H 42K % 6l
2024 % 6 A

I RERETR

Renewable Energy Resources

Vol.42 No.6
Jun. 2024

EAMPREEEAMEBEEHR-ARARS
RE 3 1= 7T 1Y % M

A, AARE, K

M WAk, sk

(LRI Tok R @52Epe, FEHIk & NmIER: SEAR TG BALRR E S 000 %, BIRIL PRIREE
150090; 2. 4511 BB LS TR AR L, Z8 B 230601)

 E: P REEE A AR GRS T e T s B HERR R GHEIARE ) T SR IR, SR
SE T HRIRZEE R B L BB | 3T BR 25 40 e il R TR, SR SE S0 5 56 T AR AR
BIUERYE L 3 BB IE T AR TR L B At PR T 2 R YR AR 2 ZE b LA BT 356 R G RERE T R B AR 2
W), AIFFE 4% S I Al B i 17 0 S A A TR 1) B, 0 11 /KRG T B (EDHF TGk S B I i B P98 T
HE PR BRI 50 °C, 3847 500 h J& , 40E H /KB 50 “CHENE] 80 “CR, BUAI R R G RERE  FERL R
5 54.41 kW,8.96 kW ,0.17 ; 24AEHUK B i A 1 kefs $2 & 5 7 ke/s B, ORI R R G RERE BERL B &
7.71%,6.34% ,1.19% ., PRIt S SCR FH /NG ek i K R EA TR AR, RBAS B s i URSCRIT I D BB RE . 1205 R 2

Mo PRI R GRS BEERIE SR

KR PREHA EAMEPRE RS, BFEMHN REVERE; AEE

FE S ES . TKS52

0 51§

VAR SR BT 1 T A A, iR 2
AT 5 0 2 R e e, Hoz 47 D B A B
Ry N IS ) £ A, e b A %) BRCRARR
I WE RGMITERE , I &2 60, Mk
BT, b A M 11 7K B 2R 49l P A B ) 228 K 1
I, RGE1T 5 a Ji7 , 24 LHUGAE I 6.27%2,i2
T10a)m, REMNFETHERRRET I 14.10%,
FLUFSE b3 A5 K 52 17 I B Bk BB 19 T 1% 5 )]
PR R BE R AT G, X2 i TR R Gl
FRAERR AR, #o R 55 - BUAMER, S EUh IR
J2 LRI ZR G BB T U, R 2R 4]
FFh, I, RICEEE R B X - S A i,
B AT RR R, AT DA e s A R Y
Ukse )1, s R e M

HAT, & T HR)Z R R A e 207
JETARZAIE . J7 5205 T3 S A A 1 it A4
TR BCAR A IRl Sl P P R )2 i MR A B R 3
TG, Fu HAPEE ST T iR )2 &8 X
BRI ARSI R A R, K
WAt A R T S AR IR 7 PR TR S AT R

KB HE: 2023-04-18,

XHEPRERS: A XEHES: 1671-5292(2024)06-0732-08

LT REMXR, IR IEA R EIERE 4~6
ke/s, Li CTXFEGAMHT T K PHAEHE BT 2 M3 45 4
IERTEAR S . BT A A B 5 AT R
Al IESEAARIBGA T O, A A HAEE T S g
KRB, Hile F B AR R AR &
JZ VA EFFE R, G KRS R EROK Y o
Tt S M P R 2 H PR A PR 1) R S 8
1B AR RIS A SRS BB R £ J3E 40 A
AT H R ) | TS = X R Ge kR AR PR, HL
KAG 7RIS AT T R RER L K REFEN R
TR,

Rt AT HE UK T, 563K 1R
HE G X G BT 0 RGRERL
CSP FIRGLREFE W BYsE I, ZrHr ARG ORI |
W N RGPERE, BRI RGBS T RE
FIFRTIRCR, b2 s A s PR R 50 K3
g B TR IR S,

