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Abstract The in-situ thermal response test for the design of a ground heat exchanger of geothermal heat pumps have
difficulty in predicting the outlet temperature according to the variation of conditions due to the expense and time.
This paper suggests a 3-D CFD analysis method to predict the heat transfer performance of vertical type ground heat
exchanger, which is mostly used in national, and the outlet temperature and the slope of two in-situ thermal response
tests were compared to test the proposed CFD reliability. The results of CFD analysis showed that the outlet
temperature was predicted to within 0.5C of the actual value and the slope was predicted to within 1.6%. The
reliability of the CFD analysis method was confirmed using this process, and the outlet temperature prediction of the
two in-situ thermal response tests was obtained by changing +20% of the flow rate and the effective thermal
conductivity conditions, respectively. The results of CFD analysis showed that the outlet temperature of Case 1 was
28.0 (-20%) and 29.6C (+20%) for the flow rate variation and 29.6C (-20%) and 28.0°C (+20%) for the effective
thermal conductivity variation, and the outlet temperature of Case 2 was 28.4 (-20%) and 29.8C (+20%) for the flow
rate variation and 29.7°C(-20%) and 28.4C(+20%) for the effective thermal conductivity variation.

Keywords : CFD(Computational Fluid Dynamics), Geothermal Heat Pump, Ground Heat Exchanger, In-Situ Thermal

Response Test, Outlet Temperature.
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Insulation

Flowmeter Pump Water supply
Borehole
Grout Ground heat exchanger
Fig. 1. Schematic of in-situ thermal response test
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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. 2. 2D View of heat exchanger

Fig. 3. 2D View of heat exchanger and ground
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Table 3. Properties

Density | Specific heat | Conductivity | Viscosity
[kem’] | [kg-K] | [Wm-K] | [kg/m - s]

Water 995.3 4183 0.6045 0.000781

Ground | 2800 860 iii Egzzz 2 ;
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Fig. 7. Test data and CFD result of Case 2
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Table 4. Test data and CFD results of water temperature

Table 5. Test data and CFD results of slope

Case 1 Case 2 Case | Case 2
Test CFD AT Test CFD AT Test CFD % Tost CFD %
12 [hr] 26.7 26.2 0.5 26.6 26.4 0.2
24 [hr] 280 276 04 27.9 277 0.2 1.8781 1.9080 1.6 1.8151 1.8394 13
36 [hr] 28.7 28.3 0.4 28.7 28.5 0.2
48 [hr] 29.3 28.9 0.4 29.3 29.1 0.2
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Table 6. CFD results of the flow rate variation

0 Case 1 Case 2
-20% Base +20% -20% Base +20%
12 [hr] 253 26.2 26.8 25.7 26.4 27.1
24 [hr] 26.7 27.6 282 27.0 21.7 284
36 [hr] 274 283 29.0 27.8 28.5 29.2
48 [hr] 28.0 28.9 29.6 28.4 29.1 29.8
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Table 7. CFD results of effective thermal conductivity

variation
Case 1 Case 2
: -20% Base +20% -20% Base +20%
12 [hr] 26.8 26.2 254 26.9 26.4 26.0
24 [hr] 282 27.6 26.7 283 21.7 273
36 [hr] 29.0 283 274 29.1 285 28.0
48 [hr] 29.6 289 28.0 29.7 29.1 28.6

 CFD 14 A A4 @) nolE g A%
Q] 914, ey gee] Birdy aea A%
el A3 G5 AT sfofe] ofe e HEO 9l
8 Q4% Aol WY BSH AF AN} tha: Aol7}
BT 5 21ee welsler gt

Alde] 32H4
OF CFD 3}]/\«1 7]tﬂ KR o]
w7 el Ads] B
2) CFD &4 A3} 27)49] =
£ 0.5C H) UlellA o
oltfell A Hd3s] o3

2 C

mlo JIN‘

34

References

[1] S. K. Yim, "The Practical Study of Geothermal Heat
Pump System", 2002-N-GE11-P-030, 2005.

[2] Y. B. lee, S. L. Cho, C. H. Kang, 1. K. Jung, C. G. Lee,
J. H. Sung, S. O. Chung, Y. B. Kim, "Analysis of Heat
Transfer Characteristics in Soil for Development of a
Geothermal Heat Exchanger System", Korean Society
for Agricultural Machinery, Vol. 30, No. 3, pp. 185-191,
2005.

[3] S. S. Kim, "A Study on the Heat Pump System by using
Geothermal Energy", Gyeongsang National University,
Doctoral dissertation, 2010.

[4] S. W. Woo, J. H. Kim, S. H. Shin, K. I. Hwang, "The
Comparison of the EWT&LWT between Field
Measurement and CFD of Vertical-type Geothermal Heat

Exchanger", Korea Society of Geothermal Energy
Engineers, Vol. 3, No. 1, pp. 11-16, 2007.
[51 S. K. Lee, J. S. Woo, D. K. Kim, "A Study of

Determining Initial Ignoring Time of Line Source Model
used in Estimation the Effective Soil Formation Thermal
Conductivities", Journal of Energy Engineering, Vol. 17,
No. 3, pp. 167-174, 2008.

[6] K. Torikoshi, G. N. Xi, "Numerical study of flow and
thermal fields in finned tube heat exchangers",
Proceedings of the IMECE, HTD-317-1, pp. 453-458. 1995.

0| 5| (Hee-Sang Lee) (%3] 9]
¢ 1978 29 FAWIA FIA}
01982 29 : SATek (FEFAAh
1999 29 ; HlIdshal (F8HA}
¢ 198011 2¢¥ ~ 20109 14¥ : <IA

st ag
2010 2¢¥ ~ &A :
Al

B Q
F

e =

oE Mz
o
z

} System



CRD H4E ol8T WY AW ABY EFLE A5

A 8 M(Yong-Sub Sim) (&3]

02003 2¢ : AW 7)AE
I (FEAAD

020149 29 : AHNEgw 7|AF}
¥} ukA}

<gh Rop>

g, AN

35



