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Heat Transfer Analysis of Energy Pile Considering heat transfer medium
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SYNOPSIS : In this study, a series of thermal numerical analysis was conducted through the ground condition and the length
and shape of the energy pile. In order to investigate the effect of the thermal properties of ground condition, grout and pile
type on heat transfer efficiency in the U-type heat exchanger in energy pile, thermal numerical analysis was done by using
ABAQUS. ABAQUS, a finite element analyzing program, was employed to evaluate the temperature distribution on the cross
section of energy pile system incorporating HDPE - grout - pile - Ground condition which consists of clay, sand, rock type
soil and ground water.

Keywords : energy pile, heat exchanger, heat transfer, ABAQUS, ground condition

1. M2

A3 |7t FERE] 7|29 <t Sorbr] wjitel] 7xutde] e FEREC] XS Az, S|
A T Algol wE A E&o %EWU% A& Tt} A Alxglel] & FFS mA A Fr) ool A%
710 A Asel digk Aol g Pl gk B2 Ayt dast A
FF Foto] Fgsirh

B ATl E AU Sde] Fejel zlo], dxd wiEIt ARk Foll mE
6H* 23 7 AA sAS FE setaidinh U g Wil Sk o
3 B4AE UAE 5 oy Pt AR dubdog AlgEE UxF Fejol] o
PR EELIE”O ABAQUSE E3f A5t AdF 2742 Clay, Sand, Rock AWk} x|3}=o] 9|3t E3loj =
aEsle] GAG ASS Fotalglal, AHEH v = PHC, 73, 53 4% 7Pgste] sjasisi) ojy#] v}
Aol AHgEE SAlgAlE oy TRV ARE 1 F diH o R Wol ALgHE AWES HEUolE TE9ES
Mt o5 Wik A ANk 12 T2 Fa, dusv)el 1= Zeod gl mlo] Z(HDPE)2] AAIZAS
BCE "zr?i‘ﬂr AgH who] 9= Auke 12 C, HDPER-S 2 T2 7Msiinh A7z vjdo) wle 36
Case?| 7S Wl we} AAZzAe] 225 dejsle] & 72 Case°l T2 oH“~ ZAAEAEL ABQUS 221+
viﬂiéﬂﬁ% ol oy Ak g widol % F gpetshet 2 A HAo] 9l

rlm o

=
il
He.
;

i
O
glﬁl

=
£
R
o
e

o
D)
r]I.
BN
o)
9
=)
i
g
r)J
i)
A
oift
B
g
oo
v
Sh
e
=
=
ol
2

o
£
s
)
do
ol
s
Jo
o
ko
B~
o,
>

- 963 -



=299 ABAQUSE £ olux stalel 244 vl
AR Qe dldA st T4 Ba RdYe o

o) TRl WE AHw mrE shebshelch

2.1.1 O X| o 2zl

Aur zAe PES me, kel thal, 1en Askrel 9% EHARE Nelsg, WEL PHC, 3
2, ool tal, SASAE ANES WEGER 7 AARAY Aol U JFL et

0

el F AL 500 mmeo|H, PHCY FAE 80 mm, Z3% F#9 FAE 10 mmE AM&syon,
o] Yo #d® HDPE#S HZHE 70 mm, 2 T4 5 mmolth. ¥ A¥-S 712 2500 mm,
AR 2500 mm=E Fo] FPo R A3 FFES HFs] otetr] fleto WA 2P st 1" 212
PHC ¥53 73, 539 ABAQUS Edgolth

pile

HDPE

grout

P
2 mim
N

500 mm
(c) PHC 2% X (d) &, 8 o5 A
1%1 2.1 PHC, A%, 5%2] ABAQUS 249 &

2.1.2 88t 22 Mesh®@} dA =A
oz ddel FAGHNA APty 228 12TZ Fon, AL&Hd I HDPERHS AAZXUL
2CE, 23 Ywe AAZAL 25TE Fo] )AL s F3 84 A =z ABAQUSE

- 964 -



o}

ol 4 2]

2z

SEIR

EERIA= ol hoy

R

@ U weel

A8

HDPE#e] 257

o7 el

BAAZALE 19 2379 o] FUTH

1

—

o

12°C

@
[~
=
-
L)
-
@
a2
E
@
et
°
7))

1
—

A Hkol gt 12°C 2]

-
R

gt 19 22

°

=

FA T} Step 1914
2

3d F3F 24 Mesh

o]

TR

I
INENS

INENEEEEEN]

o

AR

AR

12 °C

T rd i i i T 71

j PO O

(NN

] Mash
a8y 22

20 ol a4
o] & WHEE 12T9 =7t IY HEE st3en, Step 204 € w& 7)o

Soil Temperature

o
2.5m

=

o A

H

H

STt

T

3t Step

S

(a) PHC

(RN
NSNS FERRRERE

HHIrrrrrJrJrHE

L

LR

b9

o]

2T AAZAE F0] 2709 StepoZ o] 3

-
R

T

2.1.3 sli&{ofl Al

s

shaeol

Eale] F59} A

CRS

74

i o

=

H

Zoltt. A

=5

12 g

H)
=y

- 965 -

bl ot

0

A+

[e)

2.3¢] #k=

it

=4 A=



o= stde] 42 @l 2xd f3 84 S gt FAEAS tg % 349 22 Caseol W
2} AAEFA T R ek Alde] A#glo] A 2LolnE AAZALS W-uy AAGle] 12CTE FIo
H, AEd d¥e HDPE#S] AAZAE 2TCTE, 52 Y& BAXRAS 25TE Fof A& HAs
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¥ 21 #3822 Ao AreE dET dwdr)e 432 (Engineeringtoolbox, 2005)
Material Density Specific Heat Conductivity
Information (kg/m?) (J/kg-k) (W/m-k)
PHC 2700 790 1.62
Steel pile 7900 500 50.2
Copper pile 8940 385 401
HDPE 955 525 04
¥ 22 73 84 dAd A8 AHke] EA]X] (Engineeringtoolbox, 2005)
Material Density Specific Heat Conductivity
Information (kg/m®) (J/kg-k) (W/mk)
E¥3) 1800 920 0.18
Clay
x3 2100 1300 25
BE¥3 1600 300 0.25
Sand
xs3 1900 1400 4
EY 2100 950 1.7
V‘Rgck gxs
(Sandstone) =3 2400 1480 48
E 23 gk 84 A AFgE SAlsAY 4 X (Engineeringtoolbox, 2005)
Material Density Specific Heat Conductivity
Information (kg/m®) (J/kg-k) (W/m-k)
Bentonite Grout 1580 380 09
Cement Grout 3640 840 2.02
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