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Fig. 1 Laboratory bench of ground source heat pump
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Fig. 2 Variation of soil temperature of different

layers with operation time

3 7R o v )2 B I B B AR 1) BB ) AR Ak
B, A HETR R R AR ) I A RN N, i
17 21 h J&5 , A& M E 2 40,105 F1 180 mm Ab 119 + 4
TRy 91oh 33.8.31.3 1 29.8 °C. 7EARL [f) i 25 A 7]
P T | IR 32 47 i) (DR 4 H 7L B e v, a4
I FEES N 105 mm B, ARIE 4T 1.5.21.0 F1 42.0 h
Ja R AR R 29.2.31.3 F132.2 °C,

36 BT E)/h
=15 —— 6.0
—4—-21.0 —v—30.0
3413 e 420

+HEREC
(98]
[\)

30F

28+

40 80 120 160 200 240 280 320 360 400
1217 B B /mm
E3 IR

Fig. 3 Soil temperature
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Fig. 4  Variation of heat transfer per unit length with
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Fig. 5 Variation of soil temperature with operation time at

different Re
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Re and operation time
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operation time different Re
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Fig. 9 Variation of inlet and outlet temperature of fluid with
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operation time ( Different inlet temperatures )
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Fig. 10 Variation of soil temperature with-distance at

different inlet temperature
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Fig. 12 Variation of inlet and outlet temperature of

fluid with operation time
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Fig. 13 Soil temperature of different radial distances
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Fig. 14 Variation of heat transfer per unit length with

operation time
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Fig. 15 Variation of inlet and Outlet temperature of fluid with

operation time (Double continuous operating )
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Fig. 16  Variation of soil temperature with operation time
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Fig. 19  Variation of inlet and outlet temperature of fluid with

operation time (Double intermittent operating)
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(Double intermittent operating )

i3 B 21 A S S E TR U L T Bk

BT b 3 A ] 161 = 39008 38 U8 S i B8 ARG N L 3
B A5 1) S P BT e o 3 AT L 21 WAL, AR )
BE R 180 mm I 8 8 s iR 2 R 0.14 °C, 7]
INHTEZ LI S50 T, R BGE 1T AR - etk 3
AN 180 mm. X Ebi#ELia 1T, AT R I IE AL
BATAR T eI Bl AR K, T [R] RS A T4 2
T R IERP AR RN

30p
28F @
o 26}
=
27 SEFT /M
® —=05
- 22 —e 15
—a—50
20F v 75
—4— 100
185 100 200 _ 300 400 500
1A /mm
K21 A RS LSRR BT AL oz T)
Fig. 21  Soil temperature of different distances radial

(Double intermittent operation)

P22 45 T XU T35 () BRPE v A 58 75 ) X
T, B4 K A B2 AT IR A AR . BT
] B2 A7 A X, B 4 K 4 A B B AR IR 35 1T I ]
(R 38 I, A — B B[] P PR A K e g JLP N &
X2 PR EE WA T AR A 48 P T R
BRI R 22 Bt 3 15 ML T (% JE K T 34 3
NG TE, AT M TS TR R R W
BOZBGE . AT 22 TSN e TR BRGE AT AR KR
B4 K R AE 0.1~38.9 W/m Z i), #H [ &
Sria AT

100

®©
(=]
T

(=)
(=]
T

BApLAE KA/ W m !
IS
[

393
(=]

0
0 100 200 300 400 500 600

IBATHT A/
K22 B A AR B ) ) A2 A (UL I Ris 4T )
Fig. 22 Variation of the heat transfer per unit length with

operation time (Double intermittent operation)



1788 K

FH

[Ny

p

s 404

25 LTIk AR HE AR B — TR A Bl
B PR RUT B SR 1B AT AT I 35 e i 4 o
TR X T Sk X €M), R
R BHBE-H AR R (e Be B i) . Bk
IR FH BE AR IAAS A K FH BE AR 4 34, JE A 31 7%
A Ao A B i A B e e e T
IR IUAEE S L .

