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Abstract: A centrifugal model test was conducted on an energy pile-soil heat conduction system, fea-
turing a pile length of 52.5 meters and a pile diameter of 1.05 meters. This study investigated the heat
transfer patterns between the energy pile and the surrounding soil over 30 cycles of cold and hot tem-
perature. A long-term numerical model for the temperature field around the pile was established using
ABAQUS finite element simulations and validated against centrifugal model test results. The follow-
ing conclusions were drawn: the simulated temperature variations within each cycle closely matched

the measured values, exhibiting consistent overall fluctuations and a maximum relative error of 5.6 %,
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confirming the model’s accuracy. The overall operational efficiency of the energy pile showed a declin-

ing trend under long-term thermal cycling. Temperature changes in the soil at the pile end lagged be-

hind those in the soil at the mid-section of the pile. To enhance the heat exchange performance of the

energy pile, it was suggested to increase the density of the pipeline layout within the pile end area.

During the heating stage of the thermal cycling, the peak temperature in the simulated variable temper-

ature zone was higher than the measured peak temperature. Conversely, at the end of the cold cycle,

the simulated values were lower. Additionally, the measured temperature variation time intervals at

different distances from the pile lagged behind the simulated time intervals. This lag effect became

more pronounced with an increasing number of cycles.

Keywords: energy pile; centrifugal test; thermal cycling; temperature field; numerical simulation
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Fig.1 Schematic diagram of temperature sensor layout in

centrifuge model
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Fig.3 Schematic diagram of model pile construction

B0k 06 AR R A N PN A AR R A U TR
R R R DU o AR, B B R R
A B0 0 AR AR R JE P A B U B 5 A TR L
R A BR A 2 AR AT B T R TR R b X i B Kb
Jo A AR it o 4 B 3 A7 AR A FH A5 S A R R
S L S A RDR BT 4 BRI AR T R ok AR 0L K 5 S
B ek J3E o7 017 0 o A 8L D S RS MK 52.5 m,
FEAE 1.05 m, P4 0.84 m, 43 51 i AR BE IR )2 5 40 i 4%
2, A IR E R i . MRS EOLER 2,

(B Eaa B Z N I I 1= A e o 7R A O
TE WA T 0 RS n0Hs IR 2 AT DD TS AL R B
BE AR 2 B, ) AE A R0 1.4.2.8.4.9.7.0 m
A7 Ab XoF B S A A4 A5 4 R AT R 43 BETRYE LN, 43
X R AR A 14.35.28.25,38.15 m Ab 4 vk X+ 4k
gk BEAT R 43, E 53 58 UR L E ORE T AR B R R
P, S AL IR SR

700

R2 BEMBSH

Table 2 Model material parameters

B M/ %fﬁp( e,/ #IEIk R
(We(mek) ") (kgem *) (Jelkg'k) ') a/(peC )
L 155 2750 896 23.6
R 4.5 1700 600 60
A IR 1.5 1950 550 60
A& 4= 14 1.5 1509 1 000 1X10°

2.2 WWBKBAREHETIE

2.2.1 A4k E& ML

B AR R G A T 4R B 3 40 F 7 MR A b S
HAF BERE AE R b AR b R O A A ) A AR
DX Sl SR S R G IR E RRE—3
222 HpHFRE

WO AR 3 o AR - B 1y 2R S AR B AT
G PR I TR Ry — A AR 3 B A 5 0 IR R SR i I
] K B oh 27.45 y, 5528 865 757 031 s iy ATHA;
R T DR P 2 L R 8 LR i B R R B ot
R KA 252 100 000,
223 MEERRAREHEE

T HEAT 53 B SR A i, el T 4 B RS O, A Ut
Mk A A AR 4 fik 0y ORS8O K. 5%
T T DA TET A 3 I, AR A AR A0 o R o AT R
A, 2 fah 5 1) R ARCE Sy 32T Y YA 20 1R T HL
T AT DA R AT, T DA T AR 2 ]
o G LR N, H 2% i S 5 5 0 A A R
FEME NI 22 5, DR 3 R A 0 R SRy T, A
5 A S A R kg AT E AT by U R R
AR R G IE R E S RS —EE .

2.3 MRX S

RoAhi L RARTME S ZE . H
ABAQUS X A B J A J& A= 14 43 51 a2 A7 = 2k I A% Kl
Gy o BEE PR ] JE M R R IX I LR 25
m X 25 m X 63 m, Wk JE KA A A s S A v AR
JFH R X L 114 190 A 2 32

52 JRE B 5 AR AR BORL R, TS R
O 328 36 A5 AR X A A D R R BRI BE K 52.5 m, B
2k 1.05 m, 300 A A58 4 A 1A B E AT A% in 2, il
S 0 T A 2 AR R — B, 52.5~63 m B B R
A 30 FRl P A A 55 0 B i o R B R E — B0, B bE
B B A A 28 728 10 W 0055 0 i 7 5, 0 X DO A 2R AT



bE-L AT R ]

P4 kR A BROT RS R

Fig.4 Finite element mesh of soil around pile
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Fig.6 Lateral temperature distribution of soil around pile
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