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ABSTRACT In recent years, the utilization of geothermal energy for buildings has increased significantly. Among the existing
geothermal energy systems, open loop systems show better efficiency than closed loop systems because of the direct heat exchange
with groundwater or surface water. On the other hand, there are a lack of technical and institutional standardized procedures for the
design of open loop systems. Therefore, this study proposes an improved design method of an open loop geothermal system using the
borehole thermal resistance based on the result of a numerical study using a commercial finite element program (COMSOL
Multiphysics). The borehole thermal resistance obtained using the numerical study was 43% lower than that calculated using the
existing method. Consequently, the proposed design method can reduce the design length of a ground heat exchanger by approximately
5%. Similar trends of a lower borehole thermal resistance (42%) and shorter design length of the ground heat exchanger (2%) were
also observed in the application of the proposed design method to the open loop system in a military facility.

Key words Geothermal Energy(*] & o4 ), Open Loop System(7} & A] 2~ #l), Standing Column Well($-%& 3+ &), Borehole
Thermal Resistance( = o] & & #&}), Thermal Response Test(E -5 A &)

Nomenclature u : Darcy velocity, m/sec
S : Storage coefficient, 1/Pa
Q : Transferred heat energy, W p : Fluid’s pressure, Pa
L : Length of ground heat exchanger, m & : Hydraulic conductivity, m/sec
A : Thermal conductivity, W/m-K C, : Specific heat at constant pressure, J/kg-K
a : Thermal diffusivity, m*/sec .
m : mass flow of water, kg/sec
T : Temperature, C
. 3
p : Density, kg/m !
. Subscript
e : Porosity
b :borehole
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2) Department of Civil and Environmental Engineering, Korea eq :equivalent

Advanced Institute of Science and Technology, Korea
E-mail: srlee@kaist.ac.kr
Tel: +82-42-350-3617 Fax: +82-42-350-7200

bgs : below ground surface
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Fig. 1. Open loop system (Standing Column Well)
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Table 2, Conditions for example thermal response tests
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Fig. 3. Numerical modeling of Sejong site
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Table 6. Improvement by new design method (Resistance

and length of borehole)
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