1 s
1.1 PR

A1 REES A A R F B

IR, PR TR AT 78 e i i 3] 46

ELE.: @5 LHAE TR AN h.OFFBOR YT B (AHJZNX-2021-11)
BIEES . WHR(1977-), Lo, YRl DP9 7 A M GRS IR, E-mail:ys_miao@126.com

- 732 -



BEE.E MASPREETHIET A RARLRIT G0

PIRHLA KPHAESE PR
SRR 1 K EFR KR
|
! W & Tjwm‘t
KA HUbHE sty i
— s s
I A 18] (eI ES A T
f ——
BOROSL b
1 RREEENMEERARERE
Fig.1 Heat storage principal diagram of MDCBHE
P ESTES BRI 251 SMRERCHD HE AP, i ool T )
To

RO R AE AR ) B A
ARG ZE KA e A PE . EEHLZE A )
P PR E S5 BER TN, R H R it
SMB BT SIES, KBHABAE RS T i =Rk T Y
B HE A R, SR 5 AME ] L8, EiX A~
IR TP HOK ] Bl B, IR A
T XA S RO B,
1.2 BEARE KRR

HIRES L EAARENE, I HEE b
TS 5 LR R 2, EEW RN
HMNETRAARTE A BEVR Rl ) S AMERIRTE
HIMERETT Rl ) X 4 A AR R AR ) R A
DR b , 76 S ST AR AR S 2 s,

OZ W T XA, A P G R E
ali G AR

QUL T A IZ53R 4 |2 Kb )70,

R 1 A AL A A (AR R 73 A AN 2 OGS i
GRS M0

@FARLERN AR B, 20 S 3004

SR A (A,
1.3 I=Hlotz

P s A S | AR )

1 aT gg)mﬂ

@ or = o \Tar |t ez (1)

AP e E LR HER  m¥s; T a LiRE, Cr
REHEIZEA 557,z 200 AR ) Sl B m,

MR AR A BOE BT AR o, AT AR AR AR
i, AT1S

o MRLAEAR , m,
Braets (D) TS

1 9T 1 9T* 9T

o or 7 a0t Vo 3)

AR B, AMRERE A T B e FE nl 2R

H
oy _Tie T .= T WL TR
K. C R K EAMNE A & K/ (m-K) ;C=
mC; HEH AT 2 kI (s-K) ;€ 7K 1 b A
2 ,C=4 174 J/(kg-K) ;m 4 BUE R kg/s; Ry M
HME SR FLEE 2 8] (AL HAABH , m? - K/W 3 R, S N
HNE REIIRBE  m2- KIW 3 Ty, Tp 53 B M AMNE 5 N
AR | °C, T, NAS THRETREE , °C.
K= RN A=W )
e
Ao G R JE N E SR K (m-K) .
A AME NIRRT RN

o

G,

0Ty ToTa Tu-Ty . .oT,
Ci ot = Ry R, +C 0z (6)
WA TR RE B TR
8TQ _ TQ_Tfl aTQ
C2 or - RIZ € 0z (7)
Hrp,
> 2, 2 2, 2 2,
Cl:% (dli_d2o )pc+% (dlo -d; ’)pzcz+2; (db -d,, ,)pgcg

(8)

- 733 -



T RERETR

2 2 2
sz%d2ipc+%(dzn_dzi )plcl 9)
1 (dy |1 d,
Rl_ Trdlihl +27Tk1 ln( d]i )+27Tkg ln(\ d],_, ) <10)
_ 1 1 (o, 1
Rlz_ 7Td2ih2 +27Tk2 11’1( dZi )+7Td2»h1 <11)

