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Influence of Backfill Air Gap on Soil Temperature Recovery
in Ground-coupled Heat Pumps
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Abstract: Air gap may easily emerge in the progress of backfill in ground heat exchange due to field
operation problems. The single U-tube three-dimensional numerical heat transfer model is set up and there
are 3 kinds of backfill air gap assumptions for computational analysis, which are the most common
situations in practical projects. Different air gap situations will have considerable effects on soil heat
transfer, especially the factor of soil temperature recovery performance, which is investigated in this
research, and there is practical project operating data for the comparison confirmation with the theoretical
calculation results in inlet and outlet water temperatures. It can be concluded that the backfill air gap will
increase the soil average excess temperature in the period of recovery inside the place where the air gap is,
and degrade the heat transfer performance of the ground heat exchange.

Key Words:groundfcoupled heat pumps; air gap; temperature recovery; soil average excess temperature

MR AR BE A BRAE U PR IE I R T R R e AU IOE T R BKIS AT BT R Rt K A TR R
TR P — 3 RE PR AR A BRI BRI 5 b S VR R A P L 2 LM X e R B I R
A TR s e a8 A B E MK — B RN, 5 2 LIRS HON Bt A R A
JERTFE BT A B B OO A IR A DG X T A AL ORI R A 2 X ) BB AT s
T REMBIE . XRE DR WA BRI KRR T IR E R 5. R h
FEPORT A LR ERAE RGBS A L IR SRR A . R L BE B R G R %
A ey 5 BE Ve BB ] AN P i R SE N R . Shang BRI EKIE AT 00 B9 8 MR B s s RS RE T BE

WA B H:2012-02-23

AR R EKTFZ A RFLEIE L1 % B 5 B (CSTC 2010BB4235)

A F A BB Q971 5 W B BOR . B A A BT RE B R 5 T FE AR AR U A I 3 S O 4509 B A 5, (E-maiD)
wylreel @126. com,



http://gks.cqu.edu.cn

%4

I B.E . OATAAARIZS 2 LB ER N h 143

TEAT AT 0 TR AS WA . R A B S IR
FW] L [F) — TS TR B AL L AL B9z 17 I ) L o
JEL 3 PN R A 1 T P R TR B Ry, L B P AR E
PRSI L R AR A e S 3 O BB R LA
JFHL 12 h g a i T RGE 4L 12 h /T
R A0 o R AT 2 95 00 L H IR AT LUK
S ZAFHL 81 b

H T ot M A B AL A B B AL IR L E
A E A B A B B A A0 LA B R
UL A IR B AR REBT SEBR T B Z I &
TE (5T SERRH A P b DL Ab ok b B A0 (] 45 5 52
JE X B AL e AR O e PR RE R 2 . fh TN T (el
il T VR » 2 S B0 I SRS 5 52 SO 1 A AR BB
PR AYSE I T Ho 20 e P PERES " . Zhang %1 g
ST A HR A RS R T R A R
PEATORSE . WFRERM a8 R AL S A AL 4R
wIAPEREA BRI R . Bl 22 LR BO(E A9 1
HLMFRRBMEIE S TR, RIFFE LR
BN LI 5 B R 32 MR 4% A R S IR R
T H 2w A8 ] SR S A R G 3 1A, HL ] SR
TAEEZ KRR B U B 1 A OR B 15
PG AR, X TR h T T A5
TR B 2R R ) A AE R A AL I UGB TR AN
P14 Joi 5k [ 20 B S BT ISR AN B

EHEECA U BUR YA b X TR 15
H B Y AR A ] B e R T AR BE AR
S EU MR > A T D IF 5 L AR e R R R
SZPERERY M .
1 BT#HARL 2 LRSI

A

M3 5 2 2 [ A e A — S A FRE 1 T A
i A AL PR A A2 2 Ho i IR AR 2 404 N KR
g RHIPES R A B A S R R SR
P& G S > 2 L TSR s 2 N o TR (]
PAT faj 4k«

