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Research on Influence of Operation Mode on Geothermal Field

Efficiency of Groundwater Heat Pump

ZHOU Nian-qing' , KONG Ling-xi', WANG Xiao-qing’, WANG Yang®
(1. Department of Hydraulic Engineering, Tongji University. Shanghai 200092, China;
2. Shanghai Engineering and Technology Research Center of Shallow Geothermal Energy. Shanghai 200072, China)

Abstract: Based on a groundwater heat pump project in Shanghai, a 2D simplified coupled thermal
conduction and groundwater seepage numerical model was established to simulate the heat
transport process of porous media in the production aquifer by means of finite element analysis
tool COMSOL Multiphysics, and the field monitoring data of heat pump operation for 3 years
were used to identify and verify the model. The efficiency influenced by cooling/heating load
design and pumping/injection mode of heat pump system were discussed on geothermal field
under different working conditions in production area, the evolution characteristics of geothermal
field during operation of heat pump were predicted and analyzed, and finally the operating effect

of the system was evaluated. The results show that when the heat pump system is running
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according to the original design scheme, the pumping and injection wells have a good short-term
operation effect, but the heat transfixion phenomenon will occur at the end of the 7th heating
period, which means that long-term operation will not be conducive to the heat production of hot
wells. If 20% heating load is reduced and 20% cooling load is increased, the diffusion velocity of
cold affected zone is reduced 46. 3% , the operation effect of the system is significantly improved,
and heat transfixion phenomenon will not occur within nine simulated operating cycles, which
indicates that reasonable adjustment of the cooling and heating load is beneficial to long-term
stable operation of heat pump system. When the cooling load and heating load is constant, the
diffusion velocity of cold affected zone decreases by 9. 3% and 15. 7% respectively when the
circulating water flow decreases by 10% and 20% respectively, the heat transfixion phenomenon
is effectively alleviated, and it can still meet the needs of the project for refrigeration and heating.
It is further clarified that the pumping and irrigation mode of large temperature difference and
small flow should be adopted in the groundwater source heat pump system.

Key words: groundwater heat pump; coupled thermal conduction and groundwater seepage; geo-

thermal field; heat transfixion; operation mode
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Pumping and Injection Modes

PRI & SR S Rt 2 /N U 7 ik A SRR il /s R S iz
A7 08 3t 37 9 R 0

Bl 2 Az AT, 45 T 00 ¥ 01 A 1) 3B iy IX
BITE 20~40 m Z [A] . 52 BLSE I B W46 Y 3
(9 SRR 1.2 m e a 'y BRI X
KRS AU T B R N REIBITHY
SRR/ . (RS TE R TRV AR TELE I
TR I8 B 7K 4l 98 Kl 22 Al A R L 2 46 A 48 4
PG AL T A P 8 BRI RE 18 2 1YL BT DL
R K R AL 22 IR AT RE AT & i 45 0 il Y K

o — THI
----- T 6
SH 3st --- T
I 30F
E
]
£ 25¢
20

1 2 3 4

B9 FAEMERAHHBZMEFE
Fig. 9 Radius of Heat Affected Zone Under Different

Pumping and Injection Modes
Y
4 % iE

(1% COMSOL Multiphysics 22 57 B #5 #
A BB BT R A A Y 1 i A0 M R K R A B AT
W B AR R AE . BRAT 00 A B2, SR R, R
RGN T RO R4 H i T2 4E A e KT
Yt B PRI IS AT ¥ R ) X I [ 3 W 1
RV HRIET Z 1) 2 7E 55 7 A BEmE IR LA 515
A KB AT R AT T O I A

(2) P80/IN R Ay 38 v B i m] DL 35 SE 2 BB
WA B e, N 20 %0 A B far G TR B 8
200004 B A7, ¥ R MR DX T I0 R B L D R BRI
46. 30  AEBAJE I N OF R R A R TTIE . AR A T



% 5 P & T ORR AR EATEE X AT HR I AR R BT R

291

o 14 T A5 FAE W X4 HIORE B B0, AFUOR 2 X8 I
AIEAT I R . DRI, & B v (IR e A R T
MR RGN K BREEBTT.