R dyi, dy, dn, do, TTHRIRINENE SMESME N
BN NEIME  myn, d, 9 EEFLEAR H
&, mse e, 00,0, M RINTMAR SME N | BIEM
B LL RS kI (kg - K) 5p,01,p2,p, 5350 R 1T
SMEE R NGB IR AR B ke/m® sk,
ko 53900 R RHE R SME  NE SRR,
W/ (mK) 3 hy A1 hy 5351 A 5 MERE I PN A7 RE )6 I
PR A E, W/ (m?-K)
1.4 W45 R b 44

MR B), 12 1] 1 A5 Ry S — 2 B 2518
IR, M Fx B 5 =N AR, T <
W& T, 5 R R B b, IRFEAE

AT =h (T-T) (12)

HH A R S IEE, W/ (m-K) ; T i
FIRE,C,
R m B 2 WEA R R IR R N

T=To+ 2 % (Hj_Hj—l ) +?c(lL (z=H,.) (13)
i1 §j sm

K Hy Hi Ho 58 50R 5 -1, m=1 )2 M2 K
HRIREE , m;q, N RHINGE , Wim?; k., k., 535 R 5
m )2 5 j R A L RAEIREE, W (2 K) ,

AN TS A AR A AR AR

TI'IZTIZ_%’ZZO (14)

Ty=Tp,z=H (15)
K. Q HEERIN R kW H IR m,
1.5 ALfezi ik
it ORI 5 It 0 2R SR A BBCRA Y SE e G 4
TS RGETERE SREFER AL, H R SHE
R CSP VAL RGivERe; T RGUREFE W M 19 fE
ROR
AT 28 o e i 3 A S AR AR A BE T, b
EHAARBIAINZE Q Hy
Q:C( Tfnut—Tﬁn> ( 16 )
T2 Thin, Trow 2000 0 HE R4S 0 IR 2F | 1 11K
i, C,

- 734 -

2024,42(6)

Rt 2 A AR R TR R
Qbuilding ) E%@ﬂiﬁﬂ‘]

Cop
Qhuilr]ingz COP-1 Q ( 17)

A, COP MAENAMEREREL, HIR)Z Ml A
ARG COP X 5 My HE A5 He 0 2% 1 /K iR AH
3‘é[16,mO

COP=a+b T}, (18)
K a,b HHIEAIERE BT F I, B a=
3.925,5=0.083"5:1

RS REFE B RN e i SRR AR
FEHL AL B

W=W it W e (19)

AW AIFEFEH & KW W N ERIEAEER
FFEHL kW,

_ Qbuﬂding
Wa="Cop (20)
p 2 \
Wm;& H PO, 1 (21)

M 1'd 247 [0.790In(Re)-1.64 |2

K Q NTER T ARFUR &, m¥s;n HIEI R
BOR, BLT0%;d KT EAR  msA SRy i W i
L m*; Re S FETHEL

ud

ReZT (22)

o u M, mis ;0 ATARE SRR, mY s,
RYGRER CSP N
cspzﬁ%ﬁmL (23)

2 REBECKRERRIIE
2.1 HAEAER 64 KR

FEFA PR s il Rt A T B, AR
WA B P50 SR s il 5 R A &l 2 i

. . . o e e L r
Tll.] ’IVH,I ?H T»—Z,l T,,|_| 7’».| 1l+|,] IHZ,] 1’».1
Ther I Tien A, 4 7t

BT 8 B TR, e,

\,
Al T e
L

-

y

2 BEEHANTEER
Fig.2 Schematic diagram of model discrete grid
Sl e SR AP R 3, ROAS [T BE D Az, A28 1)
KR AN 53, FEORUETTSNE BE R4 T 4



BEE.E MASPREETHIET A RARLRIT G0

BRI, AHSRRA% b O BB FLBE A BE B 2 45 1L
B, 25 LGB B=1.2, AR TGRS 2 SR 1E L
CHRI21-23],
SR RE P BT HIBEA S BN 1 B,
®1 REEXSHENRE

