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Thermal Influential factors of Energy pile considering Ground saturation
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SYNOPSIS : The thermal influential factor of energy pile system is investigated by considering the
seasonal effect, saturation of ground, and fluid velocity based on the finite volume method. Analysis
includes the evaluation of thermal resistance and corresponding heat exchange rate for each case. It
is shown that the efficiency of heat exchange rate is more pronounced with higher fluid velocity
due to the larger number of circulation for a given period. Through the parametric studies, it is also
found that the degrees of saturation a little influenced thermal effect during 8 hours of operational

scenario.
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2.1 PHC E5d 0l X2 Modeling
PHC 253 ouUxgde Awte] PHC ¥5S AXst WAoo dusr] @ dudr] 14S 9
o HAFAR FAAETE R2AAE f5te] AW 2ERAS AN AAxHo=R "JXJOP 9_‘1‘1
AAAL] 7HdS FHAaslkelr] fske] A wkAarE f’e”-.E ZZH] 108)¢] S5mx5mE A A3tk PHC &
L 97 05m, WA 034m, Zo] 20m¢l PHC @& o7 HAsgon WARY &4 A7 034m
¢l cement mortar, €1 %7]+= HDPE# A2 < }%5}04 W7 70mm, 7 5mm, Z°] 40.2m= A s}
ST},
Sm
7 |
| . Zm
Zm ~
% pile
3m
LS 80mm_——_ HDPE
4 T
grout
\5mm
i)
T T/ /
70 mm
=] vt 156m
20m
/ soil
500 mm
(a) PHC g oY=y (b) PHC 253 oyxad @
% 1. A§ks 319 ek PHC 53 248
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= 3 g2 AHk(Es) Az &),
5, A4, HDPE# 2 UF 352 &5 AFEetdth 2sxdte] A9 F50] gle AHolw, A
Ak A9 FH3 5(F7]))E o] FolA ook st A At F EASY EAAAE &
Z R AASAT WA ARkl A9 a7 loAet o] AHES AFEoR Yol FH7| 47
25 AAZRAE Ao, 4Ty S F471QHBKE AV(Q28K)ILRE RS AAI Y
O 22344 FETAA 9y s SASY oY, SAHNALS 4 §F54E 13 ¢34 &4
Stk B 12 dAlo] AHgE 242 e, B 28 d14 2709 caseE YERNAT
¥ 1. sl AlE" EA A
B Density Specific Heat | Conductivity Viscosity Diffusivity
= (kg/m”) (J/kg-K) (W/m-K) (kg/m-*s) (m*/s)
X 3} 2100 1300 2.5 - 9.2x10 7
=] wE
Az 1800 920 0.18 - 1.1x10°7
PHC 2700 790 1.62 - 7.6x10 "
2= 3] & A (Cement) 3640 840 2.02 - 6.6x10 7
HDPE 955 525 0.4 - 8.0x10"
Water 998.2 4182 0.6 0.001003 1.4x107
¥ 2. A 274 case
TR Ul & a
2m 279K
%ZE_]7] 3m 283K X]J_\i_?i %E/\qz_]
15 288K - =3
A9 AA 27 m -0327](2731{)
om 291K - 314 7] (293K)
34 7] 3m 289K
15m 288K
=47 275K _ -
T == fFET LESA
34 7] 298K
- % 13 &=3A7Hx) =33l
0.3m/s 134 214
0.4m/s 100.5 286
FAG s/ 13l =&
s3h52 0.5m/s 80.4 358 4z em=n
0.6m/s 67 429
0.9m/s 44 654
1.2m/s 335 859
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< 7 < i
T 204 —| T 294 —
2 =
© - B -
3 3
2 203 — 2 293 —
2 i z i
292 — 292 —
291 — fluid velocity 291 —| fluid velocity
B 0.3mis | 0.3mfs
—H—04mfs 290 —FF— 04mfs
290 — — O 05ms — O 05
7 —k— 08mis n —&—— 0Bmis
280 —| — W 09ms 289 — ——09ms
m —@— 12mis - —@— 12mfs
288 T \I\I\I‘ T T \II\I\‘ T \\\\Hl T 288 T \\I\I\l T I\\\H‘ T \I\I\I‘ T
100 1000 10000 100 1000 10000
time(sec) timelsec)
=) O = = - =1z TS O =~ O
() 347 AxAT FEF 2% (d) at&7] AT FEF 2%

(a) AZ2AH =054 7] 03m/s, Z°] -18m) (b) 23 2= (F4 7] 0.3m/s, Z°] -18m)

O™ 4 71z 2 s 2= Contour H 9 (B8AIZF & F)

AUA A ] GudtgS A7 fste] @ wifAe 4 AgS AEste] dudgs A s
of gt} ddg wiAl= Wi ¢35, HDPE 3ol Wi &xj3-2), PHC 25, A|yko]th
ANA, dy s BUBTI WA, dy, BB A, by A FEHAE AT, Re:Holws=ST

Pr:=&E < d,: PHCWA, d,, : PHC 97
kfy kha kba kcy ks: LH'?‘%%?’HDPET O]E él\—_H‘E‘ZH PHC X]H @EE
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321 W &850 o MY MY
FAS A AGe FA gFALel /A5, ARAALAF(h) S ANstel AR H
o WY E@s d Age e 2
1
(1)