5 4

=H

DIE R TGS 4T, iRt b e 2
et I B8 B AR e ks TR e AR AR R .
AL B AT I, AR L IR BE A I 29.6.
28.7 C; AFEIBAT 72 h, P ARHE O EE 4 0N
36.1.35.5 C; 35830 3 BE A2 ) I 25 100 185 Jom 8 i o
AR, G ¥R 35 4T 21 h B, 48 1) BE 25 43 59 40,
105,180 mm + 3R JEAR K Ny 33.8.31.3,29.8 C;
PRI B2 17 B [R] A BE IMEAR RS

2) BEMR AR E T (Re) , AT 30 24 445 ey PR 4
FAe b 5 U A T ) AR A X b A A (r<80 mm)
- MR S A B A A A i S 1 R
[ (ER AR

3) Vi AR I B A o v X R R RN A A
Kt (R AR . AR ARt TR 43 3 A 40
45 C,AZEIBTT 24 h B, A2 1 HE Sk 80 mm i £33
T35k 31.9.33.8 °C; 42 1A 25 4 280 mm B,
TR SR BN 28.4.29.0 °C, X I ) BAA 45 K Ha i
RN 12,7 141 Wim,

M FERIE R BGE TR, 1 50R 2 82
AR Ak, I B AR [ S T BG hni ga/0N , BE AR S
IR /N T3 R, AN BRI IE AT I ] R 19 h, A2 1) E 5
9 60 mm B, 7E 3 PR I T80T, 58
FEAR IR K 34.9.34.4.33.0 °C, 42 1) BE 25 2 205 mm
BF, 3 Fi AR R i BT, 8 AR R R
31.1.,30.9.30.8 C; BN A KA IR 15 458 1T
BTN AT

5)TE XT3 S22 17 MR B2 1T 2 Fpis 1745
T, iR ) ] b v R ) 2 B b R B S
PEAR AR, LD 21 M8 5 22 Bl A% 1] BB 0 184 i 9 /N
] B 3% 2 3s AT A T 0 B Dk iR R,
i SL/8) Bz A7 R R A K A= BT
14.4~61.5 W/m Z [0 F1 0.1~38.9 W/m Z [A] .

#®

(1]

(3]

(4]

(5]

(7]

(9]

[10]

[10]

(5% 30k ]

Kang E C, Riederer P, Yoo S'Y, et al. New approach to
evaluate the seasonal performance of building integrated
geothermal heat pump system[J]. Renewable Energy,
2013, 54(6): 51—54.

Kim Jiyoung, Jang Jea Chul, Kang Eun Chul, et al.
Verification study of a GSHP system manufacturer data
based modeling[]]. Renewable Energy, 2013, 54(6) :
55—62.

Choi Jong Min, Park Yongjung, Kang Shin- Hyung.
Heating performance verification of a ground source heat
and double tube type
GLHEs[J]. Renewable Energy, 2013, 54(6): 32—39.
Cho Honghyun,

pump system with U- tube

Choi Jong Min. The quantitative
evaluation of design parameter’ s effects on a ground
source heat pump system[]J]. Renewable Energy, 2014,
65(C): 2—6.

Zeng Heyi, Diao Nairen, Fang Zhaohong. Efficiency of
vertical geothermal heat exchangers in the ground source
heat pump system[] ]. Journal of Thermal Science,
2003, 12(1): 77—381.

Fujii Hikari, Yamasaki Shohei, Maehara Takahiro, et
al. Numerical simulation and sensitivity study of double-
layer Slinky- coil horizontal ground heat exchangers [Jl.
Geothermics, 2013, 47(7): 61—68.

Lee Chun Kwong, Lam H N. Computer simulation of
borehole ground heat exchangers for geothermal heat
pump systems [J]. Renewable Energy, 2008, 33 (6) :
1286—1296.

Nagano Katsunori, Katsura Takao, Takeda Sayaka.
Development of a design and performance prediction tool
for the ground source heat pump system[]J]. Applied
Thermal Engineering, 2006, 26(14-15): 1578—1592.
Katsura Takao, Nagano Katsunori, Narita Shigeaki, et
al. Calculation algorithm of the temperatures for pipe
arrangement of multiple ground heat exchangers [J].
Applied Thermal Engineering, 2009, 29 (5-6) : 906—
919.