Table 1 Setting of system basic parameters

LUBEE S H1E
HAFLRE Him 2000
JHLEE dy/m 0.28
FAIVREE H,./m 2200
HME AR dyi/im 0.177 04
HMESME dio/m 0.193 7
ANEFINEEL kW (m-K)™! 41
IMERERHA pie /] (m-K ) 3.8x10°
WE M dy/m 0.1022
WAFHME doy/m 0.125
NEFIEE LW+ (m-K)™! 0.4
WA E A LA poco/T - (m-K ) 2.2x10°
KB BRI v/m?es 8.05x107
HFIEE 1,/°C 10
HhJE XA R E R, /W - (m2-K) 15
M BHE A L pe /] (m™ K 2.5x10°
KIIATR ¢,/ W -m™? 7.5x107
HIRFE ¢,/°C- (102m™) 3

2.2 FAEBER 6 BEE

DABE 7R YT 5 S 0 560 TF 1 TAASE A 7 o 1t
P o A BAAFE PG 28 T F A s e o H e A 55
TOSEHELEEAT 1100 h MR SZigE | E kK,
K 650 h J5 Bis 1745 R SRR DL E T X EE
EI IR, PR FARGR R AL K B
PR 0 A B T SEBR T OAF TR T B B X 4
PAEH , A A ER R RIS B AL, Rt
FI7K IR R R s T e R R2E R 6.05%,
/NT10% , IR GRS I 2 TR SE ok, AR
RUBE S BEAE SCHk[21 231 F A TR | b
R Su
3 ZREITE

0 AR BOA Y TS RGE0IRIE 1T
T, S BT RE R RGBS AR SR 2R —4F
BAT O Y1 2o a1 AR S B Beise
TREEFAFHRE , RGNS M HOK IR R 45 €22
b2 80 °C, it B bR 1~7 kefs,,
3.1 AEHGKIRAT R G A6 ol

WFFEAE RO IR X RGE B REMART, fE AT

)i B 8 A H S, Ui i ik B oy SE{E

25.5 m¥h, HABSHOR B W3 1,

311 FEHAOKIEXT bR PR BRI 2R () 5 )
Bl 3 AEHOKIR T, X b A e A BUA T

R,

600F o
550 _ 235

500
Z 450f
Efgmo- X
E3sofy

300f \;

asof

Aok AR

200, ) )
0 500 1000

15‘00 20‘00 2500 3000
fiffil/h
B3 SRRk R S A S AT E R
Fig.3 Effect of T, on heat extraction rate of BHE during
the heating period

M 3 AT UL A ZRBEHE KR A T
B, LA 50 CHEIVE IEH 21T 2 904 h, BUAIR
iKF) 216.16 kW, W& T55—4F KT (214.80
kW), IE iR KGR Ty 2 50 C, 4 Th, 2 45
CHY, BUAT 5 T 1 F AR EZ KT (HAB K
T — ARG T 00, BEEHE ORI T 70,
o TG, A IR — A BRI (i
EHATR A PEARE T TR, BEARI (0~500
h), Ty, XTI 00  52, ELS R B B 1
KRR TR TR 50 CHREPE BT 2R A [
H 35.10% ,80 °Cfifi # J5 WA Ty 2 % i 3 =
44.75% ,3X S T 80 CRIR IRHVK 52 + 22 IalAY
25K, b g B R T W] B2 2R K g
USRI AAE T IR K, TR L S TR
FEPH TR A 5 TR ZEN, P HEAT R
AR BE R IR 351 (2 000~2 904 h) , 80 “Cfifs
AT AT R MR AUR 5.56% , LT, 5 45 T 5
[ 30 22 45 /N LRI TR AR AN, BRI A5 ik
W 325 S A B B SN

4 Mt e R A IR A

MEL 4 BT UL FEFE B AL FLEE 6.19 m HL T 200
m REEAL A EBEE IR R 16.25 C g5 TR
FEHETFZ 29.59 °C, W4 0E 82.09% ; i B4 FLEE 6.19
m H T 1500 m IREEAD, 7 R UGS IR B R 44.48
C, PG IR E T2 55.89 °C, MR K 25.65%,