BA weh ohe Ao oJskel ezt

A<= (h;)+= Dittus-Boelter 73
(2)

0.023Re"*Pr"k;
h; = y

o714, 47 n=0.3, 3t47] n=04

& MH
o thgv} 2ot

3.2.2 YWEJ|(HDPE) ¥ PHC oY o X

Quer] % PHC HU) 4% AN Qe o]FL AHER o] F
In (dh,u/dhi)
Rh,dp(% - 27Tkh (3)
In (d(:o/d(fi)
Rppe= ok (4)
3.23 HiAMSM ¥ M &F
sl d A HFe HAEA] A4 W U-type pipee) 947 wjAd] we e,
U-type pipe®] #iAlel webA g, 3, kol debAw & A3 gro] zol7h drh. & =&ddAs £ 39
B type2] dug7] vix P& A8
1
(%)

R rout ~ /
! kB (dy/ )"

% 3. €7 (U-type)wl A1 E 3, B, #(Remund CP, 1999)
Configuration Bo 061 Correlation coefficient Pipe type
A 20.10 -0.9447 0.9926
B 17.44 -0.6052 0.9997
C 2191 -0.3796 0.9697 @
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PHC 245 959 Auk 4 A3FS A8ty fste] Ak 212 (1) AW 45842 o4, 5%
(2) g4 W3l FA] (3) Askge ol ad viAl (4) ZF wiA 59 A FA] 59 7HES sy
A HE 9 AeS Aoy, d A A3 dustse 1S9 Kelvin® line source theoryS Al-&
A=

q oo eﬂf? q
A — —
T=t —t ok . B 3 pys I(z) 6)
2+ at
A7, r=mr,
9l Aol whe xke] d AqEge ohg Zo] xdE T
by~ e 1 Ty 1 1
R, ,= = (7)
soil q 7T ] 2 / 27Tks (2 /FO)
A7IM, 0<ze <1 4 W I(z)=
I(z) = 0.5(—Inz® —0.57721566 + 0.999991932% — 0.249910552 + 0.055199682° ()
—0.00976004z° 4+ 0.00107857x'%)
=149 9 I(z)=
1 A
I(z) = = 9
2x exp( 2) B
o] 7] A,
A=2%4+8.57332872% +18.059017z* + 8.6376092> + 0.2677737
B=2%+9.57332232° + 25.63295612" + 21.09965312% + 3.9684969
3.2.5 oM CHAte| HwElE AMH
91 Al ol JAA E A2 ANk PHC ¥, A4, dx37][(HDPE) 9 WX &35 9 A3
o gy gon therlow FHS 4 Ut
Z R= Rcmw + thpe + Rgrut + Rphc + Rsm'l (10)
A 4 A g F 2 118 AHEste] dud&s s
ti—te  (t,+t))/2—t.,
= o/ (11)

1= SRk SR
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3.3 ol CHae| dustE MY

oh g 17 2ol AnkAZ|Gmx5m)Wlel] ¢4 05me] AR dS dA st FH7], 4
d W Zhzt x3h dxAdEle] 24 o d ARS AbAstel sk S(heat exchange rate)s T8k
Ui Ag dugkeo] 5o gterw RAHY, ol AutelA R £ AF(heat flow)7}

ol Hel wetxa o gtow mdHM, std7]e] A R 3ol Avtoe® R (heat flow)7} ©]
o wel dudkgo] o ;e UMY AFS B Ao AREE A 05me ouAutde] A
$ 50~70W/me dus&S HolH ol FHZ 06m °]dte oluyxude] dwdE 20~60W/m (Rolf
Katzenbach, 2010)2} ®]agh wf e}l EA]ole} dabeth of 714, AxA Wy} 282 gte] A A&zl
IS AVEW I dxxuke] dA EAA = dAgsty] wwel A3 Ae f&el AN
of Ml A AAT AL B F drh Te Ee Ay AFzANke] AT g vas R HdFzA| ke

6AI7F o] F & Al HxA ko] o Ad}gho

wrel A Al 0.041158mK/WaTE AXE 2o ettt o= Uzt TEEE Aue o
§ol AxAWI T3A W] 26417 ol o] FReA FFHHIL, 2647 o FE BHA Folo] 719l
e # :

3 Aol Walol 71U Aow BVATD fkol w PR HF d AL @

F 4 AZZR) 0.3m/s 0.4m/s 0.5m/s 0.6m/s 0.9m/s 1.2m/s
47 0.1655 0.1654 0.1653 0.1653 0.1652 0.1651
E A
(mK/W) )
A7) 0.1651 0.1651 0.1651 0.1651 0.1650 0.1650
F47] 0.1598 0.1598 0.1596 0.1595 0.1595 0.1594
A Z A\t
(mK/W) .
4 7] 0.1595 0.1594 0.1594 0.1594 0.1593 0.1593

=]

5. 18 8A7L =

ol

7 IS (heat exchange rate)

heat exchange rate 0.3m/s 0.4m/s 0.5m/s 0.6m/s 0.9m/s 1.2m/s
F47] -64.02 -65.23 -65.68 -66.34 -67.37 -67.58
EspA R
(W/m)
shd 7] 52.40 54.46 55.51 56.20 56.88 56.79
47] -66.85 -68.10 -68.58 -69.08 -69.91 -70.34
Az dk
(W/m)
4 7] 55.63 57.55 57.95 58.17 58.96 59.02
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