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Influence of sustainable load imbalance ratio of heat exchanger of
medium-shallow borehole
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Abstract: The heat exchanger of medium—shallow borehole which have a deeper depth than the traditional ground source heat
pump system and can sustain a notable load imbalance ratio and widen the application scope of geothermal energy. In order to
investigate the long—term performance of medium-shallow borehole heat exchanger in the area with unbalanced cooling and
heating load of buildings and the sustainable load imbalance ratio under different design parameters, a comprehensive numerical
model is established based on the OpenGeoSys. The results show that the sustainable load imbalance ratio of medium—shallow
borehole heat exchangers change with different scales. The load imbalance ratio of a single heat exchanger is 56 %, while the load
imbalance ratio of the heat exchanger located at the edge of the array is the largest of 60 %, and the load imbalance ratio of the heat
exchanger located in the center of the array is the smallest of 45 %. This indicates that the cold accumulation phenomenon will
reduce the load imbalance ratio of the medium—shallow borehole heat exchanger. Therefore, in the actual operation process, the
overall operation performance of the array can be avoided by shutting down some medium—-shallow borehole heat exchanger located
in the center of the array. Under three different arrangements, the load imbalance ratio of the medium—shallow borehole heat
exchangers also changes, ranging from 53 % to 58 %. The average load imbalance ratio of the medium—shallow borehole heat

exchangers in staggered arrangement is the highest, so it is recommended to adopt staggered arrangement in practical application.
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The results show that the newly proposed medium—shallow borehole heat exchanger can sustain a notable load imbalance ratio, and

provide a basis for the design of medium—shallow borehole heat exchangers.

Keywords: heat exchanger of medium—shallow borehole; pipe network characteristic; load imbalance ratio; long—term performance;

design parameter; arrangement

HEA 21 2t DR, 4t 5 1 1 25 BB VR T #E 2R
W, BB TS Y H 35 E A N, JEAT L H R
FET Bk FEREVR M A 219 36 %, 5 4Bk CO, HEKL
Y40 %, PRI, R AT A RE VR R I A SR REAE X
AR A R X IR N — Rl i
REVR, B TR Frse M s S e 7 (ERE i
A Tl 8 N A2 B T A A Y Tz
K,

[ 0 A T R TR T & R AR
KB IEAER , TRZ A RE T i B A A A S
FHEN T Tz B, SR 2 A Hb IR IR R G A
SRR HAEAE LA ) - (D7 )23 MR A5 b IR IR R
G5 R BRI R )Z B E IO . WA K 2T
IR AR IR AT AN T, REEMERE SR
RS, QTR M MR b PR IR R G o b T B K,
FESEBRI T 258 5) 52 3 3 M B ] . 72 b A5
JRAAIE R G0 H A BLA¥e IO far AP 04 0 R
3 30 B R GO AR, X AR SN R G
WG B AT AT SIE S B, 4B Hb R AR
FRGAKINB AT AR P ) O 2 e 2

VFZ22f3 B iR 670 Af AN P-4 25 58 20 At U A4
RRGE MBI A AR . YANG %8 i, 4
MR IR 2R G HE S A b A B K T
AC P AR B, i BRAS P B G0 A A T i R
QTAN Z% B[] B iz 1 7455 28 AT LSy i ¥4 L3RR
o A HERL, SE T B S R Gt RE . LUO SR Bk T
HESH A I 3 K T T, P EUBIEIVE R 5
{18 41 ¥4 RE 502 B B8 8, T AL RE R M A 1K . ik
F 58 22, ¥8 671 far A0 B B0 A 0 AS S A 2 A R 42 11
PERE . AT AU AS A 3R 98 K 2 BT A A
PUTEL I H b A e AR R 00 TR B 5L R FE 200 m
PAPIL

RV 2 R e AR A K WS AT R R
PR A5V A7 7 P , SR T A 90 AT r R P 1 I R 7
VEZ2 Ml X 30 A7 o AR TR G iR B R 8 1t 200 m
(10 74 J22 b ML S AR | 4 S 10— i 78 v 7 2 e 3
AT HAT 400 ~ 600 m HEYR . 445 FLIR B 24 4

TR, F e J2= s A o s B0 L EARE T DR T V4 i
JIN AN ZR G ] TR s B R B A RSP A L DAL
PO T R A AR AT NP A X AT
FEl AR L b X A ARG AR Sk, (H 2 v v 2 b A 4
TGS AT AP R A S0 DR 2R 0 R AT 2 R T 0 A

