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The Comparison of the In-Situ Thermal Response Tests and CFD
Analysis of Vertical-type Geothermal Heat Exchanger
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Abstract In this study, a series of CFD analysis was performed in order to predict the leaving water
temperature and the slope of in-situ thermal response tests of the vertical-type geothermal heat exchangers. The
geothermal heat exchanger and surrounding ground formation were modeled using GAMBIT and simulation was
used by utilizing FLUENT which is commercial CFD code. Comparing with the results of CFD and in-situ
thermal response tests, the results of CFD was presented good agreement with 0.5C difference of Leaving
Water Temperature and with 1.6% difference of the Slope.

Key Words : CFD(Computational Fluid Dynamics), Ground Heat Pump System, In-Situ Thermal Response Test,
Vertical-type Geothermal Heat Exchanger
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[Table 1] Outline of sites

Case 1 Case 2
Location ChungNam KangWon
Depth 150 m 200 m
Diameter 32 mm 40 mm
Material HDPE U-tube
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[Table 2] Results of In-Situ Thermal Response Tests

Case 1 Case 2
Measured Time [hr] 48
Initial Ground Temp. [C] 14.5 16.0
Water Flow Rate [LPM] 243 35.1
Heat Transfer Rate [W] 8,947 11,016
Slope [-] 1.8781 1.8151
Ground Conductivity [W/m - K] 2.53 2.41
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[Fig. 3] 3D View of heat exchanger and ground

[Fig. 4] Graph of Entering Water Temp. Profiles
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[Table 3] Properties o] dmeb]E 4o SRERE REdow ¥

= = T i—
Density |Specific heat| Conductivity | Viscosity &5}t
[kg/m’] | [Jkg - K] | [W/m - K] | [kg/m - s]
Water 995.3 4183 0.6045 0.000781
2.53 (Case 1)
Ground 2800 860 241 (Case 2)

3166



3 As dugr|o F I5H AFY CFD 3|4 Bl

3.07e+02
3.06e+02
3.05e+02
3.04e+02
3.03e+02
3.03e+02
3.02e+02
3.01e+02
3.00e+02
2.99e+02
2.98e+02
2.97e+02
2.96e+02
2.95e+02
2.94e+02
2.94e+02
2.93e+02
2.92e+02
2.91e+02
2.90e+02
2.89e+02

[Fig. 5] 3-D Temp. Contours from CFD result of Case 1

[Fig. 6] 2-D Temp. Contours from CFD result of Case 1
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[Fig. 71 Test data and CFD result of Case 1
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[Fig. 8] Test data and CFD result of Case 2

[Table 4] Test data and CFD results of Leaving Water
Temperature

Case 1 Case 2
Test CFD AT Test CFD AT
12 [hr] | 26.7 26.2 0.5 26.6 | 264 0.2
24 [hr] | 28.0 | 27.6 0.4 279 | 27.7 0.2
36 [hr] | 28.7 28.3 0.4 28.7 28.5 0.2
48 [hr] | 29.3 28.9 0.4 293 | 29.1 0.2
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[Fig. 9] Slope from CFD result of Case 1
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[Fig. 10] Slope from CFD result of Case 2

[Table 5] Test data and CFD results of Slope

Case 1 Case 2
Test CFD % Test CFD %
1.8781 | 1.9080 1.6 1.8151 | 1.839%4 1.3
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