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Abstract — Ground source heat pump (GSHP) or geothermal heat pump systems (GHPs) are recognized to
be outstanding heating and cooling systems. Most of GSHP systems installed and studied in korea are ver-
tical GSHP systems. A horizontal GSHP system was installed in greenhouse and investigated for the per-
formance characteristics. The results of the study showed that the heating coefficient of performance of the
heat pump was 3.64 and the overall heating coefficient of performance of the system was 3.31. The pump-
ing power was obtained as 28.0 W/kW and the required ground heat exchanger length was 53.3 m/kW of
rejection heat of condenser. The heat extraction rate was, on average, 14.58 W/m of ground heat exchanger
length and trench length is 27.7 m/kW of rejection heat of condenser.

Key words : Ground source heat pump, Geothermal heat pump, Greenhouse coefficient of performance
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Fig. 3. Heat pump system.
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Table 1. Specification of heat pump system.

— —
2 3 4 5
9
3 6
7
1: Compressor 6: Fan coil unit
2: AWay valve 7. Thesmal storage tank
3: Condenser 8: Ground
4: Expansion valve 9: Ground heat exchanger
5: Evaporator

Fig. 4. Schematic of ground source heat pumps system.
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Main circuit Element

Specification

ground heat exchanger

material :
length -

polyethylene, diameter : ID=53 mm,
1608 m, circulation fluid : water

Ground coupling

circust range of volume matric flow rate : 5~22 m'/h
circulation pump pressure head of water column : 14~9 m
power : 1.5 kW -
type : Reciprocating
compressar power of electric motor : 20 HP
press refrigerant : R22 capacity : 61.25 kW
(at evaporating/condensing temperatures of 7.2/54.4°C
heat exchanger t};pe : PHE. r 304
(condenser for heating) plate material : sus
heat transfer area : 9.98 m*
Refrigerant i
circuit heat exchanger type : PHE

(evaporator for heating)

plate material :
heat transfer area: 15.10 m®

sus 304

expansion device

type
capacity : 20 ton

XV

. . range of volume matric flow rate : 5~22 m’h
condenser circulation .
um pressure head of water column @ (4~9 m
pump power : 1.5 kW
fan coil unit heating capacity : 6.7 kW

(at hot water temperature of 60°C, air flow rate :

11.3 m*/min

Fan coil circuit
circulation pump

range of volume matric flow rate : 5~22 m'/h
pressure head of water column :
power :

14~9 m
1.5 kW
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Table 2. Measured parameters and experimental results in average.
Item Value Unit
Condensation pressure 1.79 MPa
Evaporation pressure 0.50 MPa
Volumetric flow rate of condenser water 1.9 whr
Volumetric flow rate of evaporator water 18.6 m*/hr
Volumetric flow rate of fan coil unit circulation water 17.2 m¥/hr
Mass flow rate of refrigeration 18.1 kg/min
Water temperature at condenser inlet 41.0 °C
Water temperature at condenser outlet 43.7 °C
Water temperature at evaporator inlet 5.0 °C
Water temperature at evaporator outlet 29 °C
Power input to the compressor 16.2 kW
Power input to the condenser water circulation pump 0.94 kw
Power input to the evaporator water circulation pump 1.65 kw
Rejection heat of the condenser 59.0 kw
Extraction heat from the evaporator 459 kW
Pumping power of the ground water circulator of rejection heat of condenser 28.0 W/kW
Average ground heat exchanger length of rejection heat of condenser 533 m/k
WAverage heat extraction rate of ground heat exchanger length 14.5 W/m
Heating coefficient of performance of the heat pump (COP_hp) 3.64 -
Overall heating coefficient of performance of the system (COP_sys) 3.31 -
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