1) LA P9 PR 194 0 A A f) b 3 5] — B (g
H )N U AR 5

2l T R R AR A YE AN K BE e
AR AR B HOAR R AR S RO B I R 1 A AT
AR s HE ¥ 5] — B 5

3) b A (] 78 TR R A A [ 1 a2 R 3

D ToH T K B s RS
1.1 By g
LT &Rk X4 A 8l 8l A AT e 46

T R FAARUE ke BLAL, T BE X T BE 17 oK 4507 2R
fift o AN BRI , 3% LMk T R | Bl i 5 R LA s iy
FFERLR (D)~ (5,

ICu;)
91; o O

) N o
dt da; dx;
i[( + )%}Li
dx; Ho da; dx;
et e .
dT) H(puJT) _

ﬁt (71']’

K s Q}
31.][<Pr‘ + 5 (3)
it 3 e 7 2 -
2(pk) | Ik
at

al'j

@y

_|_

[(,ﬂr,ﬂ) ;7“} (2)

Ly Ik
[(;ﬁ@) T

FEHCR T2 .
W) 4 I i) J“?):i[(/wf)ai}

dt dx; dx; dx;

d
a]'j

}LGk—pe (4)

2
C. Z—(G»—czgp% (5)

b SRS e R T 24 R BRI 5 R 1Y i sl
e & W= HE I G, 1 FRE L (6) F(7) .

=0, 6)

~ aui E}uj au;

(Ik B #l((/]l‘j a.T; (/}l'j <7)
D) ~ (D) 2% 5 B U A -

C,=0.09.C, = 1.44,C,, = 1.92,5, = 1.0,
o. =1.3,
S P 0 B R L (8)

d
— &, alfp lmum = At — 1) )

e kb, HERELEINREG ¢ NIIRIREE ; ¢, 8 RE
WA A eIV T 00T X AR ¥ A AT
X A& E R A C9) A B - 00 R s 5
(10) 3K fif «

h = Nult 9

2r

Nu = 0. 023Re?® Pr{? (10)

K A IR R AL r R

L2 BRSSO PREIRR S T #05 fi I
ADA2)



http://gks.cqu.edu.cn

144 rARERE R & %34 %
d 1 3#ARATEIATEENGE
ot Agin e | EUR PR SHEAMR
T SO REEE g mm mgbE 0 /mm
h :J ¢, dT (12)
Tiet T 1 i
K, b AERER. W/ (mK); o HEE. T O . o X
N SEe; NG Bl B ve
AT PR Sl P REL S DA [ Ak 422 fiok T A0 3R B2 AH T — . L ,

& =1, WAA3D:

at, dt,

ky E™ | =— k2 F | brsr (13

1.2 B REAFmiEFHEE
12,1 edta  SAERIE R
JEME B E N 0. 43 m/ s XN BRI ER D,
TR H T — Yt A A A L IR B B v B A A
PiE il UDE s A w1 aG i B i o 21 °C,
12,2 #@Edw MERNEO&SECHH IS
S8 W sh e g B e IO IR i B
1.2.3 URBEEE

U R4 BE B R BE T 6 F 3 sy 72, J2: [
JE TG RS BE T, R Tl BT R O X T RE
T A8 PR G I AL AR AT R A T P TR RN A S
[B] SELBA Rk 33 7 A DXl [ e B T
12,4 w3 B [A] I BE 5 A RE TR R AS A A%
FRBE T, A7 T (] SEL A 8} 1 S 3 A DX ]
1.2.5 prrwA x| FH4 KEEERER
DR BETHT 8 00 A AL B IR B 4 S Bl A
R H RS A R e A S = b KR EE R
HHR A R O 0 SO =R R R
] B 25 SR R 31 °C (B ZE 38 A B R
BE) &R i B E 5 s R SR A R R B =
1.2 W/(m?«K)H)
1.2.6 Z#RprrIZFELE mihFA+ KK
TR T A RE TR, TR B 45 MY BE IR B 20 C
1.3 =3 &R E

