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Prediction of Heat Exchange Rate in PHC Energy Piles
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Abstract

The use of energy pile foundation has increased for economic utilization of geothermal energy. In particular,
coil-shaped ground heat exchanger (GHE) is preferred to the conventional U-shaped exchanger to ensure better efficiency
of heat exchange rate. This paper presents a numerical and experimental study on the heat transfer behavior of PHC
energy piles. Field thermal performance tests (TPTs) were conducted for the PHC energy piles installed in a partially
saturated weathered granite soil deposit, in which two types of GHEs were considered: W and coil shaped GHEs. Besides,
three-dimensional finite element analyses were also conducted, and the results were compared with the experimental
results. According to the results of TPT and numerical analyses, the coil shaped GHE showed 10~15% higher heat
exchange rate than the W type GHE in the PHC energy piles.

2

A Bol AAH ABAIA TEL SAste] ouix wade] Hgo] Hrfsw giek 53] 6 & A W HEL
sustus ouix) ol 39wk g GRS Q7] U BYH UAE AF Gudlvh ofd 298 AF
QW) S HYSHe F97h Solkar ik £ =Re i PHC o] shelo] ol 415 & g Aol e 4%
4 L APH ATLE Sk BFFBER o|Fold WAl PHC oux] sl M5t WAHH 193
A% GRS AT F ool thT AF GAS AFS STt A 349 FRRLHAE SAste] AF
28 9 A% AN ) TS 2F WS oS5 o2 Adg wstch W HE 715 22 sl
29 Aasy) o84 WABE ol §US Wt 10~15% Fmergo] ASHE AL ¢ 4 gt

L.ME

S Baghr] AT

>
ol
)

X
_>i',
i

Q
El
rlot
~N
i

o =
oX
Jon
o
7]
—

Y
ot
e
oM
of
1o
i)
£

x
I
—‘F—l'
oX
—_
<
a
=]
IS
a
g
Q
=
a2
i<
®
2
[¢]
%)
=3
o
a
=
S
w)
a
=
=
o
=8
Q
S,
g
a
es)
5
s.
3
3
3
(e}
=
2
B
m
=]
U
7]
-
3

3]9l, KAIST 7212498
WATA A

43l g, A EAE AR BN ARIY- 2] (Member, Assitant Manager, Civil and Infrastructure Business Unit, Samsung C&T Corporation)
]3] 9, KAIST AX9E7

]3] 9, KAIST AX9E7
B =R tigh BoE ks 39S 20149 3€ 3197H4 1 €S g2 HuFAY] vigiuch Axke] AE g3t A =3l AlAste] =y

Nk
o
oM
o
I3
=)
=
B
P~
<
g
o
a
g
g
=
w)
a
=3
o
=8
Q
=.
g
o
g
=.
3
5]
3
a
=3
=N
m
=
a
7]
'
—
o,
+
)
'Y
S~
W
o
wn
@
%)
=
N
e
o
%
+
oo
'
i
&
(o)
wn
e
N
S
S
=
@
=
[}
S
=
=8
@
o
o
T

* AW

PHC OlILIXI I t

Sugs o

i

ul

1=
fon

Fei 31



o)

T AnE oA 4= dWulElof] Yotz AlFE ARk
Sk o= Mgt 27] AlEH| A7 oF71E

th oolof thgt thete = o= T, Sk 59
T8O 7|2 A A A RBNE wYshe et
ZLE 3 glow o] ZHoflA WE 7| o] AF dushy|
£ w5t olv A o] 7 e AREE AL Qi
(Brandl, 2006).

Adistgs) 4 dse deqoe 24 o o

= Q 5}—Eﬂ of 2]zl O‘EP whebA] Fig. 13 o] o
A U A5 dulgty] ofejol I Fej| A5 &
23712 wglae Weto] A4E Qrk oA Tl
© 27) BAuZL ARt A% 24 e
A7 "Q g So] AR o] 9ith
23] vEw, gl UAd A% dash] B o
el A 2% Qrsir)7h AR oy wale] 7
S Thopet AR, ol 24 AT} SaEglon o) b
GOz 3 g 314 mdo] A2Elo] 9Irk(Morino and
Oka, 1994; Laloui et al., 2006; Pahud and Hubbuck,
2007; Sekine et al., 2007; Choi et al., 2011). =U]2] 52
PHC 3¢l 7|25 o]-&3 A5 dugy] /i 9 A&
B7KYu, 2008)2} o Ui #] Trele] A A% 9z} HA
(Jeong et al., 2010), 12|21 o x| T}do] Aust &

