable technology in the building sector. Specifically, the ground source
heat pump and air source heat pump for heating and cooling the building is increasing
rapidly, and the combination with photovoltaic systems and heat pump systems provides
with energy saving system and environmental benefits. The simulated system is installed at a
length of 10m, width 5.4m, height 4.6m greenhouse located in Jeju national university of
Jeju, South Korea. This experiment was carried out to collect data to validate the model. The
results showed that the simulated air temperature inside a plastic greenhouse conformed well

to the data.

The study simulation program uses Gamma technology which is recognized worldwide as
the industry standard for system simulations. The numerical models of condenser and
evaporator were built for the effect of tube dimension and to analyzed fin-type on the heat
transfer performance, which provides some reference for enhancement heat exchanger. The
development of the heat pump energy efficiency standards is studied. The practical results of
the simulation error were less than 25%. When operating the heat pump system in the
program, the highest value of power consumption in the compressor simulation was 5.2 kW,
and the average error was 5.8%. When the greenhouse air source heat pump system heats the
outside air heat source, the round tube heat exchanger performed heat exchange as a

condenser, and the experimental and analytic values for the heat quantity of the ring tube

v



heat exchanger were compared. The average simulation and experiment COP error of heating
the heat exchanger is 10%. The COP is having a lot of errors because of analytic error of
flowmeter and compressor power consumption and the analytic error of heat exchanger

heating amount is getting overlapped.

VI
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vertical

Fig. 1. Closed loop heat pump system
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Fig. 2. Open loop heat pump system
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Fig. 4. Experimental facility of greenhouse heating system

Table. 1. Green house properties

Factors Capacity
2
Area (m*) 54m
Length 10m
Heigth 4.6m
Sidewall(m?) 68
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Fig. 7. The main components and schematic of the air source heat pump greenhouse, 1.
High pressure switch, 2. Low pressure switch, 3. Pump, 4. Expansion valve, 5. Filter
drier, 6. Cooling flow, 7. Heating flow, 8. Water flow, 9. Safety valve, 10. 3-way valve,

11. Check valve
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Input evaporating condenser

Call compressor model

Input the refrigerant mass flow rate and compressor power of the system

Input the inlet air or water

Call condenser model

Input the outlet air or water temperature

Call evaporator model

Input the outlet air or water temperature

Result display

Change the parameter

Calculate the COP in excel

Fig. 8. Flow chart of heat pump simulation
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Table. 2. Heat pump-calibration data
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Fig. 11. Picture of R-410a scroll type compressor

Fig. 12. Simulation components
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Weomp =V X (Ag + Ay te + AytZ + Astd + Agtot, + Astot? + Agtit,

(7)
+ Ajt. + Agt? + Agtd)
m =V X (By + By to + Byt? + B3t3 + Bytot, + Bst,t? + Bgt2t, + Byt, ©
+ BgtZ + Bot?)
Table. 3. Numerical value of A and B in equations
Ay 1.04569E-01 By 1.03892E+01
Ay —-4.09426E-04 B, 3.36765E-01
A, 5.34352E-07 B, 3.62872E-03
As —2.322465E—-10 Bs 1.31054E-0.5
A, —1.18642E-05 B, —6.15186E—-04
As —8.59489E-08 Bs 2.80948E-07
Ag 7.74212E-09 Bg —3.32352E-06
A, 4.54523E-03 B, —2.84679E-02
Ag 6.58549E-05 Bg 2.60019E-05
Ag 3.18053E-07 By —7.91650E-09
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Table. 4. External conditions of green house heat mode, storage mode

Surplus Heat Outdoor Heat
System
pump pump
Indoor temperature (°C) 17.8 20.1
Outdoor temperature (°C) 0.8 3.5
Heating mode 12.5 3.5
Heat source (°C)
Storage mode 16.4 31
Heat source (°C)
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