- 735 -



T RERETR

2024,42(6)

5 10 15 20 25 30 35 40
1 B S /m

(a) B

5 10 15 20 25 30 35 40
1 B B8 /m

(b) S

B4 MTETRESR

Fig.4 Temperature distribution of subsurface rock—soil

TE M B P S VB B B LR, S TRE
PR R T 28 2 K PR R, it A R A
EAAFAERE T SEBAR SRR T 2 M F K
=
3.1.2  fEPUKIRXT RS REFERY R

K 5 S ROK IR RGTRERERINA,

100 5
95[

00 2600 2700 280 2900
W

RGEBEREAW
~
(=]

1500 2000 2500 3000
i E)/h

5 fEHOKIBX RGEREFER M
Fig.5 Effect of T, on energy consumption during

500 1000

the heating period

M1 5 Al SRR 500 h REEAEFE W 2
AR 7K BCRAIA BGlh 25 550, bR AE At
P, POEHL I FEHL BB Z , NI 45 CHUK,
R T A g, InE e PR
A, RGBT, 50 CREBVSRIW = T
FARBVR S IS B AT RERE , iIX 2y 50 “Chiti#k g
S P 2 A, R e el SR RS o, 7
PERERAERE . 2 T, 75 T 50 CCIN, RGTREFEREIE
KR T RTE N . S 50 T, 80 °C
fit A R GTHUART BCRERERE TN 16.74% , th T i
KA PR ZE R A IR BRCR S, R 58
Y HCAARE 15 B2 T, W 350, f 28 (21) FT T,

- 736 -

TEAIKFEFERL B W IREREAE ARG (23) AT,
R A AR R G RRRERG I, TR S R -1
M BCARE T 5 RGREFENC R, AR E
POKI
3.1.3  fEHUKIEXT R G RERKI R
Kl 6 Rt oK AT T RGERERL CSP HYREM
g:zg o« 5:‘ ——m ﬁ&—n,iswc
ol T

T,=45C
R AR

1500 2000 2500 3000
B[] /h

6 fiERIKIERT RGRERR M

Fig.6 Effect of T}, on coefficient of system performance

0 500 1000

during the heating period

ML 6 FTLAF HY, 50 CRER, BUAE RO
T AR, KA 50 CR G RIE
MR SCIE I RGRERL, LA 60 ChitifART,
RYIBITRS 500 /N, RERLH 6.48 52K 5.94,
/NF80 CHEAYFERL (6.81 FEZ 6.05), X &K N
it KR T, Ea TR R T
T, WA ) DK, B CSP 5, 817
%2500 h B, MAEHUKTEH 50 CHENE] 80 °C, &
St RERL MY K435 h 0.35% ,0.52% ,0.35% , 3
KRR, EHUKIR SR R G RN R
RPERE R, TR R ™ A% 45 1 i #AOK TR A I
F50 °C, 15 W) 25 Jin 2 R A HERR, R0 R SLIRAE



BEE.E MASPREETHIET A RARLRIT G0

E47.
3.2 R KREREN RAEMEN TR
HRSCT A, B RO R RS T 50 °C. L,
FERERUKIR S 60 °C, Hollb 280 5 R S — B & 14
R B A T 7 X RSB IR,
321 MEHUK T AT 3 A0
FEl 7 b R 7 A B A

IR A1
480 26 =T kel
) —¥—6=5kg/s
44004 —2— =3 kgs
—6— G=1kg/s
400 | —&—Y1
z
5 360
=
ﬁé 320 _ 214 2500 2600 2700 2800 2900
gé M

2801

1500 2000 2500 3000
5 5] /h

E7 fEHAKREREXHIEERARNATHEL I
Fig.7 Effect of G on the heat extraction rate of BHE during