B

o

spiral
coil

concrete
pile

U-type

Coil-type

Fig. 1. A vertical borehole and a pile with coil type GHEs (Man
et al,, 2010)

32  E=RLLESe =28 H29d M9=

EeS S Qf&
Hl}-35]
I_.

2010) 5] ek 9] ]
QA oz Tfale] A :Yo| Bt v]alstA] PAak
O Qg A o B A A8 Ao <l

We A7t A=A gk

et 2 Aol SR
ofl PHC o] shele A5t WA
AuF|E gl o Axje ¥ Ay 2
sto] oLi#] Thole] AWFEL =
© BBo =AY 28, 16413}
P Ao n 4U%F AZE 2k
2 (regression analysm)% %o]-Oﬂ] 370

t

e dlEsiee w9

i‘l
i
tr
)
u
2
o2

ox, o

or 1?1

K

e ot ne
o off X
g

ofN

ol
>
> o

o2
o
o
2
>
oX,
ol

ot
=
N
T
fru
N

o,

N
Y
fu
=
rx

F

me rly
i
12
10 Ay
e
2

Lo 4> p2 ¥R oof fr om

=T
ok

2.1 MU o R XS Sugr| dx| =A

o

R

& TAHE H U2 R PHC YU o
3t

o)
ug
%,
o[r
>
ol
lo
>.
QE
2
_EL
=2
g
_>i
ﬂlS

PHC m}ol U] PB(Polybutylene) MHA Tfo] ()7

[ed

Coil type

Fig. 2. Diagram of energy piles



/W7 20mm/16mm) S WA 9 1 ez A&t = ARG o| A wk Bl 2|5 Aulehr] o] Al e
Witol AIHE T2 e-EE e ez FAE e | Fig. 39] ()~(D= 4% A A ovA] odo] =
o Amsl] WA A Fig 29 @ov] £ e 7k & AFHAS BelFn gk
AL 10m olty. ZUT Fulehr] o] oF oA 2 94|
AL sem HER §AEON WAR dmsrls 2o gMs MY el
AlE oAzE aefsto] PHC hd o] A x]ske) o

A7) JEF HE9oll #7]4] AllA 2l RTD(Resistance AT dughr|o] dAE wAUSS ddE fA7}
Temperature Detector) AA S A5t A3 X o HolZ o] ulo| Y& o|EstHA 1S E AR}
ol AEEALE Set Aot Esheol Fagtom 2y O] AvoR 98 F4 ER WESHs Bl A
=o] Qlgith 1 & EFFELE 19/30~50/129) NG 714 T Gugr|eF Atz o] dHd AFS 5
TR O S 2ue AUUES e B T Bel sAYSe] Belshu Autg o Ayt

|o
fu
1o

Aol Ak AE 2 APy 294 BE BRE AALE Awo] 23] o] Fol Alck(Brandl, 2006).
Aol TRl FROA GLOASM 4 12T ofuA] s Ameres Agsh) Slshat

wof YAkt EEF GL(-)11.50m A% o]3lof A= AR wi7fA e A AdE AbEstel dughgs A

Fopero] Atk A S 2 YT Table 12 A3 stojof gtk 2 AoA= AES Fto] dud=

FYEE 228 s Alofgt & 2+ 258 5

Table 1. Specifications of energy piles Aot 5 Al (1) o] &5t dudg-3 AHgstath
GHE W type Coil type

Inner diameter of pile (mm) 225 245 Q/L= mc( Tt — TfA,outlet)/L (1)
Outer diameter of pile (mm) 400 400
Pile length (m) 13.27 12.8

Pipe length (m) 48 196 oI7]A, mE &Fro] A 55 4 (mass flow rate,

Type of grout Cement Cement kg/s)0]al o= 3] v|E aE|al L 19 Zojo]

(d) Cement grouting (e) Heat conservation of pipes (f) Connection to TPT equipment

Fig. 3. Construction process of energy piles
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Table 2. TPT equipment

[tem Specification

Heater Capacity 5 kW
Water Tank 20 L (SUS 304)
Flow meter 2~20 Ipm

Pump 40 m head, 100 lpm

Sensor RTD
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Material Thermal conductivity (W/mK) Specific heat (J/kgK) Density (kg/m?)

