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Utilizations: Key Considerations
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2023 F LMW RV % B HR AR R R G LR BUAE

WEERE | WERHOKE | HEEACKE wxpamew)| FEERAR

(m) (W/m)

100 7.7 5.5 1.6 16.3
ERE-2 120 12.1 9.1 4.0 33.7
120 13.7 10.2 4.3 35.5
120 8.3 6.7 1.7 14.3
EE-5 120 9.6 6.2 2.1 17.8
110 7.9 5.8 2.5 22.5
110 11.0 8.2 4.1 37.7
EE-8 100 12.2 10.0 2.3 22.6
120 13.3 11.8 3.2 26.9
120 - 160 15 10 4864 38 - 42
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O AR ZREMEELEAMMR: FAER2#2271R. @R 3#2721R, (MR 27#00R. FEHR
10#1501R (RIZR)

O FiREELFRESRRELZES, AN TESEREREHEAR, CIREERINASERE (RiHE
50.0W/m) ; fR/DSCPRiREE, RERFIEERNSEIIXESE "FEKF |, LFRDTHAKIE

— | SR

it KR °C 10.1 10.0 10.5
BB E KA °C 7.8 7.8 7.8 7.8
KR ZE °C 2.3 4.0 2.2 2.7
758 m*/h 194.3 140.1 173.6 508.0
EYHhvE kW 5213 653.6 445.7 1620.6
HIEREEE R 227 272 200 699
SIRItEERAE kW 2.30 2.40 2.23 2.32

ER(ZEREVIVE W/m 11.5 12.0 11.1 11.59
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_

TEREFHESEEREENTRER

NEE 0 5 o 6 o 7
(AT J5m2 10.18 12.22 14.25 16.29 18.32 20.36 2000
(HBFERR GI/m2 0.3 0.3 0.3 0.3 0.3 0.3 £ 4000 3949.1
FHHE FG) 3.05 3.66 4.28 4.89 5.50 6.11 N 3246.2
R COP 3 3 3 3 3 3 § 3000 2548.2
FEEHE FG) 2.04 2.44 2.85 3.26 3.66 4.07 ¥ 7000 1852.6
HEIREHE 4R 849 849 849 849 849 849 %ﬂ 1157.9
HEPBESRED Am® 6113 611.3 611.3 611.3 611.3 611.28 3% 1000
BB kg/m3 2700 2700 2700 2700 2700 2700 g .
T J/(kg°C) 850 850 850 850 850 850 s s
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Canadian Geotechnical Journal, Volume 58, Number 9, September 2021 —MIT

Geotechnical considerations in the design of borehole heat
exchangers

Authors: Despina M. Zymnis i and Andrew J. Whittle = AUTHORS INFO & AFFILIATIONS

Publication: Canadian Geotechnical Journal - 1 October 2020 - https:/doi.org/10.1139/cgj-2020-0118

52 : ABSTRACT

The use of ground source heat pumps to transfer heat to and from the ground
via borehole heat exchangers (BHE) is among the most energy efficient techniques
for space heating and cooling. Broader applications in urban environments require

Canadian Geotechnical Journal

Volume 58 « Number 9 « September 2021

more careful evaluation of hydro-mechanical behavior of soil to ensure their reliable Our work has demonstrated that the long-term operation of borehole heat
long-term performance and to minimize adverse effects on adjacent structures. . o ) o . o

An advanced soil model has been integrated within a finite difference (FD) exchangers 1n clay for a realistic (but hypothetical) site in Geneva induces significant
framework. to solve coupled thermo-hydro-mechanical (THM) problems in an - - - - ..
axisymmetric space. The FD simulator is applied to a prototype project and the ureversible differential and total ground settlements| These are critically related to the
ground conditions represent typical stress history profiles found in Geneva.

Switzerland. An extensive parametric study is undertaken to study the long-term

THM response of clay for a broad range of heat exchanger design parameters. — —

The results show that significant settlements can be induced due to the long- Iggtie . Mti ;ﬁ,‘“ = Egte< . L?j- I jﬁg% I g*i
term operation of BHEs (i.e., over periods from 10-50 years). The parametric study
gives useful guidelines for heat exchanger desien and identifies a desien space of
optimum solutions that meet pre-specified foundation settlement criteria. The study iﬁ mE Hg*j m QLJ&EWMEM ,}'I,B%NBA
provides a qualitative investigation and a systematic framework for analyzing the
long-term THM response of clay to seasonal heating and cooling.

