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A Study on the Heat pump-Latent Heat Storage System
for the Greenhouse Heating
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ABSTRACT

It is desirable to use the renewable energy for the greenhouse heating in winter season, it make possible not
only to save fossil fuel and conserve green environment but also to promote the quality of agricultural products and
reduce the agricultural production cost.

In this study the heat pump-PCM latent heat storage system has been developed to use the natural energy as
much as possible for the thermal environment control of greenhouse.

The coefficignt of performance (COP) of the heat pump system was 3~4 with the ambient temperature ranging
from 8°C to —8°C, and greenhouse heating effect of the heat pump - PCM latent heat storage system on the basis of
the ambient temperature was about 12~15C.
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Fig. 1 Energy balance model in the green-
house heating system equipped with
PCM storage unit and the heat pump.
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Fig. 2 Greenhouse heating system and the experimental equipment.

Table 1 Dimensions of greenhouse heating system and the thermal properties

Main parts Dimension Material Thermal properties
;‘ = 0.65
— P E. film wall
Greenhouse 7,000mm (W) X 14,000mm (L) — Steel pipe where
X 3,400mm (H) Ay ¢ greenhouse
cover area

A, : floor area

Compressor : 3PS

Boiling point

Evaporator : forced type for 12324 K - Cop = 2,~4'5
. . — Heated air
Heat pump (air to air) 3PS Ry, $ Latent heat of
. . . Temperature
Condenser : air heating type for evaporation : 205 = 35~50C
3PS kJ/kg i
— PCM storage cart: B i,a;e; ts hlf at
= 700mm (W) x 700mm(L) > kealkg
— Al + polyethylene ~ Phase change
X 900mm (H) il Temperatu
PCM storage system — Total carts : 4EA m emperanire
— Stainless = 18~227C
— PCM mass :

68 EA % 12 kg/bag = 816 kg
Power of fan motor : 0.25kW

— Na, SO, - 10H,0

— Available phase
change cycle
= 1,500~2,000
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Fig. 3(a) The p-h diagram of heat pump
composed in this study. Fig. 3(b) Photo of heat pump.

Aol A §3719] dET(enthalpy)T £4E & o0 TASLA NEAY HYY SHLL B4

%A gt T UARE AR, EFEEE 389 A
E# 382 45 gl 144 2709 QAIE B BT 5 UEE otk

AAgte] WA e HERES S8

ofy
ne

Table 2 Combination of four types of greenhouse heating systems composed of 3 main parts
and the measuring items

Greenhouse Solar Solar Solar greenhouse -
heating Solar greenhouse - greenhouse - PCM heat
models | greenhouse PCM heat heat pump storage ~heat

Measuring items storage system system pump system
Ambient temp. @) © © ©
Air temp. in the greenhouse ®) @) © @)
Air humidity in the gmenhouse @) © © @)
Floor temp. in the greenhouse © © © ©
Solar enery flux © © © ©
Inlet and outlet temp. of PCM heat % o % o)
storage system

Inlet and outlet temp. of heat pump

condenser X x © ©
Air flow rate of heat pump condenser

and the PCM storage system % © © ©
Power consumption of heat pump X X © ©
Data acquisition interval (min) 30 30 30 30

¥ © : Remark of measuring cases
X : Remark of no measuring cases
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Fig. 4 COP of the heat pump with ambient
temperature.
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Fig. 5 The thermal energy flow in the green-
house —PCM-— Heat pump system
with the legal time and the variation of
the inside and outside air temperature
of the greenhouse.
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Fig. 6 Greenhouse heating effect on the
basis of the ambient air temperature.
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Fig. 7 Greenhouse heating effect on the
basis of the greenhouse setting air
temperature.
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E.S.R = Thermal energy saving rate

EZ" = Solar energy stored in soil (kcal/im?)

E;’:, = Solar energy stored in the PCM latent heat
storage system (kcal/m’)
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E:,k' = Solar energy stored in the air in green-
house (kcal/m?)