R A5 0] SEL ) 55 L BE 40 P A8 B 22 (] AN (] i [m]
WHHLE ERGESIZAT 9 h JIRE 15 h 11517
THF S T 3 FpOR[E BE TAL: D [ Y 5 fLEE
R AG AR A5 RE ] 13 [ JEL 285 52, RPJE 25 <) 00, T R
A 152) B fLRE A AR 25 U2 D00 (& FR L0
233) [IE Y 5 e P A RE A7 A = A2 L0 R FR L
B3, HARE R 1, TO03 W, T F AR
A 7 R DA ) o G A R LI RE 2Z (] 3 mm BE
JEH PE 81 1 mm JE 1Y 255 SO 2 45 8 —Fhpr kL,
TRTFR“ LR G BORE” AR 4l T b4 20 G T S 1 FHAVRHL
RO RS B 2R G MR A P SR

1.4 HHHEEH

Pha B IR A 0 U A 4 2 o A5 A, 3 A IR
80 m, g fL EH £ 130 mm, it 0. 82 m*/h. i A&+
BV B R 3. 347 kW ClH 22) o 45 B L 3 ) 1 =
B 2 Fios

A2 MRS

B HEE/ FRAL HfA/
(kgem™*) (Wem™1eC™1)  (Jekg 1eC™ D)

TEH K 998. 2 0.6 4182
At 2 400 2.1 850
PE % 950 0.45 2 300
8] 320 b1 1 500 2.3 900
25 1.225 0.024 2 1006
LA Ok 712.8 0.09 2299

FH ANSYS #EA, p A% R 3 an & 1 iR .

N

':g:,
2

s ““....
Sty

W7

L

LT

AN
AN
o, TS
SRS

L7

(a) V- TET PR A% S 2 4]

o\

(b) DT P A% 42 23l
H1 BERAENSHE

1.5 #:PHILBEALTEF %

Moa LRENREEN, BME%s & T —4
BAT AT A R AR R — A s 47 A R
RZ B E—A A7 AR . B H R
5 1142 255 0] Bk 390457 ) L T B K & 1 i 1
o, 5T LLR 2 5, RO IR R A )
X4

1) 15 A8 BE AL 1) S U BE S 5 e M A R — A iz
17 A e AR M RE Y R &,

2B 3 FAS TR Y [0 3 T80, Horp A0 2 A
B 3 [ KRBT R X

A0 32 4 ] SR AL R R B L g [ X S0 Sy 5



http://gks.cqu.edu.cn

| x

B.E . WBTA AN S 2 LR EIREA RN YA 145

YRR TS
gt (14) L (15) FiR .
DX F I — BB = b Ay o] 3 X 38 . o 453

AR N -
.o
‘9: - TziTO - i *To (14
[0
2) X TR A [ I XA SF- 34 3ok A T B R
([
6:T*T0:V#*TO (15

s o0 IR = ARAE EHR XI5 2, Ho. X
S P9 A5 B G TR A IR BE A s VO B Tl SR I AR A 5
toe FV XA NS BOTR BRI EE. T, A%+
IR GR R

2 BAFHE RS

[Fil A (BT B0 T 5 ] > A2 A0 A [ 3R B2 1 o 4K
S0 it B ) i Rl 2 1 B HE KA BE AL L 1L 2~

1.4 °C, B R E A L0 ih KR 2ZE A SR
K AEfe W3 24 h Wis 4T 5 W i) By, ) 2 42
A AN TR BE ) 2 I B K AR 1 0 B A A ) S BT
TREESN 25 mo fy BB ST 4R Oy 2 42 1) 1 B K 52 19
WFFE XL BB 25 m 4b, 3 Ff ] B TS AE K R
Wi s Lt RN ER 3K 2 Pk,

