F3%% FoH
20164 9 A

woR B KRR

Geological Science and Technology Information Sep. 2016

Vol.35 No.b

XU Y A 38 A R e D o7 3 B P98 1 F 1 0 A
ERE, REE, ERE

L [ b 3 R 2 (RO TR 2E e, 2RI 4300745 2K T30 40 4] 15 3+ 0F 55 A BR3¢ AR A ), i 430000)

B EUCHGRARKRETEANR 2ARAGAREEMAEAARREAN UBEGRREMMEEER RAA
BEFHATHE FEEMNEARTT AN RAARKAFRAMERKAFRAN R EHETBRNUHELEREN A
REKAFEAUARKAFERBAAERHRER EERTHRBENGERANE, RALAARBENHA B o H 531
AR ARKERERFEAA N UREERRERARFNERY HEMARENT 0. AFARRETRAKER

B ARG RABN TR A A ERA R EAMALHMA,

e ERAETTIREERIER P EEIE R EE

RESES TUT] MERAREG A

H A, Ho U AR R I RE TS e i P
il 45 i B A Sk — Pl T A8 R O Bk B K O & R R
FH . BR TR 7R Xy T A B 5 T A [ 5L (IR
SRR T A58 B L i EL A BE 25 K H 50 A BT RE
RN AR Z b, R RSk &0
FEOY L BEUE AR M R A N R R — . i EH
oSS N AR AR A B FLER AT . X RP I 2CAH B
FUAME LA R AT I B, AEE T 4L
JT R B 9 L R IR ST 8 T AL FLERAS Ir 7 19 o s
[0S i A - QB A= = 17 =TT /S
T 5 5% B VAT o e Ak L A5 J6 B8 7 [ PN 1% g 5K
B A 2 A0 G B 56 36 AR D, S R A T B
ZRIE,

ZEHENHE BEAE B K E AR R AR H L f 2 FhAR
FRURE AR 5 A7 4 560 S 00 {0 X) BE L 43 B T 4 AR A%
PRASE AR K (5 A TT AU A% RS AR X XL U A A4S R R
MEAYSE PR, e AL A ) Ingersoll Al Plass T
1948 M4 Kelvin 2 IR HE & B Jo 4 7, R 4 %
58 A — 5] KR TR . H TR R G5
PISR e R A AU BN B 792 W . 1947 4, Carslaw
Il Jaeger B UCHR HY AE SRR BRIG BERICST | [5] A vi AA
TG AT K B 28 B B — 3 5 R AR AT IR L K 1
BB 1 TC BR R 1) 1 A BT, 4 A AR A 0 e L
BI5) ) TE R KA B b 4 g .

1 B HAE S 4

1.1 TIEXREXRBERNA
AR I8 B A HE B9 2 58 FE A R 15 BH AR 3 7ML P i

Wi BHE . 2015-12-03
EZE /A . FRHE990

Gtk T

X E RS :1000-7849(2016)05-0226-05

bel 5 2 R, i B AL TAF PR T ve e, bl 312 [
L PG KRGl X TR RS2, b i
11985 m*, 1 FASF AL 10 016 m* , Hiy - #5571 A2
11776 m*, 30 M3 FEVZ MR Z . iZ 8 5
T2 AT ERE R — 2 2 N s S
I B b = 2 e DL BT % By . 1R b
5 I v e 23 O 2R 0 R TG 2 TR 4 (B R 22 1)
B 28 5 & it

AT H M PR PR A PR R SR S T ol
2 183 kW, B ffiily 2 181 kW3l 2 A F i b
TRITEHLAL, HAFI N R134a,

i HE e AR R G0 R M S A S R LR A M 4
AR A Oy A H b R A I B S 360 1L i
RS GRSk de25 MY IFBROB U ALEE, B8 H 4L AL
TR, ILER R 130 mm, B fLA SHEE K
100 m, B [A[HE 4 m X4 m, BRI A A 2R 20
210 11, A 356 35 3R FH Al FLE A, BE 42 600 mm,
ML A4S K 3Ude25 s Ude25 B4, b T R3F
K A 5L FLAT B 2 AR AR UK AE X A S
B E - E K,