0 500 1000

the heating period

H I 7 AT, BRI AA S 2 2 A
ZERER, MM A R IR AT AR T
TR A S S 25, ECHA ) 8 1Y ek it B i
ST R Y B TG K, BT 500 h, G M 1
kef/s #1552 5 ke/s, HUGAI)ZEREIRH 34.85%14 /0
%38.71%, RGN 2000 h ELEH  FEH S
ke/s 34 % 7 kg/s, HUIAT)ZRFEME 530 4.24%
4.33%, Aif PR R AL AR 4R o X BT R ) 5
M FRBEUSS X R AR R i Rk
BEL (5 4l 3=, Xhimids AGRABE o  ERAB DN T AR A X ik
AR B G E AT, (YRR R
(EUG  RTAIA PEH AR AR /N, X At iy 5%
M5 /IN, R AR ASOR AR AN i 2 AU A IR
FEGAEAA /NN, AR BE (1) A4S G 5 22 5]
AR RGAR/INL R NG, i R VR &
Xof iy A RO S A B ), AR i oK
PRI E] — B S, B 2 500 h 5 BT R
TR AR,

3.2.2 BRI T R G REFERY R

& 8 M HK T i X RS RERERYRZ I,

HE 8 nLLE L, REEE17E 500 h, LA 3~5
kg/s W BTGNS, R RERE 55.35 kW I &

85 S 4715 C=7 kg/S
& [ = —¥—G=5kg/s
—2— G=3 kg/s
—e— G=1kg/s
—=—Yl1

2600 2700 2800 2900
afflm

1500 2000 2500 3000
i H)/h

8 fEFVKREREN REREFELIN
Fig.8 Effect of G on energy consumption during

0 500 1000

the heating period

56.17 kW , 7E/INJi 12t 71 ] P9 At HAOK o o gt s 4
TS L Z R R, AR
R RIS Y DK IR REE T k
FH P AN, LA IO FE FE S 5 A UK o
Tt S kgfs BEINF] 7 ka/s, BEREZE AT (2 904 h)
AEFE H 46.44 kKW £ 3 £ 46.59 kW, 34 g N
0.32%, iXJ&HH TREHK BT i it 4 s 21—
FEJG AR B AR A A/ | M3 HGRE 7 7%
AN 2, RS S RBFE MR/ A PR o o i o
X ZRGEREFE 1) 52 e A5 2 AR ] | A P B4 A i ik
55, SEPOK TR SR, REAEFEE /N
it REKREFEE T T A F)
3.2.3  fEHOK TR I N RGBT RE

P& 9 Ml E K B R I R R S RERL A IR

A
6.50 == G=7 kgls
4 —5— =5 kgs
640 —&—G=3 kg/s

—o—G=1kg/s
—&—Yl1

1500 2000 2500 3000
Hif i) /h

9 fERUKREREI RGN
Fig.9 Effect of G on coefficient of system performance during

0 500 1000

the heating period
M 9 A, S RGLRERR T4R —4F A
WK FARE OS5 B VIR . R s LR E
TR R GEREAL, A 1 kg/s AR K 500 h, 5
<737 -



T RERETR

GRERE R 6.83%, FHASEHUK T B &2 &
GERER B E R AR . RIS TR TEZE &
GERERSCRE I RIS o HEARAE HRIN (2 904 h) |, 24
G 11 1 kg/s 3255 7 kg/s, CSP 11572 Bhn = 5.75,
AR T4 8 N HELAEI, A AR KT i
PGS 2 RGO R =, R RS
FRUGVRERL CSP #21 . i ik B 5 ke/s i, il
PR BB B T R G RE R TR AN &
X T L - A AL PR X it 4 i
PBH (5 HB N, TR AN R D S X A R AL
AN TR AU, RGBSR 2 5
AR, RGERERUEALE N P A B E /NIt T

