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ABSTRACT

Application of geothermal energy in buildings has been gaining popularity as it provides the benefits of both heating and cooling a building.
Among the various types of geothermal energy systems, ground-coupled heat pump system is the most commonly applied one in South Korea.
A ground heat exchanger plays an important role as a heat source in winter and a heat sink in summer. For the stable operation of a
ground-coupled heat pump system, a ground heat exchanger should be sized so that it provides sufficient heating and cooling energy. Heating
and cooling energies generated in ground heat exchangers mainly depend on the temperature difference between the heating medium in ground
heat exchangers and the surrounding ground. In addition, the performance of ground heat exchangers influences the change in ground
temperature. Therefore, it is necessary to consider this interrelation between the change in the ground temperature and the performance of
ground heat exchanger for an accurate estimation of its performance. However, previous thermal analysis models for ground heat exchangers
are not competent enough to allow a complete understanding of this interrelation. Therefore, this study proposes a three-dimensional equivalent,
transient ground heat exchanger analysis model. First, a previous thermal analysis model for ground heat exchangers, including an analytical
model, a g-function, and a numerical model are analyzed. Next, to overcome the limitations of the previous models, a three-dimensional
equivalent, transient ground heat exchanger model is proposed. Finally, this study validated the proposed model with the measurement data
of the thermal response test, sandbox test, and TRNSYS DST model. All validation results showed a good agreement. These findings helped
us to investigate the thermal performance of ground heat exchangers more accurately than the analytical models, and faster than the numerical
models. Furthermore, the proposed model contributes to the design of ground heat exchangers by considering the different operation conditions

of buildings.
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Fig. 4. Ground layers of the site

Table 1. Thermal properties of the ground

Parameters Unit Value
Depth below the ground surface m 1.5
Thermal conductivity W/mK 0.52
Gravel - 3
Density kg/m 2000
Specific heat J/kgK 1840
Depth below the ground surface m 45
Thermal conductivity W/mK 1.28
Sand - 3
Density kg/m 1460
Specific heat J/kgK 880
Depth below the ground surface m 150
. Thermal conductivity W/mK 38
Granite N 3
Density kg/m 2600
Specific heat J/kgK 840
Table 2. Simulation input data for the verification
Parameters Unit Value
Site location - Seoul
Measurement period - Jan. 5%-7% 2010
Borehole length m 150
Borehole diameter m 0.15
Pipe outside diameter m 0.04
Pipe inside diameter m 0.032
Pipe spacing m 0.08
Thermal conductivity W/mK 0.6
Fluid | Density kg/m’ 1000
Specific heat J/kgK 4179
Thermal conductivity W/mK 0.49
Pipe Density kg/m® 550
Specific heat J/kgK 2250
Thermal conductivity W/mK 0.75
Grout | Density kg/m® 1600
Specific heat J/kgK 800
Design fluid flow rate kg/s 0.61
Initial ground surface temperature °C 0
Initial ground temperature °C 14.5
LHI Joumal
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Table 3. Parameters for a sandbox test

Parameters Unit Value

Inner diameter of

. . 0.0126
aluminum pipe

Borehole diameter

Wall thickness of

. . 0.0002
aluminum pipe

Borehole pipe thickness

U-tube length SDR 11 (1-in.) 183
0.0334

0.02733

U-tube pipe outer radius SDR 11 (1-in.)

SDR 11 (1-in.)

U-tube pipe inner radius

Centers of U-tube
pipes
HDPE

Distance between centers of pipe 0.053

W/mK
W/mK

0.39
2.82

Pipe wall thermal conductivity

Soil thermal conductivity Wet sand

Bentonite grout

N W/mK
20% solids

Grout thermal conductivity 0.73

Water 0.197

1056

Average fluid volumetric flow rate

Average heat input rate Electric heater
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