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Thermal Energy Characteristics and Simulation Model
Development for Greenhouse Heating System with Heat
Pump and Latent Heat Storage

32 S8
A9 A
J. G. Ro H. K. Song

SUMMARY

The greenhouse heating system with heat pump and latent heat storage was built for development of
simulation model and validation. The computer simulation model for the system to predict temperature of air,
soil surface and cover film in the greenhouse were developed and its validity was justified by actual data.
From the analysis of experimentally measured and the simulation output, following results were obtained.

1. The expected values of inside air temperature for the greenhouse with a heat pump and a latent heat
storage system were very much close to the experimental values at the error range of 1.0°T.

2. The expected values of soil surface temperature for the greenhouse with a heat pump and a latent heat
storage system were very much close to the experimental values at the error range of 1.0T.

3. The expected values of thermal energy flow for the greenhouse with a heat pump and a latent heat storage
system were very much close to the experimental values at the error range of 167.2kJ/m’h.

4. Heat loss value of day time was found to be larger than that of night time as much as 1.11 time.

5. At day time, the inside air temperature was shown to be higher than the set point of 7.0°C. At night
time, the inside air temperature was controlled in order to maintain higher temperatures than the set point.

Keywords : Heat pump, Latent heat storage.
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Table 1 Parameters for the simulation

A2 AM6F 2001d 122

area of greenhouse cover 159.516 m’ calculated
area of floor in greenhouse 97.16 m* calculated
volume of greenhouse 281.37 m’ calculated
emissivity of greenhouse cover 0.16 cited (1)(2)
emissivity of floor 0.94 cited (1)(2)
absorptance of greenhouse cover 0.12 cited (4)
absorptance of floor 0.95 cited (4)
thermal conductivity of soil 0.52 J sec 'm 'K™! cited (6)
view factor (cover-sky) 0.818 calculated
view factor(cover-outside ground) 0.182 calculated
view factor (cover - floor) 0.636 calculated
view factor (cover - cover) 0.364 calculated
specific heat of greenhouse air 1005.7 J kg 'C"! measured
specific heat of ambient air 1003.2 J kg'C™' measured
transmissivity of cover 0.505~0.740 measured
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Table 2 Specifications of the greenhouse heating system and the thermal properties.

Main parts Dimension Material Thermal Properties
7,000mm(W) - P. E. film Ag/Awall = 0.65 where
Green- % 14,000mm(L) Ag : Greenhouse
house X 3,400mm(H) - Steel pipe cover area
. Awall : Floor area
Compressor : 3PS R22 : Boiling point 232.4K - COP=2~45
Heat Evaporator : forced type for - Heated air
pump 3PS Latent heat of eveaporation; temperature
(air to air) Condenser : air heating 205k)/kg =35~50C
type for 3PS
- PCM storage cart: - Latent heat
700mm(W) X 700mm(L) X< =38.5 kcal’kg
. 900mm(H) - Al + polyethylene film - Phase change
P1 M - Total carts : 4EA - Stainl temperature
:(:;Z%: - PCM mass : eSS = "?“'22(:
Y 68EA X 12kg/bag=816 kg — NasSOs - 10H:0 - Available phase
Power of fan motor : a5 2 change cycle
0.25KW =1,500~ 2,000

Table 3 Specification of the heat pump for this experimental equipment.

Component Interier unit Exterier unit
Electronic power 3 Phase 220 V. 60 Hz

Heating 5500-9000kcal/h
Condenser -

Cooling 5500 - 9000 kcal/h

Type - Completely closed type
Compressor

Net power - 3PS

Air heat exchanger

Copper pipe, Plate fin type

Dehumidifier - 220 V, 0.6 kw x 3 EA
Capacity 46 CMM
Evaporator | Net power - 30 0.2kW 6p
size - 130cmx50cmx 20cm
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