I FH I I8 85 (B A 8L 3K OpenGeoSys—TESPy 14
AT A A] K ) A8 L M ) v R R A A R A
B, JF5 BEIER R B i B AT S0k . 2553k WA
HR 2 MR A 0 A BE A TEAFAE 0 3 4 R U
APAFRTE LT KRB 7. M AR AL
LA [} A 7 2T 1 v i 2 el MR A A T Y | il i
TR B BERBUIT I 1A e LS R A 77 5C
X H 2 A AR R 3 AT A7 T S S R ) S
Wiy , BT A 258 R AR v 2 A e P i 504
PR

IBRS
11 gsrEm

OpenGeoSys FAF R G A it A7 BR T 26
R PR AR AR R IR 23 by AR 43 - O Al L R 4 7
oy — LR AT FR TC A% (6 455 P 2 el 2R 8 AR
e FILJE] Bl LSO L) 5 SR JH 5 O — kA ook
P LRy o BhAL R A - SR 03 2 TR BRI 5 R
FH G HE Robin BUH A 1F . A8 = ZEAS LR 5K it
X A S R 5 oA S ety S A PR
OpenGeoSys 5 fift BT i AH LU AT LU 23 52 2 1 i 5 2 A
FHb T4, 5 FLUENT , COMSOL 45 oAb it 2 1) 7
M ARAFAR L, 7T AR I8 A 315 A B, DAk, 1 48
RIS AT I ) PRI AE AT 232 K P

TESEPR TREIHI b, Sy i e i SR 0 B s 205K
PR IATE R GE I L AR = B AR AR A
o PRI, 5 7% 8 rp A 2= A 5 R85 s 1 A )
PR B K 1 52 BN, HER T b PR S AR
BT LA BE T o Python #1235
T H TESPy"3# 1 Newton—Raphson 32 1% 2% 3K figf 5 i
FNRE AP 7 R , AT T 5 2 A A



888 SRR 2, A R SR A R A S T AN ROR B RE

2022 4F

MY $12% ol

AR N PR I AL 1) BRI AR Y
FEEESH Hor, bk 2 M A B A 25 0 2R I
IR B 1E S BONE 3 Python Cool Prop 8 8 725 8,

TE OpenGeoSys oA T Python Een| pybind11,
IS OpenGeoSys F1 TESPy Z A A A HA
By o FERRUGEACH, rh R 2 A AR 19 R
£ tH OpenGeoSys #1521 , 4% Ji5 18 1 pybind 11 15 4
F| TESPy, TESPy ¥ it 5 R il v % )2 Hb M5 6 2 28
R A IR e SHEORE o, LA At o e A L A B
i, SR P X e TR 1% ] OpenGeoSys LA#EAT T
—UGEAR L MR ARG R BRI 22N TR E AR 2T
SIS

Hh R 2 b A 4 RS R AR R R (B D)l
FH Y T AR R0 A B PG 22 M XY M R S Bt AT
SEPY R RL I TR, R PG 2 b IX ) A P 8RR
VE R 55— 2530 B2 Ak 5 AL AR 3ok 114 0 T 155 8 S TG 446
T A 5 BT SR A IS 15 A D 4 b XA o
PHGE S 2 AR, IR TR E
17.5 °C, B )2 MR BE 248 20 m™ (CFE 5 T2 LN
14 M B A7 1 AR AR ) TEEIRZ DT Y
AT U R B R B3 I A PR )2 A
BT SEN T e AR 500 m, &I
HAEN0.15 m, SMEHME N 0.114 3 m, SME BEJE
0.006 88 m, /ME FHAR LN 14.48 W/(m-K) , NEFH
4 0.042 m, WA BEJEE A 0.01 m, N FHREEN
0.02 W/(m-K) , IR BHE 4 2 190 kg/m”, [FIEAF
B R 1 735.16 1/ (kg K) , BB AR SR B
0.73 W/(m-K) , 76 5 L 14 % B2 Ry 998 ke/m®, 11 ¥ ¥
TR HCAE R 4190 J/(kg-K) , TE R AR SR B

—1

1
1

KA

3K & oK EE

B k)2 M A A RGBS A
Fig. 1 Diagram of medium—shallow borehole heat exchanger

system model

0.6 W/(m-K) , JEFAAZN SRR 9.31x107 kg/(m-s),
Hi VLR BE R 31.5 “Clkm, 5 H AR 1120 kg/m?,
AR 1780 J/(kg-K) A IR SR BN
24 W/(m-K)s

