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A Study on the Effects of Design Parameters of Vertical Ground Heat
Exchanger on the Borehole Thermal Resistance
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Abstract Currently, vertical closed ground heat exchangers are the most widely utilized geothermal heat pump
systems and the major influencing parameters on the performance of ground heat exchangers are the ground thermal
conductivity(k) and borehole thermal resistance(#,). In this study, the borehole thermal resistance was calculated from
the in-situ thermal response test data and the individual effects of design parameters (flow rate, number of pipe, grout
composition) on the borehole thermal resistance were analyzed. The grout thermal resistance was also compared with
the correlations in the literatures. The borehole thermal resistance of the investigated ground heat exchanger results
in 0.1303 W/m.K and the grout thermal resistance (66.6% of borehole thermal resistance) is the most influencing
parameter on borehole heat transfer compared to the other design parameters (pipe thermal resistance, 31.5% and
convective thermal resistance, 1.9%). In addition, increasing the thermal conductivity of grout by adding silica sand
to Bentonite is more effective than the other design improvements, such as an increase in circulating flowrate or
number of tubes on enhancing borehole heat transfer.

Keywords : Geothermal Heat Pump System, GHE : Ground Heat Exchanger, Ground Thermal Conductivity, Borehole
Thermal Resistance, TRT: Thermal Response Test
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Table 1. Borehole configurations coefficients

Configuration B Bs
Along outer well 21.91 -0.3796
Average 17.44 -0.6052
Close together 20.1 -0.9447

Table 2. Parameter value

Parameter Symbol Unit Value
Borehole radius Ty m 0.075
Pipe in radius T pipesi m 0.0175
Pipe out radius T pipeso m 0.021

From bo‘rehole center S m 0.037
to pipe center
Pipe thermal
conductivity e W/mK) 0389
Soil thermal Foun W/(mK) 3.03
conductivity
1
Rg = — . Ln()(1 ‘/X2> (12)
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Table 3. Variable of individual thermal resistance

Parameter Unit Value
Circulation flow rate L/min 25*, 35, 45
HDPE pipe No. tube 2% 4
Grout material W/(m'K) 0.7995* ~ 1.1791
* standard condition
020
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0164
g 0.14 R, =0.1303 (m.K/W)
< —— -
g N -0-7 % - -
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Fig. 9. Contribution of individual thermal resistance
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