(3) 4% I far & T4 a2 B 23 3146 K 10 26 AN
20 YO8 R 7K R, ¥ B2 ) X HCEE 8 0 i) B DR T
PEw 11 L2001 22, 2 %6 5 4n 5% 43 3108 /s 10 %6 F 20 %%
HEERIK B ) 2 S REAR T 9. 3% A1 15. 7% . 13d BH ik
NGV KU B 3 ORI 2 1l TR A R A R i AR
Frm M4 m kA
B E K :

References:

[1] LO RUSSO S,TADDIA G,DABOVE P,et al. Effec-
tiveness of Time-series Analysis for Thermal Plume
Propagation Assessment in an Open-loop Groundwa-
ter Heat Pump Plant[J]. Environmental Earth Sci-
ences,2018,77(18) :1-11.
752 B HOh o, 45 PR 4R R e IR
Ko BT ] e 54598 ,2019,19(5) . 71-78,83.

GAO Xiu-zhi, WANG Feng-hao,JI Kun-chi,et al. De-

[2]

velopment Status and Prospects of Heat Pump Heat-
ing Technology[ J]. Refrigeration and Air-condition-
ing,2019,19(5):71-78,83.

CASASSO A, SETHI R. Modelling Thermal Recy-
Heat Pumps
(GWHPs)[J]. Renewable Energy,2015,77:86-93.
POPHILLAT W,ATTARD G,BAYER P,et al. Ana-

cling Occurring in Groundwater
[4]
lytical Solutions for Predicting Thermal Plumes of
Groundwater Heat Pump Systems[ ] ]. Renewable En-
ergy»2020,147:2696-2707.

MILNES E, PERROCHET P. Assessing the Impact
of Thermal Feedback and Recycling in Open-loop
Groundwater Heat Pump (GWHP) Systems: A Com-
plementary Design Tool[ ] ]. Hydrogeology Journal,
2013,21(2):505-514.

[ 6] LO RUSSO S, TADDIA G,GNAVI L, et al. Neural
Network Approach to Prediction of Temperatures
Heat Pump Systems [ ] ].
Hydrogeology Journal,2014,22(1) :205-216.

GANGULY S, MOHAN KUMAR M S, DATE A,

Around Groundwater

[7]
et al. Numerical Investigation of Temperature Distri-
bution and Thermal Performance While Charging-dis-
charging Thermal Energy in Aquifer [ J]. Applied
Thermal Engineering,2017,115:756-773.

EMA. Z LA BB AL & S 30 R BT 5E (D], K
J5 R U TR 2%, 2015,

WANG Peng-jie. Experiment and Simulation Research

[8]

(10]

[11]

[12]

[13]

[14]

[1

]

on Porous Medium Under Coupled Thermal Conduc-
tion and Groundwater Seepage Conditions [ D J.
Taiyuan: Taiyuan University of Technology,2015.
LEOL, EEH. T OB S DR IR IR RN S
BRI[A] BE K A R Ak - DABUBMR LR R LT ], K BE iR 5
K T AR ,2018,29(4) 1 143-149.

MA Zhi-yuan., ZHAI Mei-jing, XU Yong, et al. Rea-
sonable Well Spacing and Layout Optimization of
Shallow Source Heat Pump Using Sand Trough Simu-
lation; A Case Study in Fenglinjiuxi[ J]. Journal of
Water Resources and Water Engineering, 2018, 29
(4):143-149.

LO RUSSO S,GNAVI L,ROCCIA E,et al. Ground-
water Heat Pump (GWHP) System Modeling and
Thermal Affected Zone (TAZ) Prediction Reliability:
Influence of Temporal Variations in Flow Discharge
and Injection Temperature[ ] ]. Geothermics,2014,51;
103-112.

ATTARD G,BAYER P,ROSSIER Y,et al. A Novel
Concept for Managing Thermal Interference Between
Geothermal Systems in Cities[ ] ]. Renewable Energy,
2020,145:914-924.

£ OWCEMNE. B T BT U IEE 0T K R
REG BT R LT] KR 5N T R,
2019,17(5):153-158.

WANG Yang, WANG Xiao-ging, LV Liang. Opera-
tion Strategy Optimization of Groundwater Source
Heat Pump Based on Monitoring Datal ] ]. Journal of
Water
2019,17(5):153-158.