Sy ik G v 2 2 A AR S AT AR A A
SPIEATRAL T B0 T BRI R 52 2 100 mx
100 mx555 mo % R BUA TR B, 75 245 PRk
PRI A% K NFII R . R, 64T T —
FR A Y i) R L D) 2B R () 2B K TG M A 5
RO E5 S DL 2 25 ], Al ) R0 2 B R 1922 £k
XoF HH R AT — 2 A S, 3K ) T 85 3 4 B
ANHERRIIAE R . PR, Sl o] RS 5 ¥ 8 m, B L
PO 25 BE 1AL B R 50 mo B[] 25 A AR Al X AR 45
SEMA AN, PR FE AR Bl i el i ] 2B K R
1 h, M5 BEIZ AT RZ 2] 24 b

1.2 IGFHEE

OpenGeoSys T fiff FH %) b 45 Ha ph AR 7R 2 28
T 22 A7 2 3 S Ao e R A TR R AR A TR R S N
PEHEAT T G UE 2, fdH BEIER $2 Hh 10 1 145 4
AFATT R AR E A7 0 GIE A A 2 T M f
FIE A A1 47 b, 20 o v 352 )23 38 A6 8 A A8 1 40 PAURE 1
M 3 0] LIFE i, OpenGeoSys 115 AYIG i A4 17 H
H i 5 BEIER fif A fig 45 80 A 1158 25 R W) 5 B hf -
FERLIUAT I, 250 i R B BIAR S, 2 MR A 1R
JEE PR X 5% 2 R B R KA 1.5 %, 25 2 AL 2 ] 7Y
FRXS 15 22 B /N o SRS SRR A Ry ik 2
Hby J A RS ELAT R 68 R E R, T T
PEREWFST

2 4k
21 AHATEE

G AN P 8T DL R DA v 2 2 b SR A 4 A
for B BT R AT R4 ST 2 [ (4 22 S K SF , HE S
.
Qam — Qacs

I= x 100 % (1)
max (QMH’ QACS)

2 10 T2 A BB 19 BT AN TR %05
Q i 1 H R 3 A R A R R 1Y 4 AR A £
1, T3 Q0 M R M HLAE e i A R R I e

=

w,),




2022 4%

y e M= - 3% -
12k Hel SRR A R 2 A RS T fr AN A R AR 2 R TS R 5 889
—e— i [ P
39.901 13.0 39.901r 13.0 39901 q3.0
3985 39.85F 39.851
42.5 42.5 —42.5
39.80 39.80F 39.80
42.0 2.0 42.0
_39.75F 3975} _39.75F
2 = z 2 £
g < = E m =
% 39.70 1.5 % 39.70F 1.5= % 39.70F 1.5 =
) 7 O T o =
H H H
39.65 39.65F 39.65F
1.0 1.0 41.0
39.60 | 39.60F 39.60F
40.5 40.5 —40.5
39.55F 39.55F 39.55F
3950 1 1 1 1 1 () 3950 1 1 1 1 0 3950 1 1 1 1 1 0
6 7 8 9 10 10 25 50 100 1 3 6 12 24
Al i 9 A 5 5 (m) T B B 2% (m) I 17 25 K (h)

a Kl 1) 9 A% B R 5 HE I AGR IR IR OR &R

b EL R AR % LS KR . A OE R

cBI K 5 H OKHR . B R OE R

B2 OpenGeoSys 7EANR] R A% 25 B RN TR] 25 (9 Y 1RGP s i [1]

Fig. 2 Outlet temperature and simulation time of OpenGeoSys under different grid densities and time steps

55 o BEIERf# A7 i 12 117K 18
BEIERfF #7 fif i H 7K I

501 — OpenGeoSysit 17K i 17
=== OpenGeoSysi 17K i >
A ] N
B — itz 6 £
Hd
a3 oK
< &
i =
s o5
%
jm
H

15 L L L L L 0

0 20 40 60 80 100 120

5 1) (d)

3 BEIER f##7f# Al OpenGeoSys ¥4 ZE ) vk )2 b 1145
H ARSI 1 IRLEE X L

Fig. 3 Comparison of inlet and outlet temperatures between

medium—shallow borehole heat exchanger model constructed

by BEIER’s analytical solution and OpenGeoSys

2.2 EBENE

B4 25 T 3 FiOAS [ Bt v 342 2 1 300 A8 4 A 11
Hef oy B T AR T4 500 i 1.4 9 AR e dhig
YA, FH AR PR B (B 5 R 4 m, 45 A TR AR o L TR
PR G TR ARMIE : GB 50366—2009) H b 1 45
e AAZR R FE LY R 3~ 6 m (2R, e 43

