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Greenhouse Heating Characteristics of Heat Pump-Latent
Heat Storage System
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SUMMARY

In order to use the natural thermal energy as much as possible for greenhouse heating, the air-air heat
pump system involved PCM(phase change material) latent heat storage system was composed, and three
types of greenhouse heating system (greenhouse system, greenhouse-PCM latent heat storage system,
greenhouse-PCM latent heat storage-heat pump system) were recomposed from the greenhouse heating units
to analyze the heating characteristics.

The results could be concluded as follows;

1) In the greenhouse heated by the heat pump under the solar radiation of "406.39W/m’, the maximum
PCM temperature in the latent heat storage system was 24°C and the accumulated thermal energy stored in
PCM mass of 816kg during the daytime was 100,320k].

In the greenhouse without heat pump under the maximum solar radiation of 452.83W/m’. the maximum
PCM temperature in the latent heat storage system was 22°C and the accumulated thermal energy stored
during the daytime was 52,250KkJ.

2) In the greenhouse-PCM system without heat pump the heat stored in soil layers from the surface to
30cm of the soil depth was 450 kcal/m’ and in the greenhouse-PCM- heat pump system 460 keal/m’.

3) In all of the greenhouse heating systems, the difference between the air temperature in greenhouse and
the ambient temperature was about 20~23C in the daytime. In the greenhouse without heat pump and PCM
latent heat storage system the difference between the ambient temperature and the air temperature in the
greenhouse was about 6~7°C in the nighttime, in the greenhouse with only PCM latent heat storage system
the temperature difference about 7~13°C in the nighttime and in the greenhouse with the heat pump and
PCM latent heat storage system about 9~147C in the nighttime.

g g o](Key Words) : &4 1 (Greenhouse heating), 8% A A 2 KI(PCM latent heat storage system).

& 3 3 (Heat pump), #+A & ol x)(Natural thermal energy)
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Table 1 Specifications of greenhouse heating system
Main Parts Greenhouse Heat Pump PCM Storage System
- PCM storage cart:
Width x Length X Height 231 kKW =700mm(W) X 700mm(D) X 900mm(H)
Dimension (A‘ir to Al - Carts No. : 4ea
= 7mX 14m X 3.4m - PCM mass :
68¢a X 12kg/ea = 816kg
. PCM : Na2504 . lOHzO
Material = Vinyl film PCM container : Al+polyethylene film
and - Steel pipe Refrigerant 22 PCM storage cart : Stainless
Thermal _Awar 0.65 _COP = 2~40 Phase change temp. of PCM: 18~227T
Propertics wround Specific heat of solid phase : 2.245kJ/kgC
' Specific heat of liquid phase : 3.06kl/kg’C
Latent heat : 160.93k)/kg

Table 2 Combination of experimental variables and measuring items

Greenhouse . Greenhouse Greenhouse - Greenhouse - PCM
Heating Models Onl PCM System Heat Pump Syst
Measuring ltems y ¥s cat Fump System

Ambient temperature (@] @) D

Air temperature in the greenhouse O (@) (@]

Air humidity in the greenhouse © (@) (@)

Inlet and outlet air temperature of PCM % ® )

heat storage system ~

Inlet and outlet air temperature of heat % % A

pump condenser =

Energy consumption of heat pump X X @)

Temperature of soil bath @) (@) (@)

Data acquisition interval(min) 30 30 30
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Fig. 2 The temperature variation of PCM in
the greenhouse without heat pump
operation.
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Fig. 3 The temperature variation of PCM in
the latent heat storage system in
case of heat pump operation in the

greenhouse.
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Fig. 4 The variation of heat stored in PCM

latent heat storage unit with time in
case of heat pump operation in the
greenhouse.
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Fig. 5 The variation of heat stored in PCM
latent heat storage with time without
heat pump in the greenhouse.
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Fig. 6 The variation of heat stored in soil
layers (from surface to 30 cm of
depth) in the case of the heat pump
and PCM storage system in the
greenhouse.
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Fig. 7 The variation of heat stored in soil
layers (from surface to 30 cm
depth) in the greenhouse with PCM
storage system.
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Fig. 8 The variation of the temperature
differences between the greenhouse
air temperature and ambient temper-
ature for greenhouse heating systems.
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Nomenclature

A grouna © Area of greenhouse floor(m?)

Au‘all :

C, = Specific heat at constant pressure
(kikg - C)

LHpey = Latent heat of PCM (kl/kg)

Surface area of greenhouse(m?)

my,; = Mass of soil layer per unit
area(kg/m’)

mpcy = Mass of PCM per unit area
(kg/m’)

g"’+ = Heat loss through the greenhouse

cover (W/m°)
¢, = The ventilation heat loss of the
greenhouse(W/m’)
= Heat gained from heat pump
(W/m%)
4" pcy = Heat stored in PCM(W/m?)

Q  heat pump

q" it = Heat stored in soil(W/m’)

4wy = Solar radiation(W/m®)
dT = Temperature difference(‘C)

dt = Time interval(hr)
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