Joumal of the Korean Society of Civil Engineers ISSN 1015-6348 (Print)
Vol. 35, No. 2: 361-375/ April, 2015 ISSN 2287-934X (Online)
DOI: http://dx.doi.org/10.12652/Ksce.2015.35.2.0361 www.kscejournal.or.kr

US SEEA (UL duzt @8 X MY W

* *% —| S *** xS *k3kkk
HEARDY - LB MR - HIg

Park, Sangwoo*, Kim, Byeongyeon**, Sung, Chihun***, Choi, Hangseok****

Evaluation of Heat Exchange Efficiency and Applicability for
Parallel U-type Cast-in-place Energy Pile

ABSTRACT

An energy pile is one of the novel ground heat exchangers (GHEX’s) that is a economical alternative to the conventional closed-loop
vertical GHEX. The combined system of both a structural foundation and a GHEX contains a heat exchange pipe inside the pile
foundation and allows a working fluid circulating through the pipe, inducing heat exchange with the ground formation. In this paper,
a group of energy piles equipped with parallel U-type (5, 8 and 10 pairs) heat exchange pipes was constructed in a test-bed by fabricating
in large-diameter cast-in-place concrete piles. In addition, a closed-loop vertical GHEX with 30m depth was constructed nearby to
conduct in-situ thermal response tests (TRTs) and to compare with the thermal performance of the cast-in-place energy piles. A series
of thermal performance tests was carried out with application of an artificial cooling and heating load to evaluate the heat exchange rate
of energy piles. The applicability of cast-in-place energy piles was evaluated by comparing the relative heat exchange efficiency and heat
exchange rate with preceding studies. Finally, it is concluded that the cast-in-place energy piles constructed in the test-bed demonstrate
effective and stable thermal performance compared with the other types of GHEX.
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Table 1. Material Properties and Configurations of Heat Exchange Pipe
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Material property of heat exchange pipe High density polyethylene (HDPE)
o Inner diameter 21mm
Specification -
Outer diameter 27mm
Cast-in-place energy pile Parallel U-type 5 pairs 130m
Configurations and total length Parallel U-type 8 pairs 208m
Parallel U-type 10 pairs 260m
Soecificati Inner diameter 16mm
Closed-loop vertical pecitication -
GHEX Outer diameter 20mm
Configurations and total length Single U-type 60m

Table 2. Specification of Cast-In-Place Energy Piles and Closed-Loop Vertical GHEX

Type Diameter Penetration depth Number Configuration of heat exchange pipe
Large diameter cast-in-place energy pile| < 1,500mm 14.0m 3 Parallel U-type (5 pairs, 8 pairs, 10 pairs)
Closed-loop vertical GHEX & 50mm 30.0m 1 Single U-type
U T)DLZSSD s (@1,500) U TyL E; s (@1,500) U-Type ‘Dcpaew'f. (@1,500)
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Strain gauge

(a) Parallel U-Type 5 Pairs
Fig. 1.

(b) Parallel U-Type 8 Pairs
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(c) Parallel U-Type 10 Pairs

Schematics of U Type Cast-In-Place Energy Piles
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(c) Parallel U-Type 10 Pairs

(d) After Energy Pile Construction

Fig. 2. Construction of Cast-In-Place Energy Piles
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Fig. 3. Results of TRTs on Different GHEXs

Table 3. Results of TRTs Along with Line Source Model

Type Depth of borehole Applied heat amount slope Thermal conductivity of ground
U-type 5 pairs 14.00m 5214.61W 4.44 6.68 W/mK
U-type 8 pairs 14.00m 8756.52 W 6.22 7.02 W/mK
U-type 10 pairs 14.00m 8775.83 W 5.10 9.78 W/mK
Closed-loop vertical GHEX 30.00m 3798.86 W 3.05 3.30 W/mK
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Table 4. Reference Values for TRT in Other Closed-Loop Vertical GHEXs (Park et al., 2012; Lee et al., 2013)

Type No. Grout type borehole depth Applied heat amount slope
1 Cement-+Silica sand 81m 10618.48W 3.26
2 Bentonite+Silica sand 142m 10811.47W 2.04
Urtype 3 Cement+Silica sand+Graphite 150m 10591.38W 1.61
4 Bentonite+Silica sand+Graphite 148m 10730.06W 1.82
5 Cement-+Silica sand 137m 10619.65W 1.69
3 pipe type
6 Bentonite+Silica sand 148m 9168.93W 1.45
Table 5. Relative Heat Exchange Efficiency of Various Types of GHEXs
Type Length of pipe / borehole slope effrorehole effpipe
U-type 5 pairs 130m/ 14 m 4.44 83.86 9.03
U-type 8 pairs 208 m/ 14 m 6.22 100.49 6.76
U-type 10 pairs 260m/ 14 m 5.10 122.95 6.62
Closed-loop vertical GHEX 60m/30m 3.05 41.52 20.76
Borehole 1* 162m/81m 3.26 40.21 20.10
Borehole 2* 284 m/ 142m 2.04 37.32 18.66
Borehole 3* 300 m/ 150m 1.61 43.85 21.92
Borehole 4* 296 m/ 148m 1.82 39.83 19.93
Borehole 5* 274 m/137m 1.69 45.86 2293
Borehole 6* 296 m/ 148m 1.45 42.72 21.36

*Closed-loop vertical GHEXs in Table 4 (Park et al., 2012; Lee et al., 2013)
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Table 6. Estimation of Heat Exchange Rate Per Pile Length and Pipe Length

Length of pipe | Heat exchange amount | Heat exchange rate per unit pile length | Heat exchange rate per unit pipe length
Type
P L | Ratio QW) Q.. (W/m) Ratio Q.. (W/m) Ratio
g Coolin, 3217 229.79 1.00 24.75 1.00
Urtype 2 130m | 1.00
5 pairs | Heating 1536 109.73 1.00 11.82 1.00
g Coolin, 3712 265.14 1.15 17.85 0.72
Urtype T8 1 208m | 16
8 pairs | Heating 1713 122.32 1.12 8.23 0.70
g Coolin, 3902 278.71 1.21 15.00 0.61
Utype & 260m | 2.00
10 pairs | Heating 1813 129.54 1.18 6.98 0.59
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Fig. 9. Heat Exchange Rate for Drilled Depth and Pipe Length of Various GHEX (Johnston et al., 2011)
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Fig. 10. Heat Exchange Rate for Parallel U-Type Cast-In-Place Energy Pile
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