S B T v 145 BT v 145 RS TT v 2 54 i
AT

AR 1 8 s o o R R R G T R AR L
GB 50366—2009)""', i H7 4 5 P A 7 B 2 14 e g
R AR T 33 °C, HLAS & B V7] A b A e B i
TEALIE ZR B AT, AR R LN & T4 °Co T i
JE PR A R AR A TR FORLEE A B, Q
T Q s FOTEL B B A 7 S8 VTR o PRk, ol i A
S 7 A v = S SRS 0 R AR 19 4 HE R 7 AT, SR
Ja AT Z2 HUBAE R, AT R E] Q ,, F Qo FI R KR A
AEST o ARAEAZIE R R] RITHER S rp A 2 M R A e A
JIr BE R 32 B B R B fap AN

N T HRENE 4 AL RL T B 7R SRR i 2 AR
B R QM Qs IV, BEHE T 3 Fh AR A9 T80
(D, ETH TR 2T, ik 2 3 A e A4
PALPE A ], TZE 00 1A T 3R A iR
JE IR A A RV T far AR ]

3 ISR N b I 7 N T BT N 6 = B K
g DK 15 a AR B ATRUE T
Hh 2 M A S A 1) R EARE T 68, P R M
IR I T DK B A R T R it Sk
Hh 2 L LA g R A 9 P i B R R T



890 SRR 2, A R SR A R A S T AN ROR B RE

2022 4%

AR 124 e

1 HEREMIBEHRAFIRAEIRN
Table 1 Different scenarios of medium-shallow
borehole heat exchanger

PR 7 17 i ¥ 75 1 A
a2 BREA A BT RRERGAT BR
(W) (kW) (W) (kW)
TH 68 34.0 30 15.0
T2 68 34.0 31 15.5
T3 69 34.5 30 15.0

e, SRR IR BT, A0 1.2 3 A AR
KR 9 4.12,4.17,3.80 °C, T 1 AT 2
ARG, T B 2 00 A (38 A R T R R B AR
PRI, 000 2 e e 22 A48 R 88 1 S I o 1 7
B T80 1R T80 3 A, ZEM R ffes -, 34 f0
o B4 156 T 2 A AT v v 2 I AR 96 A2 1 S5 I
B,

25 b aA v 2 M M 4 AR 1 AR B A S
g 68 Wim, Bl @, A KT 5.29x10" J. &% T80
12013, rf 2 2% i 33 A5 0 RS 1) o e 1 1 KL 4331

432.72,33.01,32.70 °C, Horh T80 2 vh b B s 1 11 9
FEARFFABER ik 2 M A e A 1 e s 0 R
JEE B V4 A7 g O3 T B, PR, SR T A2 33 °CHY
Vo (SR, A 2 i 3 A A R A B R ) A A S
KT 30 W/m, X FEWR A %2 MR A e 2R 1 0
% 7233107 Jo FEARTF QF1 QB RS, AT
DL AR P i 2 A e BB 15 a KRR
IBFTEAE N BRI AT %R 56 %

XoF FH 4 AR T O AR Hh A J2E b 3 A 8 P 2 i ) A
BN ABTR TS T 6 FASRI A T, Bfh THL T,
H R 2 b A A 1 194 ST 39 i HE K ¥ A A R A A AT
3R T e B v 2 b LA AR B B KR 17
ff FHA G 467 119 100 % .90 % .80 % .70 % .60 % .50 %,
SRIG XTI 6 b TOLHEAT T 15 a AR IR, $R 20306
H R 2 A AR T T KT B T oE
THAAL L sl TR0 7 5 vy 2 b A B B (1 170 AN ST Al
KRG I 6. ME 6 AT LIE H, Tk 5 AR
TRL{SE EE A 1 v 9% 2 M 0 AR 1) A AN T R
15 a K Wiz 7 B rh SEAR A A8 Ak, Loy 11

8 8
4 4
E E 9
IS 1 N
4 4
8 4 0 4 3 8 4
x (m)
a 5l |

b AR 11

8
4 1 2 3
[ )
2 E
E
o = 4 5 6
4 4
) 7 8 9
0 4 8 8 -4 0 4 8
x (m) x (m)
e BRI

B4 3ROANRIECER T k)= A A R R R

Fig.4 Diagram of three different numbers of medium—-shallow borehole heat exchanger array models