Geotechnical Considerations in the Design of Borehole Heat Exchangers, Canadian Geotechnical Journal, Volume 58, Number 9, September 2021
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XakiEgtH: (1. Introduction )
BHEs are typically installed in surficial soils, in order to avoid high drilling g‘ggﬁ%aﬁ : in%ﬁ?ﬁbniﬂ*u;@iﬂA‘ﬂ: EJZZ_

costs. Laboratory measurements show that heating and cooling of clay causes

irreversible movements (Baldi et al. 1991: Campanella and Mitchell 1968: Hueckel ﬂig_jEI‘J*gEjJ: 1E%bniﬂ$u;é£D%F QEE% EI‘J
and Baldi 1990: Abuel-Naga et al. 2006: Cekerevak and Laloui 2004), while cyclic _Lt HEFN r‘—;ﬁ:jj Eﬁ* g . ﬂ:tiﬂ_j’ )? .FiEIJ e Z_é
I\\\ NI o \I\\\

heating and cooling can generate significant long-term accumulation of thermal
: : : ; h e el b A =Ty = < HA T (52
strains (Campanella and Mitchell 1968: Hueckel et al. 1998; Di Donna and Laloui U\&vagsklzzﬁ'ﬁfbew:ﬁ&%ﬂgftﬁﬁﬂh I

2015). Therefore the continuous operation of GSHP installations can result in T%\E%Xj J: ): J:%_.EIJ *@E@*ﬁsﬂﬂgmg?

significant long-term settlements, which could adversely affect the overlying

structures or adjacent foundations. EZ:*IJ ’"I']*UNBA
XHRiZ R 3Bk :

1.Baldi, G., Hueckel, T, Peano, A, and Pellegrini, R. 1991. Developments in modeling of thermo-hydro-geomechanical behaviour of Boom clay and clay-based buffer materials. Report 13365/2 EN.
Luxembourg: Publications of the European Communities.

2. Campanella, R.G., and Mitchell, J.K. 1968. Influence of temperature variations on soil behavior. ASCE Journal of the Soil Mechanics and Foundation Engineering Division, 94(SM3): 709-734.
3. Hueckel, T, and Baldi, G. 1990. Thermoplasticity of saturated clays: experimental constitutive study. ASCE Journal of Geotechnical Engineering, 116(12): 1768-1796.

4. Abuel-Naga, H.M., Bergado, D.T., Ramana, G.V., Grino, L., Rujivipat, P, and They, Y. 2006. Experimental evaluation of engineering behavior of Bangkok clay under elevated temperature. ASCE Journal of
Geotechnical and Geoenvironmental Engineering, 132(7): 902-910.

5. Cekerevac, C., and Laloui, L. 2004. Experimental study of thermal effects on the mechanical behaviour of a clay. International Journal for Numerical and Analytical Methods in Geomechanics, 28(3): 209-228.

6. Hueckel, T., Pellegrini, R., and Del Olmo, C. 1998. A constitutive study of thermoelastoplasticity of deep carbonatic clays. International Journal for Numerical and Analytical Methods in Geomechanics, 22(7),
549-574.

7. Di Donna, A, and Laloui, L. 2015. Response of soil subjected to thermal cyclic loading: Experimental and constitutive study. Engineering Geology, 190: 65-76 Page 17 of 46

Geotechnical Considerations in the Design of Borehole Heat Exchangers, Canadian Geotechnical Journal, Volume 58, Number 9, September 2021
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2.2 PiRERERREREINRSIRL . AMUEEIFETIENA? .

MK HiF #rﬁ'fiﬂrﬁ ﬁﬂffﬂ% .‘.E.7J§iﬂr§" EINRE | AT | TEKIYEE RIFIS =t
m C C C m3/h kW W/m
%£E Hawaii 1962 110 30 98 47 370 188.6 /
#ZH Penzlau 2786 108 40 60 6.1 139 49.9 Rt
#E Aachen 2500 85 30 40 10.1 117 46.8 EiEtR 2
o TR -
I#+ Weggis 2300 78 32 40 10.7 100 43.5 EiEityn,  TREBRTATEIST (2500m)
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Nl R FEZE( ;

O KSR AERINEITREREXA, SEERETFETWAFNELRH, 2009F K517, 20116XF;
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