GARCIA-GIL A. MUELA MAYA S, GARRIDO
SCHNEIDER E.et al. Sustainability Indicator for the
Thermal

Resources and Architectural Engineering,

Prevention of Potential Interferences Be-
tween Groundwater Heat Pump Systems in Urban
Aquifers[J]. Renewable Energy,2019,134:14-24.

A LR KPR A THM B A 8400 K TR %
[D]. ik re « % B T K%, 2019.

HAO Dou. Groundwater Source Heat Pump THM
Coupling Simulation and Engineering Application

[D]. Huainan: Anhui University of Science & Tech-

nology,2019.
JAEZ ST AR I R G R s AT
TR BRI R R F iR (A AR BO .

2009,39(#4 2):297-303.

ZHOU Yan-zhang, ZHOU Zhi-fang, FU Zhi-min.
Simulation of Thermal Transport in Aquifer for the
Sustainable Running of GWHP System[]]. Journal of

Southeast University ( Natural Science Edition),



292

EAMFE TRFIR

2022

[16]

(17]

[18]

[19]

[20]

2009,39(S2) .297-303.

BLAZQUEZ C S, VERDA V, NIETO I M, et al.
Analysis and Optimization of the Design Parameters
of a District Groundwater Heat Pump System in Tu-
rin, Italy[J]. Renewable Energy,2020,149.374-383.
FREEDMAN V L,WAICHLER S R,.MACKLEY R
D.et al. Assessing the Thermal Environmental Im-
pacts of an Groundwater Heat Pump in Southeastern
Washington State[ ] ]. Geothermics,2012,42:65-77.
ZRHEIS TR E .. BT R OKER HAR
R AKIERRE R G IR T R LT m kAL 5K
AR (R 95 30),2020,18(5) :165-173.

LI Hai-ling, ZHOU Yu-ze, CAO Ya-xin, et al. Con-
trolling Plan of Well Group Operation of Groundwater
Source Heat Pump System with the Target of
Groundwater Pressure Recovery[ ] ]. South-to-north
Water Transfers and Water Science & Technology,
2020,18(5):165-173.

GAO Q.ZHOU X Z,JIANG Y,et al. Numerical Sim-
ulation of the Thermal Interaction Between Pumping
and Injecting Well Groups[J]. Applied Thermal Engi-
neering,2013,51(1/2):10-19.

ORARVL. 2 ML E OB M T OKIERE RGP
PR 0L = 4 B A A [T ], Rk TR 27 4Rk, 2014,
30(2):198-204.

LUO Zu-jiang, LT Wei, WANG Yan, et al. Three-di-

mensional Numerical Model for Heat Balance Simula-

(21]

[22]

(23]

[24]

tion of Ground-water Heat Pump[ ] ]. Transactions of
the Chinese Society of Agricultural Engineering,
2014,30(2) :198-204.

JETH, 2 e HR L 1R 4. COMSOL - & 7E M i b T
2P BE R 552 R 43 BT b i BRI LT . 3 bR R AR A R
G ERPBHF RD . 2021,51(2) :526-532.

ZHOU Dan-kun, LI Xiao-zhao, CHANG Xiao-jun.
Application of COMSOL Platform in Analysis of In-
teraction of Urban Underground Multiple Resources
[J]. Journal of Jilin University (Earth Science Edi-
tion) ,2021,51(2) :526-532.

PARK D K,KAOWN D, LEE K K. Development of a
Simulation-optimization Model for Sustainable Opera-
tion of Groundwater Heat Pump System[]]. Renew-
able Energy,2020,145.:585-595.

B S MR K IR R G b B PR PR O B AT
PRALLD]. dbat: db st i A2, 2020.

ZENG Jin-wen. Investigation of Heat Seepage Trans-
fer of Aquifer with Pumping and Recharge in Ground
Water Heat Pump System[ D]. Beijing: Beijing Uni-
versity of Civil Engineering and Architecture,2020.
Whots . b 3o I LB Ak rh 3% T A% PRt i A A 4
T (D], db s i 4R KA, 2014,

CHEN Bi-guang. Study on Numerical Methods for
Coupled Fluid Flow and Heat Transfer in Fractured
Rocks of Doublet System[ D]. Beijing: Tsinghua Uni-
versity,2014.