MUF AT,
4 #ig

St IR R U A LA R G s 1T
PERE, ARSCH T T HBHRAS ) bR A A PO %
PR G R RE M, LA AOKIR S X R
GLUAEBUE DL R BRI TR . LSS
To

OSEIAERA BTEE SR AR = TG 5
W, HAMEROKIR & TG SRR A AR by
SEAETEHLT , MM AS AR AT R 5 B — 4RI
IIPRM AR T; B ARG T S
RAS H T 5 IR HERR I G A T A i
FIKIER 50 C,

QES m AL T E R KIS TTREFE
TEHLHIR ) 500 h, DL 50 CRE#, fiEFE N 53.51
kW, R H 80 CHE#k , MIFEHLRE 62.47 kW, RIE4E
W, SR 1 ke/s #EATHEIRG 7 ke/s AH U REFEDR
2 2.83%, /NILEAEIAERGAE T RER I HILT
K& T,

@ik I AKIRXT T REERER 2, =il
it 4 = R ERE . 7 RSB 1T IUTHT500 h
DAL, At A K 5 B X RE R ) 3 (HAE (T &
2904 h, LA 1~7 kg/s T A T, RERERUE AL
R 1%, BOEFER FH/ NG 1 i TR A 3 DL R
fikiz178E

S E Lk

[1] Ef, #nrek, T, 45 Wi 8 48 QU L A 4 2%
BAANERERT T[] B7% 52594, 2019,19(4) :23-28.

[2] Fu H,Fang L,Yu M,et alInfluence and economic

- 738 -

2024,42(6)

analysis of heat storage in the non-heating season on
the heat extraction capacity of mid—deep borehole heat
exchangers[J].Energy and Buildings,2023,278.:112619.

[3] Wang Z,Wang F,Liu J,et al.Energy analysis and
performance assessment of a hybrid deep borehole heat
exchanger heating system with direct heating and
coupled heat pump approaches [J].Energy Conversion
and Management,2023,276.116484.

[4] ZZRFR 5E 00 A A P IRE IR T £
R REDT ST ML BT 5 B4R, 2021,49(2)
194-201.

[5] Luo Y,Guo H,Meggers F,et al.Deep coaxial borehole
heat exchanger; Analytical modeling and thermal
analysis|J].Energy,2019,185.1298-1313.

(6] Jrse MR R G IR)Z MU AR 1 A TR B
B D157 R - LARHESR ¥, 2018.

[7] LiC,Guan Y,Jiang C,et al.Numerical study on the heat
transfer, extraction,and storage in a deep—buried pipe
[J].Renewable Energy,2020,1521055-1066.

[8] Welsch B,Riihaak W,Schulte D O, et al.Characteristics
of medium deep borehole thermal energy storage [J].
International Journal of Energy Research,2016,40(13):
1855-1868.

[9] Zhou K,Mao J,Li Y,et al.Parameters optimization of
borehole and internal thermal resistance for single U-
tube ground heat exchangers using Taguchi method[]].
Energy Conversion and Management,2019,201:112177.

[10] Zhang F,Fang L,Zhu K, et al.Long—term dynamic heat
transfer analysis for the borehole spacing planning of
multiple deep borehole heat exchanger [J].Case Studies
in Thermal Engineering,2022,38.102373.

[11] Deng J,Wei Q,He S,et al.Simulation analysis on the
heat performance of deep Borehole heat exchangers in
medium —depth geothermal heat pump systems [J].
Energies, 2020, 13(3):754.

[12] BTMRER B2, 558, 55 IR 2 i 2 A o AR A A% et
A JE LA AR p P2 el [T B2 45 A, 2021, 51 (1)
101-107.

[13] Fang L, Diao N,Shao Z, et al.A computationally efficient

numerical model for heat transfer simulation of deep

borehole heat exchangers [J].Energy and Buildings,
2018,167.79-88.