1.2 R ITREMRE S

S8 U = =Y A WS R 1 (I

(D FAEQM)  Z=, Fy%, DL S Ak
FE A E.EAE D EEAY R,

OB RABLQ)  WEE, R\, &
A/ B AR AR A W 22, T U0 TR DG
e/ VE 25 =3 A w1 R ) S

B £ (Q)  Frwta, Al 8 — i, &

) 53 BLIE B0 TR 5 %l A e 7, B AR IR T AR S SE . E-mail :280032829@ qq.com



%54

ERAEF R U BAELIZE R E RAL RIS R E A RS 297

A7 /b B B A W R BT 2 % T U0 RS HOGEE
TCHE R N TR B 4 B A

(DRI 2 (K, L@, i Kk, B
i U BT DR 25 4, HOR A 3 , F2ZE 0 ) a3 R A
KA, 5Aa DR B, A0 2R IR,
F- IR HOR 250 R BUE 6026 ~80%

YR 2 8 (Ky)  Laat, i Kk, 858
BV RPIR G5 R, R A, B Yo A
KA, 5a0E BRSO 2 RARIE AR,
7 IR S O SR B 75 %0 ~95 %,

L5 37 b K R AT 38 P i R 2K R

FELE R EILBOK, R AKKER K, H
TR AN SRR TR KA R AK AZE R A
B A HEM ; 260 2 A FLBRK , 2500 AR R
)2 PR )E 5 U B A e LR R R
oK EAK,

I VS I 4 05T e 50 o L L L 1
1.3 iImAR

P37 003 % A8 PR B XL U AL A% e B8 0 ) E
A7 TRT WA TPT 3, 76 3 o 72 v i 45 1 )
o7 735 R R W

XU FY A8 Y I AT 356 8% O A 7 £ CEG b ] A 1)

4 55 56 57
100 | 99.;/ 99‘:2;/ 9;2///2// 99%
-
osL Q" % % % Aebit ©) :/? Zji
n . .
% % ///0/ o0 TR
o0l P N %5 =
£ | % // N=s ) 7 B @ 7 wewww
& o5l N:14l//z '\1 3 1v=|5¢1 Al 220 %%
Q" R 3+ 6.7
N—16¢? N=17Y © ‘75ﬁm
" 2040/0 20.06 20% 7211/30* %ﬂi‘)}il%
e Bk ®@ = Lobsm
755 VB SRR S B 500
QYA B s QYR R s QB TR B s N AR B R
Bl ERAE#FEMHNACERRHEH
Fig.1 Geological profile of Information Building energy pile test location
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Fig.3 Comparison of analysis solution and the measured value of

double U type buried pipe energy pile wall temperature
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Fig.4  Comparison of calculated and measured values, and their rel-
ative errors of double U type buried pipe energy pile finite

length heat source model

T JBE A TR AR L 7 00 1 B B, TR B G Hh MR R AE A
JEL B A0 2 TS AR L T ) D A% A PR BE T A
T B S5 ey » L 1) AT P A AR [ AT P LB 3 ) T —
AN AR T (5 A T ARGUR A K R R Y A0 M R 45 fig
PR A T BB TR AT IR AH A5 1T N 25 R PN IR Y
TG it FE A% AT 55 ST B 00 1Y) 22 57 o )
T 5 S 22 15 45 K ) 3 D IRL 2 ] ()
B PN T B SR AR T L (A AR X R
Z B,

25 LTI FE AL SGT BR)  L TC I8 S 4R IR A
A S (B A AT PR AR, X6 B U M R T L R BT A
SRR R MR 25 . BE A 15 P ] i 34 KL A BR
e [BRAE TET AAR R TR (9 foge T o 15 S T 3 T 4 3 O
FhaE AR ZE/NT 4% G5E HAE AN U RIS GE
T B R T IR RE T Y B AR R

(2) 8 i 38 5 % 3+ ik

Kl 5-a 2 TRT i 50 25 A, X U AL 4 fE IR
Rk JE] 10 B 5 1 A A 5 SN A X L L TT LR
B B B T A A BR  [B A TT R RRE AR  B A
JEL L 5 S W A S A, DR X 5% 22 X EE TR (TR 5-
b) K . 2R FUUR AR AL e B T AL A X R 25 49 14 %,
17 Ji it 25 85 P 458 0 3 97 0/ 5 [0 A v A0 VA 8 A
R T AL B AR X 1R 22 24 4 Y0 T Bl IR A 8 i
DB/ o DT AR Y R X 15 22 1) EL ok L (B A T A
TR IR 10 R 15 22 /DN L HAR 25 H 5 /0N 3 HLAE A
U AU HAE B 5T A 0 18 B 3 1 T SR A

© 30

~ —— Szl i
%zs 1.1
i

—=— LR

15 L . 1 . .
0.3 0.6 0.9 1.2 1.5
P42/ m
16 -
ﬁu!
ﬁ L
K 8-

B v e 2
T4k — [ S R
L A R s
K 4Er/m
By RUBAERERAGBESTEE S TWE

(a) B A5t E £ (b)