40r 34r St
b ==Ll -T2 —TH3 —_—TH == TH2 —T W3 — LuLl
33 == T2
= 30r —~ —~ — L3
g g £
= = o2
< 20F 233 o 24
o ) V4 o
= S V4 =
10
/
4
1 1 1 1 1 1 1 1 1 1 1 1 1 ICI 32 / 3 1 1
0 1234567809101112131415 0.50 1.00 14.00 14.25 14.50
i 1] () B 8] (a) i 18] (a)

b. f E Y H KR

c. e A% H 17K

K5 3T TOL T s = A s th FKIR A B

Fig. 5 Comparison of outlet temperature of medium—shallow borehole heat exchanger under three different scenarios.



20224F
CAAVESEHY Gl

SRR 2, A R A R A S AT AN ROR B RE

AT 891

(14 4 R T 38 )23 MR A 0 PR A 67 SR XTI, R,
R E A AR AL T R 1 S SRR T p 15
() AT AN A — B, AR I 1511
AT ANV R B R Y, BR24HE 60 Yo Zi AT BT I rh
25 ) 7 A AN A R AR 53.5 % e A7 AL p 5 5
F14) B0 Aif AP SR U= B AR L 7E 45 % e 28 Ak, X
ARLELL 7 T4 B S A AR AT T rh 145 1
BT AN A R TR A T e B e J2 A o A
AT AN 32 X U0V T ey A MERR S AR v
2 1 3RS PR 1) i R B A AN P A R TR, A SR
B AT LR AT DL 2ok DA A R O B R
J2 M S A R R S A R R B A T BE B AR
2.3 EEHAAKX

R TS AE REHEAR O 20 R 2 M A e AR
Bl AN T-AT R A FE M, LA R AR 1T ok SErfikg 1

751

- BRI RS - B ] s
70 L R M 2 —A— A T 15
AR5
65
=
;4_ 60 K+ M+ e+ I = =X e - P He + K P K N+ s K
§ SslH—H-'l-—l'—-l—l-—'.—--l——l—*—'l—l—-'l
i<
EOSOF
o
45
40
35 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
i [a] (a)
6 ANFEE T MR B Rk 2 AR
B ff AN 232

Fig. 6 Load imbalance ratio of medium—shallow borehole heat

exchangers in typical location under different numbers

FHE IETTIE DL R SRR A A5 3 Bl R HE A T 2 T
AA B 7. 3RS RIHEA D7 SR LR AR AR R
2 Ml PR A A TE] BE R B 4 m

P 8 /s (2 13k 3 A [ HE A 5 3 U SR
PR R A R A R A T rh 1S R
25 BRI 1 BRI A 15 BRI 2
5 U AN B AR BN E] A2 Al . R LA BT ik 5 AR
SR A7 AR ) P R s HAE e AR Y B ) AN R
TE 15 a (RIS B A BA LA . i E i
AT HAR AR T 15 B S AP AR e 1Y
IR HERSIE 58 Yo i Ay, LTS 1w 25 i 17 fip AN
M AR ARET, O 53 /oA, 1X 5 A IR I i v HE AR 2
e A P e 2 b LA H AR 1) BT AN B R A S5 18 A
WG o BRI AR 15 1 ) AN P 5 57 % e AT,
AL I A 25 (4 G fap NP R 0 54.5 % /e, X it
A FAAR A Y T v 2 5 BRI ¥ HE AR IR B O 2 o
3PN HEAT T 7 2 b S A AR 1 i K B A R
P RATF 53 % ~ 58 Y%, Ho P ASAEHEAT T 4 AR 4 A
i ER SV 25 B R B AN T8 5 B g, PRI, S B o
R ORI R HEAT 1A T A

& AN S T2 AT 1K ) 52 L B0 v = M 2
RS, IS BEIER S A i 80 A7 903k , 36 B
Jir s F i s HAE e B BE RS A A7 15 10 3 2 4F 2Rt
Tr AN B 15 B0 K E AT T AR SR A
Tt AT PERGR A HBIX . B BEST T AR L
LA REHEA 7 200 vh 2 A A R s A B
AP . EEPFTELEUT -