BmER, | I UREH AR N R ].
W RS AR SRR, 2000, 36(12) : 44—
48.

Yang Changzhi, Huang Bing. Study on Influence factor
of heat transfer performance of the U-tube[J ]. Journal of
Hunan University: Natual Science, 2009, 36 (12) :
44—43.



610 SONESE. AR AGBAT T HUIR A R B L R A SR BT 1789

[11) BB, HaWIfE , BRIRTE. AR SaqT T.O0 T2k i (24): 193—199.
HPRAEHINER B ML [T ). ZRR RS FARRL [13] Pu Liang, Qi Di, Li Kang, et al. Simulation study on
fiZ, 2013, 43(2): 328—333. the thermal performance of vertical U-tube heat
[11] Yang Weibo, Shi Mingheng, Chen Zhengian. Heat exchangers for ground source heat pump system[]J].
exchange characteristics of vertical U-tube ground heat Applied Thermal Engineering, 2015, (79): 202—213.
exchanger with discontinuous operation condition [J]. [14] 1i Chaofeng, Mao Jinfeng, Xing Zheli, et al. Analysis
Journal of Southeast University: Natural Science of geo- temperature restoration performance under
Edition, 2013, 43(2): 328—333. intermittent operation of borehole heat exchanger fields
[12] #p Tk, FheEis, 5 HE. AHZAS PR E] 5 R 45 460 24 [J]. Sustainability, 2015, 8(1): 29—35.
& BB R E [T ], ROl TR 240, 2014, (24) . (15] Dk, WEUME, PRiRez. TR st TRk
193—199. ST ). RBHAEE, 2007, 28(9): 1012—1016.
[12] Yang Weibo, Sun Lulu, Wu Xuan. Energy storage and [15] Yang Weibo, Shi  Mingheng, Chen Zhengian.
heat transfer characteristics of ground heat exchanger Experimental study on the operative characteristics of a
with phase change backfill materials[J]. Transcations of ground- coupled heat pump in cooling mode [J]. Acta
the Chinese Society of Agricultural Engineering, 2014, Energiae Solaris Sinica, 2007, 28(9): 1012—1016.

EXPERIMENTAL STUDY ON TEMPERATURE CHARACTERISTICS OF
SOIL AROUND BURIED PIPE UNDER SINGLE OR DOUBLE
OPERATING CONDITIONS

Wu Xuan, LuZiye, Liu Wei, LiSongyang, Liang Panlong, Jin Guang
(School of Energy and Environment , Inner Mongolia University of Science and Technology , Baotou 014010, China)

Abstract: The variation of soil temperature around underground pipe heat exchomge, fluid inlet and outlet temperatures
and heat exchange capacity of unit pipe length with the heat pump operation time is analyzed based on the experimental
study. The effects of various factors such as Re, fluid inlet temperature and heat pump operation mode are explored, and
the time variant characteristics of soil temperature and heat exchange capacity of unit pipe length is obtained. In the
single operation condition of heat pump, the results show that the soil temperature and the heat exchange capacity of unit
pipe length increase with the increase of heat pump operation time and go to steady in the end. The proper increase of
fluid inlet velocity (Re) contributes to the improvement of heat exchange capacity of unit pipe length. The change of fluid
velocity has a great influence on the soil temperature in the range of r<80 mm. Under the intermittent operation mode, the
rising rate of soil temperature rise is slower, while the heat exchange capacity of unit pipe length is increased comparing
to that under continuous operation mode. Under double operation conditions of heat pump, the soil temperature around
the buried pipe fluctuates up and down under both the continuous and intermittent operation modes, and the fluctuation
range decreases with the increase of radial distance. The soil thermal influencing radius under continuous operation mode
is larger than that under intermittent operation mode.

Keywords: ground source heat pump; experimental study; soil temperature ; heat exchanger; operation mode