H2 REZmAFRRASR TN LRESH

A3 RALmARILIATRARAFALE LEARBE (e
VR 5 1 (] [a] 35 T4 H K & BE K S RE HAE FRU ] 4 £, r=0.1m r=0.5m r=1.0 m r=1.5m
0h TH 1 9.98 7.57 7.18 4.58 3.35 0.04 0.00 0.00
T2 13. 54 11.12 10. 74 8. 16 3.17 0. 04 0. 00 0. 00
T0 3 18. 28 15. 85 7.06 4.32 3.12 0.03 0. 00 0. 00
3h T 1 2.45 2. 46 2. 40 2.22 2.05 0.09 0. 00 0. 00
T2 3.85 3.87 3.73 3. 36 2.26 0.08 0. 00 0. 00
T4 3 1.72 4.76 3.16 2.62 2. 30 0.08 0. 00 0. 00
6 h T 1 1.55 1.55 1.53 1.47 1.40 0.14 0.01 0. 00
TH 2 2.07 2.08 2.03 1.91 1.54 0.13 0. 00 0. 00
T4 3 2.28 2.28 1. 84 1.68 1.57 0.13 0. 00 0. 00
9 h TH 1 1.15 1.15 1.14 1.11 1.07 0.18 0.01 0. 00
T2 1.40 1. 40 1.38 1.33 1.16 0.17 0.01 0. 00
T3 1.47 1.47 1.29 1.22 1.17 0.17 0.01 0. 00
12 h T 1 0.92 0.92 0.91 0. 89 0.87 0.21 0.02 0. 00
T2 1.06 1.06 1.05 1.02 0.92 0. 20 0.02 0. 00
T4 3 1.09 1.09 1.00 0. 96 0.93 0. 20 0.02 0. 00
15 h TH 1 0.77 0.77 0.76 0.75 0.73 0.22 0.03 0. 00
T 2 0. 86 0. 86 0. 85 0. 83 0.77 0.22 0.02 0. 00
T4 3 0.88 0. 88 0.82 0.79 0.77 0.22 0.02 0. 00

M 3 Rl A B AL 20 3 b [l B T B0 A
I 25 m Ab Y O AR o r=0. 1~
0.5 m, JEFREAL CFRER »=0.1 m) 94 Lid R
FEMTEAEHU 2B 2 T o RfEH. 5 T80 1 M. T

Ol 2 A Il SR L RE S FL DL YA+ KO BT TR
3.5 CLfi r=0.1 m A5 LR BERAT TR, XE
AL FALBEAL /) 1 mm JE 25 <20 fy T SR B
L BHL B 2 B FL P9 0 75 [ B FL BE DL 1 2 TR E



http://gks.cqu.edu.cn

146 + REHR YL KB TE

% 34 %

TR SRR BB i A A ] L RE SR Y R b 3R AT
e, KU, 5 TH 1 HK. B TFER)ZHEET
P KA REAL, T 0 3 TR R E B TR
8.5 C A dn i RE S MY Z RIfFE M E 2T
AR TCHE A RN S R MR T e

R P RP) 3 h YL IR BRI,
HoJE TO0 2 B [m] JE AL BE P X DL S 00 3 1Y) 78 BE X
B X R O AR S W R R 1 XA
TERCR I BE AR BE (15 1% PR BE b, BB PR &2
FY AT o 3 [n] JE T 00 7 U B K B2 ) R K i Dk
INIFTERSE 9 h A BT —3.

P AFALG 3 Fp I IE T AL AE r=0.5 m ALK
o R E A B T A RE A B B DL R E R
SNFEESAE ) X R R T RER R E L
R TEM, M r=1.0 m.1.5 m bW A& HIREA
SRORFE ) U B2 U W AEGs 7 A &2 B3k 24 h Py,
r=0.5 m LSNP 5 LT3R 32 B By 52 .

o B AR AT RN R AR A &
TERT I B A, I o, i B8 E 3 i &

45

101
9 -
A
o
= ; \ e
o \ L3
B
&3 :
H2¢ I.?”l/ \\\\-t:}:
1f -0 \1’:?’::::5.5‘ ;;;;;;
ol ’ . . :
0 3 6 9 12 15
PRI 5F 8] /h

A3 RELmARRA@BRAIALEZLFHTILRE

MTH 2 50801 (R L o3 B el A, i 7 100 2
FEAEALBE RS2 SRR R B P AL b 15
FLIE ) 6 35 3 A R T L 1O A 43
H8.97.5.39 CH, WRETFIRIG, Tk 2 P&
TSGR Zevm T L0 1L 7R T 6 h P R B2 T R
JERMR.9 h G P B R R A T 3
(0.80 CTLEH).