Ej”,’,‘; = Solar energy stored in the crops (kcal/mz)

EPC = Electric power consumption of heat pump
compressor and fan motor of condenser,
evaporator, and PCM storage system (kcal/
m’)

G.H.L = Greenhouse heating load (kcal/m?)

COP = Coefficient of performance of heat pump
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& Nomenclature

Q,,,, » = Solar radiation in the greenhouse. (kcal/hr)

.Q,,,d nump = Heat gained from heat pump (kcal/hr)

COP = Coefficient of performance of heat pump.

Q, = Heat loss through the greenhouse cover (kcal/
hr)

Qv = Heat loss by the ventilation from the green-
house (kcal/hr)

Q,,,, = Heat absorbed or released by the soil in

greenhouse (kcal/hr)
Qmp = Heat absorbed or released by the crops (kcal/
br)

Q.. = Air enthalpy in greenhouse (kcal/hr)

Q,,c,,, = Heat storage in PCM (kcal/hr)

r = Transmissivity of greenhouse cover

I, = Solar radiation on the horizontal surface (kcal/m’

- hr)

h, = Heat transfer coefficient of greenhouse cover
(kcal/m” - hr - C)

h, = Ventilation heat transfer coefficient of green-
house (kcal/m® - hr - C)

A, = Floor area of greenhouse (m?)

/. = Energy saving rate by the thermal curtain

as; = Heat absorption rate of soil

R, = Ratio of soil area no covered by the crops =

A=Ay
A

(

4

R..., = Ratio of soil area covered by the crops =
Airp
AZ
h, = Enthalpy of dry air (kcal/kg)
h, = Enthalpy of vapor in the air (kcal/kg)
x = Absolute humidity in greenhouse
LH = Latent heat of water vaporization (kcal/kg)
LH,.,, = Latent heat of PCM (kcal/kg)
m, ., = Mass flow rate of freon gas (kg/hr)

m,~ Mass flow rate of water (kg/hr)

p, = Partial pressure of water vapor in the moist air

—155-

(kg/em’)

P = Partial pressure of the dry air (kg/cm’)

h, = Enthalpy of R, at the compressor inlet (kcal/kg)

h, = Enthalpy of R,, at the compressor outlet (kcal/
kg)

h; = Enthalpy of R,, at the condenser inlet (kcal’kg)

7 moor = Efficiency of compressor motor

7 comp = Compression efficiency

77 somp = Compressor motor speed (r.p.m)

7+ = Volumetric efficiency of compressor

77 me = Mechanical efficiency

D, = Compressor displacement (m)

D, = Inside diameter of cylinder (m)

Z,, = Number of cylinder

v, = Clearance volume of compressor (m’)

T, » = Inlet water temperature into condenser (K)

T, o = Outlet water temperature from condenser (K)

T., = Air temperature in the greenhouse (K)

T, = Ambient air temperature (K)

T,, = Solid phase temperature of PCM at the state 1
X

T,, = Solid phase temperature of PCM at the state 2
(X)

T, = Liquid phase temperature of PCM at the state 1
X)

T,, = Liquid phase temperature of PCM at the state 2
K)

C, «ia = Specific heat of solid phase PCM at

constant pressure (kcalkg - T)

Co tigua Specific heat of liquid phase PCM at

constant pressure (kcal’kg - T)

C, « = Specific heat of water at constant pressure
(kcalkg - T)

M pon, otia = PCM mass at solid phase (kg)

Mpon, 1iuig = PCM mass at liquid phase (kg)

m,, = Mass flow rate of air (kg/hr)

A op = Soil surface area covered with crops (cm?)

@ .mp = Heat absorption rate of crop

t = Celsius temperature (C)
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C, = Specific heat of air at constant pressure (kcal/
kgC)
C, = Specific heat of air at constant volume (kcal/
kg)
my,;; = Soil mass of each soil layer (kg)
C,. o = Specific heat of soil (kcalkg'C)
AT, = Temperature difference with time lag in each
soil layer (°C)
4 r = Time lag (hr)
FaEd
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