1) Jr i v = ot LA e A B 455 8 5 BEIER fifp

8 8 8
4 4 4
E ol o o o o E o E o 7
Z 1 2 % % - -
) [ ] [ ]
4 3 4
4 4 -4
8 4 0 4 8 8 4 0 4 8 8 -4 0 4 8
x (m) x (m) x (m)
a. SUHEHEA b. J5 BAHEA e Sk HEA

Bl7 3B 7 20 ik 2 M A A BB R R R

Fig. 7 Diagram of three different arrangement geometry of medium—shallow borehole heat exchanger array models



2022 4F

892 TR, A5 R M IR AR AR A ST AR SR BE ) S S H12% el
64 1 LI 2R, 2021, 42(1): 14-22.
e BRI ke B ] L. T~ 2021 o ‘
62 F MR 1S —A— g ] i WANG Fenghao, CAT Wanlong, WANG Ming, et al. Status and
BRI 2 outlook for research on geothermal heating technologylJ].
60
= Journal of Refrigeration, 2021, 42(1): 14-22.
g Sy (6 e ERLHUR I AE s . o AL 42 e (2018)[R). JLsit:
€ 1 e htt, 2018.
B [ ZEE EEE SEET TRy A S Sy
K China  Geological ~ Survey. China  geothermal energy
E 54‘:—-‘\. — A development report (2018) [R]. Beijing: China Petrochemical
52 + Press, 2018.
so - [71 YANG W B, CHEN Y P, SHI M H, et al. Numerical
investigation on the underground thermal imbalance of ground-
48 1 2| ; 4;. ; é |7 é ; lIO 1I1 1I2 1|3 ll4 1I5 coupled heat pump operated in cooling—dominated district[J].
i 18] (a) Applied Thermal Engineering, 2013, 58: 626-637.
- o i~ . (8] IAN H, WANG Y G. Modeling the interactions between the
8 AT T I A N i ,
U performance of ground source heat pumps and soil temperature
UGS B B - . .
. . . . variations[J]. Energy for Sustainable Development, 2014, 23:
Fig. 8 Load imbalance ratio of medium—shallow borehole 15-121
heat exchangers in typical location under different arrangement (9] HOU G Y. HESSAM T, SONG Y. et al. A systematic review on
optimal analysis of horizontal heat exchangers in ground source
e N N " N heat pump systems[J]. Renewable and Sustainable Energy
M B B TSRS SR W B, 2 RS Y 11 LR :
Reviews, 2022, 154: 111830.
NTEYU RN = s
AR R 22 5 K0 1.5 % , F A A 14 v v )2 ML 45 [10] HU Z C, GENG S W, HUANG Y F, et al. Heat storage
e ggd‘ﬁﬂﬁﬁ E’ﬁ]g E’{Nﬁﬁﬁ M s ﬂ‘}zﬁﬂ:ﬁ/ﬁﬁ‘l‘éﬁﬁﬁﬂ% o characteristics and application analysis of heat source tower in
2) ﬁﬁ*ﬁiﬁ%ﬂ%ﬁ@ﬁ%jﬁﬁﬁ?ﬁ?@i%ﬁﬂ 56 %, ifij soil thermal balance of ground source heat pumplJ]. Energy and
R P R " - “ ; Buildings, 2021, 235: 110752.
L N NS ; ; 5
(AR 2 BTG A BRI RR DAY (1) pENis 6, RUCHT €, KENICHI S. Risk based lfetime costs
@T%ﬁ:}’%u% 60 % .45 % ,iﬁ%%rﬂiiﬁ?} H@ngﬁg‘{é\ assessment of a ground source heat pump (GSHP) system
lﬁ;%ﬂf%%%l{%{f& Fljlj)é)%i{ﬂifﬁ%ﬁﬂ%%lﬁ‘]%j(ﬁ i design: Methodology and case study[J]. Building and
e Environment, 2013, 60: 66-80.
SV i 327 NN JJ: = v ‘TJ‘D Eux%‘ﬂ_ ) B
2} , Sk PRIE S
:F@]‘Kﬁﬁﬁ jj ’ . I: T%ﬁi /fTL* r’_IT IS [12] LUO J, JOACHIM R, MANFRED B, et al. Heating and cooling
S (R0 INALE TR T P A = 1t B ] o
ﬁ{?%ﬁﬁ B HEP'L‘\{—\LEE/JEPAZEE{}‘@ B *ﬁ%m%‘%;ﬁﬁ performance analysis of a ground source heat pump system in
ﬁ%ﬁ?gﬁiﬁ?ﬁ”@ﬁﬁ E/\J I;%fEE . Southern Germany[J]. Geothermics, 2015, 53: 57-66.
3) ﬁF‘YfEﬂﬂﬂ%%‘ﬁE@ﬁF?ﬁﬁﬁﬁlﬁlﬁﬂb ) flﬁ%ﬂ [13] CHEN F, MAO J F, ZHU G D, et al. Numerical assessment on
SN . PN the thermal imbalance of multiple ground heat exchangers
S 7 2% B o/ o,
%gﬁ’jﬂij(J\ﬁZ::F@]’K%ﬁﬁhjj I 153 % ~ 58 % ’ connected in parallel[J]. Geothermics, 2021, 96: 102191.
Forh S RAT T AR AR AP i R A AN PR Bz (141 MASSIMO €. PARHAM E N. A simulation model for solar
=] A, TESEBR I H qj@i)z%}zﬁfé%ﬁifjﬁiﬂ:ﬁ?ﬁﬁ assisted shallow ground heat exchangers in series arrangement
. e v e [J]. Energy and Buildings, 2017, 157: 227-246.
PASR 5 R GTB I TR0%. ) .
[15] YOU T, WANG B L, WU W, et al. A new solution for
% % X m underground thermal imbalance of ground-coupled heat pump
(11 VERMA P, KUMARI T, RAGHUBANSHI A S. Energy systems in cold regions: Heat compensation unit with
emissions, consumption and impact of urban households: A thermosyphon[J]. Applied Thermal Engineering, 2014, 64 (1):
review[J]. Renewable and Sustainable Energy Reviews, 2021, 283-292.
147: 111210. [16] ZHAI X Q, CHENG X W, WANG R Z. Heating and cooling
[2]  ZHANGSC,FUY J, YANG X Y, et al. Assessment of mid—to— performance of a mini-type ground source heat pump system|[J].
long term energy saving impacts of nearly zero energy building Applied Thermal Engineering, 2017, 111: 1366-1370.
incentive policies in cold region of China[J]. Energy and [17] CHEN S, FRANCESCO W, OLAF K, et al. Shifted thermal
Buildings, 2021, 241: 110938. extraction rates in large borehole heat exchanger array: A
[3] AUSTIN A, BEHNAZ R. Geothermal technology: Trends and numerical experiment[J]. Applied Thermal Engineering, 2020,
potential role in a sustainable future[J]. Applied Energy, 2019, 167: 114750.
248: 18-34. [18] PHILIPP H, OLAF K, UWE-JENS G, et al. A numerical study

