392 AnlFdeEad A 239 A6 3(2011)/pp. 392-399

Performance Simulation of Ground-Coupled Heat Pump(GCHP) System
for a Detached House
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ABSTRACT: Ground-coupled heat pump(GCHP) systems have been shown to be an environ-
mentally—friendly, efficient alternative to traditional cooling and heating systems in both residential
and commercial applications. Although some work related to performance evaluation of GCHP
systems for commercial buildings has been done, relatively little has been reported on the
residential applications. The aim of this study is to evaluate the cooling and heating performances
of a vertical GCHP system applied to an artificial detached house(117 mz) in Seoul. For this purpose,
a typical design procedure was involved with a combination of design parameters such as building
loads, heat pump capacity, borehole diameter, and ground thermal properties, etc. The cooling and
heating performance simulation of the system was conducted with different prediction times of 8760
hours and 240 months. The performance characteristics including seasonal system COP, average
annual power consumption, and temperature variations related to ground heat exchanger were

calculated and compared.
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Fig. 2 Ambient air temperature.

Table 1 Design parameters or specifications
in modeling of a vertical GCHP

system

Parameters Val}l es or
specification

Building
Floor area/conditioned area [m’] | 117/107
Location Seoul
Cooling design day Aug. 16
Heating design day Jan. 23
Cooling peak load [kW] 149
Heating peak load [kW] 89
Ground
Initial ground temperature [TC] 12.9
Thermal conductivity [W/mK] 2.0
Thermal diffusivity [m’/day] 0.079
Ground heat exchanger
Nominal pipe diameter [mm] 32
Pipe resistance [mK/W] 0.061
U-tube configuration Single
Radial pipe placement Average
Borehole diameter [m] 0.152
Grout thermal conductivity [W/mK] 0.8
Borehole thermal resistance [mK/W] 0.216
Fluid Methanol

- 2 g
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Fig. 3 Hourly cooling and heating loads of a

detached house for simulation.
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simulation.
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Table 2 Design results
Cooling | Heating
Total pipe length [m] 3389 273.8
Borehole number [-] 2 2
Borehole length [m] 169.5 136.9
Unit inlet, EWT® [C] 30.0 5.0
Unit outlet, LWT” [C] 35.7 2.0
Total unit capacity [kW] 14.9 14.4
Peak load [kW] 14.9 89
Peak demand [kW] 4.6 35
Heat pump COP [-] 3.6 29
System COP [-] 3.2 2.5
System flow rate [lpm] 48.2 28.8
a) Entering water temperature
b) Leaving water temperature
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Fig. 6 Performance characteristics of a vertical GCHP system in cooling design day.
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Table 3 Simulation results
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