Layer 1 1.10 1160 1800

Layer 2 2.40 1280 2140

Layer 3 3.24 823 2640
Cement grout 2.02 840 3640

PHC pile 1.62 790 2700

PB pipe 0.38 525 955
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Table 4. Summary of numerical analysis and experimental results

GHE type Four—day heat exchange rate (W/m) eI:r:zigén?arlteh (fx/antﬂ
1day 2day 3day 4day 4—day average 3—month average
W type Experiment 102 95 92 90 95 (Regressrfganalysis)
ABAQUS 104 96 93 AN 97 74.8
Experiment 134 121 115 112 120 (Regress?jfanalysis)
Coil type ABAQUS 137 124 116 111 123 94
CFD 135 122 115 109 120 -
A TERSE 9 ANkt Yo AWE WMAOR SER () £ ATelA 289 34 gekas AL @
7F M2 ARbo] A7) wiEe] ARtem o WEAT A AaE v JEsH EAlshs e o
o] A7] ‘IH%O Aoz dedEnt EJL AZe] A g5 T AT ZLF wEr] A fA|s A =
HugEe fash=t ol= Algto] Ads A4k 10% 7}'3*«1 S 27} A sk A= 01% AA AlE
S=7F 7 Aol ol ANt k] AR Al D T Z7F DA FAEA] 7 A 2
HaE 257 fiZo|th Table 4= A7kof| The dal ZRQl Aor gEnh IdY dudr]|E o] &gt
7] Fed dughs Ags vehdc 4d7kel Alsl4 9] 4% ABAQUS ¥ CFD 43|
a4 ZH7F 4=945k4l o CFD @j4lo] 2 ¢ A
5.4 2 WY AR ATE BY oL 2 944 wol
A opgkh FAY As] A A WARS of
B R AE sEEE AFoR FAE A FHE rch 9k ol d WERL 10~15%
PHC ofif7] shele UA)5tn WAZh 299 A% o 7Kg AMFEO] A AS & 4 ek ST
WS AARE & W AT AES st A ufo|iz oy & ﬂZﬂ:%S Hhi = WARgo] 2
ghes APgskelTh 3 3R Rt a S st Fofl Hl3f 350~400% w52 & = Aok A Al
of @ e 22 BARIATE & A7 Tl v ol dughy] uo]z Hl%‘ﬂ AR Sh= W F2
- 22 AES =S8t =3] mlujstr]of BAEE e LY At
71¢] dalgk Adso]l WAL s g-dk Aow
() % 5 s sl 98 7 2= 7S ket
o AFor FHE & 255 30=2 Ao () dutH oz 2] WHF o] dughgo] 40~70W/m
stelom BAIZE 24, 16A17F FA] 9 2= o] A& 7}¢ret w(European Geothermal Energy Council
447 AT S sk 4t ASH & 2008), oA Td& F&F dughas 7= A
WEES AR FAA AE 4SS 37MY TS ° % wetEn & FFAY Ao 2 Holrh E
Al dalghe g FgEIAh WARG S| A9 447t A 2E B9 U e WA Hohe dugh Ha
AAE 2AR FAAE o835t 4 371 o] {2 YUY duVE AEsh= o] vk
5¢te] ubed ol dughe-o- 73.7W/m(3o]Z 4 o Zlo=m wekErh
ol AWFE: : 204W/m), A4S E3F udlS
2 74.8Wim(Tho|iZ ot duBhg : 20.7W/m) S ZIAlel 2
ok E=3 370 ke FUE dugy] o84 A
de 53 S 84.8W/m(dto| = Zo|g I &2 Ae RIS SRSIessd A4
B8 5.5W/m), SRS B9 o ZZHS 94W/m 7141171 &S AE04) T U-city A]-HPAF 2| A}
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