[4]  JOHN W L, ANIKO N T. Direct utilization of geothermal energy
2020 worldwide review[J]. Geothermics, 2021, 90: 101915.
[51 s, gk, F44, 5% b IRR LI AR BIF5E IR 20 R 28

on the sustainability and efficiency of borehole heat exchanger
coupled ground source heat pump systems|J]. Applied Thermal
Engineering, 2016, 100: 421-433.



20224F
CAAVESEHY Gl

TR 2, 28 P SR AR R S0 AT AN AR B RE ) A IS

893

[19]

[20]

[21]

[22]

(23]

FRANCESCO W, ILJA T. TESPy: Thermal engineering systems
in python[J]. Open Source Software, 2020, 5: 2178.

BELL I H, WRONSKI J, QUOILIN S, et al. Pure and pseudo—
pure fluid thermophysical property evaluation and the open—
source thermophysical property library coolprop[J]. Industrial
and Engineering Chemistry Research, 2014, 53: 2498-2508.
CAI W L, WANG F H, CHEN S, et al. Analysis of heat
extraction performance and long—term sustainability for
multiple deep borehole heat exchanger array: A project=based
study[J]. Applied Energy, 2021, 289: 116590.

JELBH, FEARAT, 5K, 4% O rh 4 bl 3% %) 3 B H s s i)
P[] P EME, 2017, 44(5): 1017-1026.

ZHOU Yang, MU Genxu, ZHANG Hui, et al. Geothermal field
division and its geological influencing factors in Guanzhong
basin[J]. Geology in China, 2017, 44(5): 1017-1026.

CHEN S, CAI W L, FRANCESCO W, et al. Long—term thermal

[24]

[25]

[26]

imbalance in large borehole heat exchangers array: A numerical
study based on the Leicester project[J]. Energy and Buildings,
2021,231: 110518.

JAKOB R, CHEN S, KATRIN L, et al. Modeling neighborhood
scale shallow geothermal energy utilization: A case study in
Berlin[J]. Geotherm Energy, 2022, 10: 1-26.

