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Figure 1. Heat transfer in.energy pile system (picture is not scale)
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shaped pipe along the pile
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Table 1. Geometric and physical characteristics of the model in the present study
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Table 2. Geometric and physical characteristics of the pile fabricated in the study by You et al [31].
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Table 3..Comparing the results of You et al study with the present study
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Table 4. Geometric and physical characteristics of the pile fabricated in the study by Park et al [32].
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Figure 4. Comparing the results of the Park study with the present study
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Figure 5. Diagram of the effect of flow velocity changes on the energy pile outlet temperature insthree,different tube
placement positions: U, W, and 3U
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Figure 7. Diagram of the effect of changes in the outer diameter of the tube on the energy output temperature of the pile
in threewdifferent positions of the tube: U, W and 3U.
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Figure 8. Diagram of the effect of changes in the outer diameter of the pipe on the amount of heat exchanged in the
energy pile system in three different pipe placement positions: U, W, and 3U.
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Figure 9. Diagram of the effect of changes in pile length on'pile energy output temperature in three different tube
placement positions: U, Wyand 3U
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Figure 10. Diagram of the effect of changes.inspipe wall thickness on the energy output temperature of the pile in three
different pipe positions: U, W, and 3Ufor pipes made of polyethylene and steel.

2055 b Balgd 3550 6 55 50 abold @l s 51-F-0

S b 3o ol 1) S 503,05, 5551 s S Slac st M6 ol il o o) 5 10 5 3 alol
(g o> B Y..mm P9 o> ) N emm J5‘ o> o Lbdj}l )S).A (i )5).0 ‘54.1.»0[5 sl 00 s aliseo JJ.A dw
alold a5 Jol cdl> jo cplplo ail o Yeomm ealg) g9; oy Gibgriibeles aSul 4 a5 b .ol oals 423 3 ,La5 o Yo e mm
P ey med & ESle Aremm s b aeds SO p0 (5 Dyga Iy JSSTOU Wyl lgs o Lules ol Ve emm ladlg) oy
3U 5 JsaSU algd 15 o0 Luled cud i a0 Yoo MM 38 50 B 55 50 alold b pgas cdlo g Y5 MM 35 50 b 55 50 aloli L pgo 2l
Sl (655 mets 5yl 0 Sles daalgd 350 B 3S e alold uls aS L aS sl sonmlis V) IS @ ax g Lo S Tl S
FoS oo b alg) G LS o an Lo b g G o)lgan a5 (S hea Sl S0Ss Liealgd oo S Glast ) s oS e
s oy S Sl 5 A5 () 5 3558 s sale A3) slod 2l s Sy Sl LS sl ) 55 15
SrSsle 2l )T Bl sbul 5l ails 0G5l bealed 0,5 ,90 a5 55 sualive lgi oo gAY S 10 00,5 o0 (55
OB LYIY gL YIE Y et e Se3U g WU ag o mm V- mm 5l lealghyse 545 0 alols, 2ol581 .08 o
2,18 ol jor 1) (65 5l mals Lol

Jdo el gz 0 m S 8U Wyl a4y cocns JS 10U g Job a8 ol Jl> o cpl ol oo yeS S5 8U gl g oS
33 Led G VL s Jlow (699)9 o) sl Jlw (29,5 Alg) 9 (639,9 gd (0ol sl (1> JBI I L2 8 e g o908
S5 e plaaily 5 098 Led (AalB1 Lo Isaome (639,9 alg) 0 00l S Jlow (slod &5 098 o0 Zely (29,5 5 5999 Ug)
Syl 5,0 alols L I0U 39U U dg) 10 cuip as gods B,bl g mhaws 10 &)l saiaolis 5 -0 VY S oS oy zals'

\Y



sl &> 36 cod ey sl 4o Sl slos (S5 10U &) o aisS> a5 coul _aseiio VY JSE o ail o V- + MM

33.¢

2 E i) <5 a .

E o o U 55 e alold

b ——4—— 100mm

3 3 200mm

9 3{)5‘ _9_ 300mm
R
FOF
Y 29 F
o F
=11 F
s 28F
27 E

26§ | | 1 1 1 1 1 1 | 1

U W 33U 4U SU 66U TU 8U 99U 10U

Ag) 5525153 092

6 35 p0 alold aus b g) (6565155 hlio sl 55 g 5 s 9,5 (6o 51 1o Wl 350 U 35 0 aliold ol s 31 159051 JSCb
Sroglso e g Ve dansS so

Figure 11. Diagram of the effect of changes in the center-to-center distance of the tubes on the energy output
temperature of the pile in different positions of the tubes with three"center-to-center distances of 100, 200, and 300 mm.
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Figure 12. Thermal diagram of the energy pile from the top view:@) U-shaped tube with a center-to-center distance of
300 mm; b) U-shaped tube with a center-to-center distance of 200'mm; ¢) U-shaped tube with a center-to-center

distance of 100 mm; d) 8U-shaped tube with a center-to-center distance of 100 mm; d) 9U-shaped tube with a center-to-
center distance of 100 mm; g) 10U-shaped tube with a center-to-center distance of 100 mm
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Figure 13. Diagram of the amount of heat exchanged in the‘energy pile system in different pipe placement situations: 1)
per pile length unit with a center-to-center distance of 400 mm; 2) per pipe length unit with a center-to-center distance
of 100 mm; 3) per pile length unit with a center-to<center distance of 200 mm; 4) per pipe length unit with a center-to-

center distance of 200 mm; 5) per pile length unit with a center=to-center distance of 300 mm; 6) per pipe length unit
with a center-to-center distance of 300 mm
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Table 5. Taguchi L8 orthogonal array matrix [34]
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Table 6. Parameters and levels selected for statistical study
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Table 7. Polyethylene pipe sizes according to DIN 8074 and ISO 4427 standards under nominal pressure of 16 bar
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Table 8. The determined values of various parameters in each modeling
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Table 9. Ranking of various parameters based on their impact on the output power of the energy pile in the short and
long term
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Figure 14. Diagram of the dimensionless effect of warious parameters on the output power of the energy pile.
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