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The Greenhouse Heating Characteristics of Heat Pump-Latent Heat

Storage System
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Nomenclature

C, = Specific heat at constant pressure ( kcal/kg - C)
LHpcy, = Latent heat of PCM ( kcal/kg)
my,; = Heating mass of soil layer per unit area( kg/m?)

mpcy = Melting mass of PCM per unit area ( kg/m?)

g, = Heat loss through the greenhouse cover ( kcal/m? - hr)

g, = The ventilation heat loss of the greenhouse( kcal/m® - hr)
Qheat pump = Heat gained from heat pump( kcal/m? - hr)
4. = Heat stored in the air ( kcal/m® - hr)

gpey = Heat stored in PCM( kcal/m® - hr), gy = Heat stored in soil( keal/m? - hr)

derep = Heat stored in crop ( kcal/m? - hr), geur = Solar radiation( kcal/m? - hr)

dT = Temperature difference('C) , d¢ = Time interval(hr)
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Fig. 1. Experimental equipment of greenhouse heating system.
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Table 1. Dimensions of greenhouse heating system.

Main parts Greenhouse Heat Pump PCM storage system
. . - PCM storage cart:
X X
Width X Length X Height Width X Depth X Height
=700mm X 700mm X 900mm
imensi = TmXx 14m X 34m 3Ps
Dimension Ay (Air to Air) - Total carts : 4EA
2. - 0.65 - PCM mass :
i 68EA X 12kg/bag = 816kg
. - Vinyl film PCM container : Al+polyethylene film
Material . Rz PCM storage cart : Stainless
- Steel pipe PCM : Na)SO, - 10H20
v, A%y
B AT 24 Ui 49 Na9e 24 POMAEEYRs 999 b0 8s2 FHHNCH,
ol L5 WIRAE A Astel BY 24, SU-POMIEEYE, 24U-PCM-LH =

Table 2. Combination of experimental variables and measuring items.

Greenhous:ating models Greenhouse | Greenhouse - Greenhouse - PCM

Measuring items only PCM System - Heat Pump System
Ambient Temperature © © ©

Air Temperature in the Greenhouse © (@) @)

Air Humidity in the Greenhouse © © ©

Floor Temperature in the Greenhouse © (@) ©

Inlet and Outlet temperature of PCM % o o

heat Storage System

Inlet anfi Outlet Temperature of Heat % % o

Pump Condenser

Power Consumption of Heat Pump X X ©
Temperature of soil bath © © ©

Data Acquisition Interval(min) 30 30 30

O: 2T A%, x : 2AAA ¥e F¥
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Fig. 2. 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. 3. The variation of heat stored in PCM latent heat storage with time without case of

heat pump in the greenhouse.
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Fig. 4. The variation of accumulated heat storage in soil layers (from surface to 30cm depth)

in the greenhouse with PCM storage system.
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Fig. 5. The variation of accumulated heat storage 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. 6. The variation of the temperature differences between the greenhouse air temperature

and ambient temperature in accordance with the greenhouse heating systems.
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