T3 500 1A, i TR AR R P TE k.
R KA RE B I L R R I 0T T8 A A8 RE AR S 2 L (A
FOM B G L T 1 2 R LR Y B 4
B AR BT T8 1O & 45 5. 15,
5.39 C). EAEWKITIG G, T R A5 48 BE it i
) A A B TR L AR L 3 BT 0 A i
TREMHEEZ T 112, K 3 tha] DL B, K
S5 0~3 h Al ARSI Z1E . T8 3 17 2 R i

JEWS R T LA 1.6 h 5 197 25 4% i R R A
T

O 2 54 3 AH L, B i & B T
AP R E IR X G R E SR )E R
TR DXl b 0 A RE Ak 0 — 43, Hh T A A2 I A
BELAS N o A1 F 25 02 5 L BE 2Z [ 178 3l 1 335 DX 35
W IR T 2 A BT 2 (Y AR R bR
KT Lo 3,

S AR 7 B m] 80 mo [a] 45 L IR {4 2
WA L R IR 4 PR . @ 5IRE
25 m Ak 8] AL S 1 Y A O B A R R H R
B PG R AR 2578 £ 2% LA, B 78 £ 18 IR B
PRI R 15 h N IR EE 25 m 4b Y I8l 3E -+ 358 0 2 2 b
% 00 5 B A [l S50 RN 0 R R AR A B A
i

A4 RESmARALRFE(* )5 %5 80 m

EUAGLRRAR(x ¢ )R B L FHEARBRE C

le]:z; ;z 0 h 3h 6 h 9 h 12 h 15 h
T 1 * 5.39 2.28 1.49 1.12  0.90 0.75
5.36 2.28 1.49 1.12  0.90 0.76
T 2 * 8.97  3.49 1.96 1.35 1.03 0. 84
8.93 3.49 1.96 1.35 1.03 0. 84
T3 * 5.15 2.79 1.73 1.24  0.97 0. 80

5.15 2.79 1.73 1.25 0.98 0. 81

3 FHEBA L EIRIEAT T AT

3.1 ERIARFRL

AR 4 DR RS 28 ) 1 A R BRI BT 8BRS B
NS ZAAE R 50 mL AL B AR 130 mm, ¥ B fi
MEER 2.092 kW, Ji i 0. 82 m® /h, #i 3 & 9] 45
KR EE R 21 °C, ik, & W ih Ry 20 °C
JEAT  HBTE 10 m DLF MR e 1) o A A — 3, A+
KB S80S B E TS AR T . AR
it LA 00 HE I IR B0 5 28 R b iy L
2 HEE . SRR B OR RO U B Y R U MR S
iZ47 9 ho =P 15 h,
3.2 HHEZ£EsTR

i — 12 5% B 000 % 1 A RfE T A AR 0
BEEE T 2 S BUE T 5 A R A S D P 2
[ 2042 5 2) [R) Ja Al Ao A 0 It 40 44, 45 1y 18 o i (1)
ARG A R FL A TUAo] 25 1 300 25 B ) B 4% A
HB 3 LA AR AR AR E A B L 5 3D T
HZRAMCEUEN Nu = f(Re,Pr) #%, SR8



http://gks.cqu.edu.cn

% 4 z

FLF PR AR A MR R B IR R M AR 69 R R 147

P PG U 2l B A B AL, AT 32 52 56 19 52 T 45
WHIR 2R .