RICHARD A B. Thermal response tests on deep borehole heat
exchangers with geothermal gradient[J]. Applied Thermal
Engineering, 2020, 178: 115447.

AR N RSN E A B . MR AR R G TR EOR I GB
50366—2009[S]. tat: H RS Tl H ik, 2009.

Ministry of Construction of the People’ s Republic of China.
Technical code for ground—source heat pump system: GB 50366
—2009[S]. Beijing, China Architecture and Building Press,
2009.

(% &)

(EEF849M)

[14]

[15]

[16]

[17]

[18]

[19]

JRIER SR 2 S M R A T 5 U T b A e S A R TR
HTE AR ST R K, 2020, 42(4): 106-107.

ZHOU Wu. A new breakthrough was made in the search for
deep karst geothermal water in the southeastern edge of the
Ordos block and the border zone of Fenwei Graben|J]. Ground
Water, 2020, 42(4): 106-107.

% A A R 3 R 5 AR R D). B AR e R
1997, 16(2): 43-50.

WANG Xing. Characteristics of geothermal field and
geothermal system in Weihe Basin[J]. Shaanxi Coal Technology,
1997, 16(2): 43-50.

ZEGI T X B K S B A A X AR SR SO A % e D). b
AU PR (E5T),2019.

LING Jian. The influence of hydrogeological condition on
coalbed methane development in the Hancheng ArealD].
Beijing: China University of Mining & Technology (Beijing),
2019.

Tl RV, B0, 22 TUF-, 45 sl — 15 T T s X 32 00 gl T 202
AR P HLRE, 1987, 15(3): 9-13.

YAN Fengzhong, HE Yong, AN Weiping, et al. Investigation of

major active faults in Hancheng—Houma Fault Depression Zone
[J]. Earthquake Research in Shanxi, 1987, 15(3): 9-13.

ARPEIBG . 5P o 3 AR X K S b RARRAE (9 5 v [T, 5
X BRI SHRE, 2010, 24(7): 62-67.

DAI Gelian. The effect of geology structure on hydrogeology
characteristics of Hancheng mining arealJ]. Journal of Arid
Land Resources and Environment, 2010, 24(7): 62-67.

S 2R AR IS T b S U R A I R S TS T TR D).
o B T 5T, 1989, 1(1): 30-34.

ZHOU Shaowu. The statistical analysis method of constant
temperature zone value and simple temperature measurement

and correction[J]. Coal Geology of China, 1989, 1(1): 30-34.

[20]

[21]

[22]

[23]

[24]

ZEURER, BRI, Wi, A5 B R R RS R —— T
A AOCEFINRE AR D] A R, 2021, 48(3): 939-947.

LI Jichen, CHEN Mingzhu, TANG Qiang, et al. Study on
shallow geothermal field in Nanjing: Based on distributed
optical fiber temperature measurement system[J]. Geology in
China, 2021, 48(3): 939-947.

RERAT AL 3B FARE & ML AR HE AL PR 2 51, B FARE A TR 55 2 30
5 ARIE R SE S NB/T 10097—2018[S]. 46 5% 6 F AE W,
2018.

Energy industry geothermal energy standardization technical
committee, Terminology of geothermal energy, the 2" part
Terminology & Definition: NB/T 10097—2018[S]. Beijing:
National energy administration, 2018.

RS, 2, FISCTh, 45 OCHh G b AR T IR A AL ST
BRNISCHEHARIMI. AU 5 #UTH RAE, 2016.

MU Genxu, LI Feng, YAN Wenzhong, et al. Occurrence law
and key technologies of development and utilization of
geothermal resources for in Guanzhong Basin[M]. Beijing:
Geology Press, 2016.

FAER, i, F, & B AR ES AR POK A R
BT R AR BPTHLR, 2015, 33(2): 84-89.

WANG Jiawu, LUO Anyun, TANG Li, et al. Exploitation and
distribution of carst thermal water in the east of north Weihe
River in Shaanxi Province[J]. Geology of Shaanxi, 2015, 33(2):
84-89.

AT, UM, FI, S P i A T R
KA R AL AT R AENUS, 2004: 34,

MA Hantian, WANG Ying, et al.

groundwater investigation report in Hejin—Hancheng region of

LI Jianning, Karst
Shanxi Province and Shaanxi Province[R]. Beijing: National
Energy Adminiatrati, 2004: 34.

(tm#t 3F3F)