Fig.5 Comparison of the calculation of the temperature field
and the measured value chart and the relative error
chart (b) of double U type buried pipe energy piles a-

round



930 w R B R H R 2016 4

LA b3 BE TR RN B SRR RS 37 19 43 A SR TR,
AW I AR BB A B A R0 g
A H S B e B/ G EAR SR U B REIR () st e 00 25 90 1 B R0 A8 TSR AR

R J5E 3 B T SRR L L AT A D 3 A T B T AR AR BLIS 5B L) R 2014.33(5) 1 208-21.
(2] AT A IR AEEOR LML AL 5 5 G 80F IR
4 é|j:|: -I«/b\ 2006.
[3] Ingersoll I L. R, Plass H J. Theory of the ground pipe heat
source for the heat pump[]]. ASHVE Transactions, 1948, 6
(DXFAC U BIHAE RE WAL, A7 FR A PR R 1Y (1):119-122,
55 TG R 1 £ P A A B B = RS BT [4] Carslaw H S,Jeager J C.Conduction of heat in solids[ M].2th
(2)7{1%%}@&%%@]%@ , %i@%éﬁﬂ]ﬁ*ﬁiﬂﬁ% ed.Oxford: Oxford Press,1959.

T BRSSO B 1Y 4 R B A (5] iﬁéz%iﬁ,%%%‘f@,%ﬁ‘}@i’ﬂ’%ﬂ&%[l\/[].jtﬁ;J\E?ﬁ(ﬁﬁ#ﬁ

I 35 ; i 1 4 K < H
FERONMIBRE . BOAT A AN IR AT IR IURE oy g oy e, smman s wom i o i

T AR RSB (4 f BT A 5 92 I (0 i 2 0 R TR R ARES) ) T 2003, 18(2) : 166-169.
;’JE JAANT IR ZE /N T 4% s jﬁﬁ*ﬁiﬂy}l U ﬂiﬂ%ﬁﬁ{ﬁ*ﬁ [7] Zeng H Y,Diao N R,Fang Z H.A finite line source model for
%ﬁﬁ§i+% E,‘J IE?’:E *ﬁﬂ i boreholes in geothermal heat exchangers[J].Heat Transfer-A-
(3) E]*fﬁm?ﬁ*ﬁﬂ E‘J*HX#‘E‘&%E/J\ 7Hi§é£ﬁ sian Research,2002,31(7) :558-567.
[8] Carslaw H S,Jaeger ] C.Conduction of heat in solids M].Ox-
ﬁlj\ B Eﬂz )Jg AU ﬂiﬂ% ﬁlé i *EEJ% 82} &%Fi ZI i} i+ ford UK :Claremore Press,1947.
%*ﬁﬂ ° [9] Man Y,Yang H X,Diao N R,et al. A new model and analytical
(4) 45 BR - 17 A% T i I AR T80 4 L A A 5 A5 70 EL solutions for borehole and pile ground heat exchangers[J].In-
ﬁ%% E/‘Jﬂ%rgai+%‘i%§ﬁqu\ , Eiﬁ :—élﬂ,f/';%jxi U ﬂ ternational Journal of Heat and Mass Transfer,2010,53:2539-

2601.

A R PR IR B ) T SRR RL L mT A S A R A Y

In Situ Test and the Analysis of Theoretical Applicability of Double
U Type Pile Buried Tube Heat Exchanger

Wang Dahua', Zhao Haifeng'*, Gui Shuqgiang®

(1.Faculty of Engineering, China University of Geosciences, Wuhan 430074, China;
2.Survey Research Institute of the Three Gorges Co.Ltd., Wuhan 430000, China)

Abstract: The energy piles project of Xinyang Information Building is taken as a case for the comparative
study on the line and the cylindrical heat source models for the double-U-type buried pipe energy pile. The
temperature field of the plie and soil around the pile was obtained respectively by the two analytical models
above, which are compared with in situ measured values. It indicates that the pile surface temperature cal-
culated by finite line heat source model has a higher accuracy than the values calculated by infinite line heat
source model, and the former model is more suitable for the heat transfer simulation of energy piles. How-
ever, the finite cylindrical heat source model has a better applicability for double-U-type buried pipe energy
piles than the finite and infinite line heat source model and the infinite cylindrical heat source model, with
the relative error less than 4%. The result of this research is based on the in situ test, and has important
theoretical and practical value for the engineering application of the buried pipe heat exchanger of pile foun-
dation.

Key words: double U type buried pipe energy pile; line heat source model; cylindrical heat source model;

experimental verification