S RBUE TR A E L K OK IR a4
JiR . TESEPRIZATIHT 4 by REAL T 1 F g 1817 1
T IEIET 4 h L SRR S T 2 EUE T
A RANEL, WA IR ENT 7%, Sk
K AR EE y 32.5.30.5 CL AT 2 myk . ik
TS5k 34.3.30. 8 °C L H W& HIEHT.

40r
38 R WI
T.H3. TH2
361 N 4 e : .
S SEREE
34l ,.
el
11|
Haop g
T8t S
=6l T
24 f‘
22F
20 1 1 1 1 1 1 1 1 1 I ' ]
0 50100 150200 250 300 350 400 450 500 550 600
5[] /min
(a)PE7K K IR
36
34+ TH3 ‘~wa
32} o Py
230} R,
i Tt Sl
Ezg L .';." TH2 -
g aunannamnanEaRTes
%26 o .-:' “A‘A‘A _'....-"
o
24 ;'A:-... T
nl#
La
D0 | N P S S T S A A
0 50100 150200 250 300 350 400 450 500 550 600
I [E]/min .
(b)HH 7K K Tk

B4 FHREFELTHESRGEER BKEEILE

4 i

-

DFETHE A AET o 171 L BE A A 25 ) B £
St K A2 P R R ) R IR T LA e A
fiE 5 8] U S T OUAH LG (ol L RE R LA A £ X
vt il g B T2y 3.5 CLUa R R
TR E WG BT T 3.6 °CL7EWKE WG 6 h
B T MR S T 5 R S T o0 A L.
H K BE A 114 2 A IR] BRE A5A BE AL s B i B i R
IR ETF T2y 8.5 "C A8 BE 28 (8] B Xt i 47 i 3
R E KR BE R R . A BOR AT A) BRE AT Y
B AR AR IEIZ AT 5 B L AR .

BB AE R SRR A R A LR SR i U
HBHRAE Y 4 AP RE 5 B T O IR AL BE AR A7 7R 25 X
(] B RPIR 0 T -4he PR P RE AT 12 0« 6 W BB T 3 5
VAT LARE T AN 8] [ 00 T A 3t A AL BT

3) Hh T IR RE 1) b 0 A iR W R R AN
— B0 F UK 52 I 18] 5 L T B 5 ) 6 3 B B

PRI ) 5 W B B P O I ) Ok £ TiE 3t 2
BRI EE T

AH bk

[ 1] g, 8 ek, s K i S e S 5o it

BT L] £ RS 5 B8 TR, 2009, 31 (1) : 110-
124.
TIAN Huifeng, CAO Weiwu. The key parameters
method of calculating geothermal heat exchanger length
[J]. Journal of Civil, Architectural & Environmental
Engineering, 2009, 31(1):110-124.

[ 2 ] Bhutta M M A B, Hayat N, Bashir M H, et al. CFD
applications in various heat exchangers design: a review
[J]. Applied Thermal Engineering, 2012, 32:1-12.

[3 0 X062 50 . i 75, 45 M VR A4 5 + 48 IR 13 02 Re M 5

(1], B%3# s 94.2008,38(11) ; 147-150.
LIU Jun, ZHANG Xun, GAO Jun, et al. Research of
soil temperature restoration characteristics of ground-
source heat pump systems [J]. Heating Ventilating &
Air Conditioning, 2008, 38(11):147-150.

[ 4 ]Shang Y, Li SF, Li HJ. Analysis of geo-temperature
recovery under intermittent operation of ground-source
heat pump [J]. Energy and Buildings, 2011, 43; 935-
943.

L5 1 RIE A 3R, g ATV, 55, b R B0 O b 45 ) P 4
TR BE PR A R BEULLT ], A BT AB . 2010, 38(10) - 34-38.
ZHAO Lijun, ZHOU Yasu, ZHANG Xingyang, et al.
Simulation on soil temperature recovery for ground
source heat pump [J]. Construction Conserves Energy,
2010,38(10) :34-38.

