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Evaluation of Ground Thermal Conductivity by Performing In-Situ Thermal
Response test (TRT) and CFD Back-Analysis
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Abstract

In this study, a series of CFD (Computational Fluid Dynamics) numerical analyses were performed in order to evaluate
the thermal performance of six full-scale closed-loop vertical ground heat exchangers constructed in a test bed located
in Wonju. The circulation HDPE pipe, borehole and surrounding ground formation were modeled using FLUENT, a
finite-volume method (FVM) program, for analyzing the heat transfer process of the system. Two user-defined functions
(UDFs) accounting for the difference in the temperatures of the circulating inflow and outflow fluid and the variation
of the surrounding ground temperature with depth were adopted in the FLUENT model. The relevant thermal properties
of materials measured in laboratory were used in the numerical analyses to compare the thermal efficiency of various
types of the heat exchangers installed in the test bed. The simulation results provide a verification for the in-situ thermal
response test (TRT) data. The CFD numerical back-analysis with the ground thermal conductivity of 4 W/mK yielded
better agreement with the in-situ thermal response tests than with the ground thermal conductivity of 3 W/mK.
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Fig. 2. Cross section of heat exchanger and heat transfer mechanism (Choi et al., 2008)
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Fig. 3. Location and geological profile of test-bed site
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Table 1. Grout types and pipe sections of boreholes

Borehole

No. Grouting method

Pipe section

Cement + Silica sand

Bentonite + Silica sand

U—tube — -
Cement + Silica sand + Graphite

Cement + Silica sand

1
2
3
4 Bentonite + Silica sand + Graphite
5
6

3 pipe type
Bentonite + Silica sand
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Table 2. Fluid velocity circulating heat exchange pipes

Borehole No. Fluid velocity (m/s)
1 0.930

0.703

0.617

0.605

0.700

0.641

U—tube

3 pipe type

| O BN




4003 (mm)
4500003

Fig. 5. Numerical modeling configuration of heat exchanger (3 pipe type)

Table 3. Modeling properties for borehole and ground (Korea Expressway Corporation, 2007; Niekamp et al., 1984)

Borehole No. Components (Dkzr}zts))/ Sp((eJc/iliigc. KH)eat Therm?\;v/cng?g;ctivity Xl;?;s'g
Fluid 998.2 4182 0.6 0.001003

All 1~6 Pipe 955 525 0.4 -

Ground 2600 790 3.0, 4.0 -

1 Cement grout 2300 510 1.6 -

2 Bentonite grout 1800 3200 11 -

3 Cement grout 2200 840 2.1 -

4 Bentonite grout 1700 3500 1.2 -

5 Cement grout 2300 510 1.6 -

6 Bentonite grout 1800 3200 11 -
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Fig. 9. Estimation of effective thermal conductivity of ground

Table 4. Results of effective thermal conductivity of ground

. . . Effective thermal conductivity (W/m-K)
Borehole No. Grouting method Pipe section - -
TRT results Numerical analysis
1 Cement + Silica sand U-—tube 3.20 3.25
2 Bentonite + Silica sand U—tube 2.97 2.88
3 Cement + Silica sand + Graphite U—tube 3.49 3.32
4 Bentonite + Silica sand + Graphite U—tube 3.17 2.99
5 Cement + Silica sand 3 pipe type 3.65 3.84
6 Bentonite + Silica sand 3 pipe type 3.40 3.26
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