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Fig.1 Schematic diagram of closed loop system for abandoned

mine water source heat pump
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Table 1 Parameter settings for the model of pumping—

recharging wells of water source heat pump of

the abandoned mines
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Fig.2 Schematic diagram of different layout forms of

pumping-recharging wells
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(Triangular arrangement 4)
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(Triangular arrangement 4)
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Fig.5 Variation of pumping temperature under different

pumping-recharging wells arrangement schemes

MRS PTRAR . —fh— 3 R BT 5y
T REE AR o, il 1 kA TR
JECREE, —f—E 2 H—W—E 3 kAT HE
JEPRTTE” ; — P AP AR 1 R A
“EAETE”, HAbAR BT S kA Al G —
R = A = 2 =4 kR A A
i HAtA B 7 S R A AT R

eI H- 75 5 il K RRE T B 8 fie /1N 3
. — TP B | —HhRE = 2 — g =
14 FEATXSEE ORI 6 R

20821
298.0F RSN
AN N
297.8} N
\
MO29T6F \
E2TAL it 1
- = - PR 2
T2 —— = 4
S e
297.0k I L B
296.8 L 1 1 L 1 ]
0 20 40 60 80 100 120

i) /d
B 6 3%hARmAKEENTEL

Fig.6 Comparison of pumping temperature of three schemes
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Fig.7 Different recharge temperature aquifer temperature and fluid flow line diagram
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Fig.11 Variation of pumping temperature at different

well spacing
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Fig.12 Aquifer temperature and fluid flow lines at different well spacing
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Fig.14 Aquifer temperature and fluid flow lines under different hydraulic gradients

TREE/K
298

296
294
292
290
288

286

500 284

MR OB, K TR 28 R ik 2851

BN, it R T

325 HKIZEE 2070} N AN
PR IR BT K SCH R 4, R £ 05} )

RIS RE B 7K 2, RS R R T 47 o0 SO

FrK IR R K EH R M B | A% SO wsof T EEEDM N

T 3 FORI A KRR KRB 1 A 2945 -

IKIZRE S 5, 53R Kl 15,16 s, P00 a0 0 80 100 120

&L 15,16 AT LA i« Bk Z R0 dilK
IR T REPERT, H TR, &K 2R
/I, [IE IV 7 DX T 1 FR O S RO %

RE/K
298

500 500

296
294
292

290

Wy FFRES /m
W y FlE S /m

288

286

0 U x BB s00

(a)BJIE]2 120 d, S7K 2B 30 m

W x PR B /m 500
(b)BFIE] g 120 d, K2 EEEHy 20 m

i a)/d
15 AEESKEEETHKRESTK
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Fig.16 Aquifer temperature and fluid flow lines at different aquifer thicknesses
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Fig.17 Aquifer pressure and fluid flow diagram under different porosity
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Investigation on the layout and parameter sensitivity for the
pumping-recharging wells of water source heat pump of
the abandoned mines

Zhang Zhigiang', Huang Tishi*, Zhang Wenke', Huang Feng?, Wang Kexun', Ma Xueqing'
(1.School of Thermal Engineering, Shandong Jianzhu University, Jinan 250101, China; 2.Shandong Geo—Mineral
New Energy CO.,LTD, Jinan 250013, China)

Abstract: The abandoned mines contains abundant geothermal resources.This article takes the
mine water of gob area as the research object; in order to ensure the stability of pumping
temperature during the heating season, the layout and parameter sensitivity of pumping-recharging
wells of water source heat pump of abandoned mine are studied. Firstly, based on the Darcy’s law
and the theory of heat transfer in porous media, the two—dimensional numerical calculation models
of the coupled multi—physical fields of the pumping-recharged well are established.Secondly, the
pumping water’s temperature variation of 14 arrangement forms of pumping-recharging wells are
analyzed while the theoretical models are employed. The most reasonable arrangement form can be
selected according to the degree of the heat transfixion. Finally, when the selected pumping—
recharging wells’ arrangement form is taken into consideration, the effects of different factors
including the recharge temperature, the pumping—recharging water’s flow rate, the wells’ spacing,
the hydraulic slope, the aquifer thickness and the porosity on the pumping temperature are
discussed. The results of the analysis show that the well placement method of triangle 4 only
decreases the pumping temperature by 0.148 K at the end of the system operation, and the
occurrence of "thermal penetration" is the least and the well placement method is the most
reasonable. The occurrence of "heat transfixion" in the aquifer is more sensitive to parameters
such as pumping flow rate, well spacing, hydraulic gradient, and aquifer thickness, while it is less
sensitive to recharge temperature and porosity.

Keywords: abandoned mine; water source heat pump; pumping -recharging well; heat

transfixion ; reasonable arrangement; parameter sensitivity; numerical models
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