U6 ] i, e 2 0 1, 45, - S U5 AR O ) BG4 7 4 1 % it

KR AR5 [T]. 1 RE.2010,341(12) :33-36.
GAO Yuan, XIE Jun, DONG Pengbo, et al. The
experimental study on intermittent movement and
ground temperature restorative characteristics of ground
source heat pump [J]. Energy Conservation, 2010,341
(12) :33-36.

C7 1 BRET. A B, S0 R, 3 5 AT Tl v i) 1 00 4 8 U

M 7 52 3 AF 98 [ ], K BH B 2% 4k » 2009, 30 (10): 1193~
1197,
CHEN Ying, YANG Min, SHI Baoxin. Experimental
investigation  on  soil pemperature  restorative
characteristics for soil source heat pump in intermittent
cooling operation [ J]. Acta Energy Solaris Sinica,
2009,30(10):1193-1197.

[ 8] %t AR BRIE 38 W], TR AT [ 0RS ek 76 b IR B8 5 57
FrRg Rz ()], EE 1R 2010,38(3) :69-71.

MENG Zhaoxian, YU Yuejin, GUO Youming.

Influence of the backfill materials on the ground-source



http://gks.cqu.edu.cn

148 X K #EH

LRENE A= 4 EARERE:S

heat pump(Gshp) [J]. Construction Conserves Energy,
2010,38(3) :69-71.

[9]Zeng H Y, Diao N R, Fang Z H. Heat transfer
analysis of borehole in vertical ground heat exchangers
[J]. International Journal of Heat and Mass Transfer.
2003, 46.4467-4481.

[10] Zhang HF, Ge X S, Ye H, et al. Heat conduction and
heat storage characteristics of soils [ JJ]. Applied
Thermal Engineering, 2007, 27:369-373.

(U] 2R W5, M e, U TR A s i M T 20000, A 34 )
¥%,2009,11:52.

ZHU Qingyu, XIAO Long. The add-back process of U-
tube ground heat exchange [ ] ]. Heating &
Refrigeration, 2009,11:52.

[12] Wang Y, Wong K K L, Liu Q H, et al. Improvement
of energy efficiency for an open-loop surface water
source heat pump system via optimal design of water-
intake [J]. Energy and Buildings, 2012,51:93-100.

[13] Choi ] C, Lee SR, Lee D S. Numerical simulation of
vertical ground heat exchangers: intermittent operation
in unsaturated soil conditions [ J]. Computers and
Geotechnics, 2011, 38:949-958.

[14] Florides G A, Christodoulides P, Pouloupatis P. An
analysis of heat flow through a borehole heat exchanger

validated model [J]. Applied Energy. 2012, 92.523-

533.

(151 55 . FE . T A= $ok 38 #4007 00T b B0 4 45 P B Y 52
ma A3 A LT, R R 4R ,2012,35(3) : 140-146.
WANG Yong, TANG Xi. Influence of heat storage
mode of domestic hot water on the performance of
ground heat exchanger in ground-source heat pamp
system [J]. Journal of Chongqing University, 2012,35
(3):140-146.

(167 FENE, £ 5. /K74 1 R 5 1o 4 PO &L b [ 4 i 30 5t

AR E T BT ). e 5 A, 2011,107(25)
197-201.
TANG Xi, WANG Yong. Method of ground surface
boundary condition of soil heat transfer model around
horizontal ground heat exchangers [ J]. Refrigeration
and Air Conditioning, 2011,107(25):197-201.

(17] Zedr [, 807, I AE. U B0 e B 45 4 S0 20 4 1 T L
SR R B E A LLT ] K BH B 2% 4Rk 2004, 25 (5) : 703-
707.
LI Xinguo, ZHAO Jun, ZHOU Qian. Numerical simulation
on the ground temperature field around U-pipe underground
heat exchangers [J]. Acta Energy Solaris Sinica, 2004, 25
(5):703-707.

C187 sk Ji] o 5 g . AL 2 LML Jb 5t BF 2% R, 2009,

(%% BHE)