B EEAR AR A T R R I AT R AR IS AT

At £ R AT R B2 ). T P A BB IR, 2022, 40

(7):899-906.

[15] Cai W,Wang F,Liu J,et al.Experimental and numerical

[14

—



[16]

[17]

(18]

[19]

EEE, S A PREAEE KB E SRR AL R H e

investigation of heat transfer performance and economic analysis of utilizing latent heat
sustainability of deep borehole heat exchangers coupled groundwater freezing in the context of borehole heat
with ground source heat pump systems [J].Applied exchanger coupled ground source heat pump systems[]].
Thermal Engineering,2019,149.975-986. Applied Thermal Engineering,2016,105:314-326.
Casasso A,Sethi R.Efficiency of closed loop geothermal [20] Gu F,Li Y,Tang D, et al.Heat extraction performance of
heat pumps: A sensitivity analysis [J].Renewable horizontal —well deep borehole heat exchanger and
Energy,2014,62.737-746. comprehensive comparison with the vertical well [J].
Khanlari A,Sézen A,Sahin B,et al.Experimental Applied Thermal Engineering,2022,211.118426.
investigation on using building shower drain water as a [21] B0 RRE, FE Y | 55 PR 2 H HE A S A S U
heat source for heat pump systems [J].Energy Sources, TE M MG M AR [T R T Tl K 222441k, 2022, 54
Part A:Recovery, Utilization and Environmental Effects, (6):119-127.

2020(8):1-13. [22] Li J,Xu W,Li J,et al.Heat extraction model and
Hein P,Kolditz O,Gérke U, et al.A numerical study on characteristics of coaxial deep borehole heat exchanger
the sustainability and efficiency of borehole heat [J]. Renewable Energy,2021,169:738-751.

exchanger coupled ground source heat pump systems[J]. [23] Huang S,Zhu K,Dong J,et al.Heat transfer performance
Applied Thermal Engineering,2016,100.421-433. of deep borehole heat exchanger with different operation
Zheng T,Shao H,Schelenz S,et al.Efficiency and modes|J].Renewable Energy,2022,193.645-656.

Influence of heat storage on energy efficiency improvement of
medium—deep coaxial borehole heating systems

Dong Jiankai', Lin Duotong', Huang Shuai', Miao Yanshu'?, Jiang Yigiang'
(1.School of Architecture, Harbin Institute of Technology, Key Laboratory of Cold Region Urban and Rural Human
Settlement Environment Science and Technology, Ministry of Industry and Information Technology, Harbin 150900,
China; 2.Building Energy—Saving Engineering Technology Center in Anhui Province, Hefei 230601, China)

Abstract; Aiming at the long—term operation of the medium—deep coaxial borehole heating system
which has issues of cold accumulation in rock—soil and decrease in the heat extraction capacity of
the system, in this research, a numerical heat transfer model for MDGSHPs was established, the
governing equations were discretized based on the finite difference method, and the accuracy of the
model was verified with experimental data. This research separately studied the effects of heat
storage temperature (T},) and flow rate of hot water injection (G) on BHE heat extraction rate ((),
system energy consumption(W) and the coefficient of system performance (CSP) in the next heating
period. The results show that the first step to realize heat storage is to determine the threshold
value for the temperature of heat storage water. Below the threshold, heat storage will not be
achieved, and the threshold temperature for this study is 50 °C. After operating for 500 hours, when
the inlet water temperature increases from 50 °C to 80 C, (), W and CSP increase by 54.41 kW,
8.96 kW and 0.17. Furthermore, when the flow rate of hot water injection increases from 1 kg/s to 7
kg/s, the growth rate of (), W and CSP are 7.71%, 6.34% and 1.19%. Therefore, a small flow rate
with high temperature of heat storage water is recommended during the heat storage period which
will improve heat storage effect and reduce energy consumption. This study provides a theoretical
basis for heat storage in MDGSHPs.

Keywords: medium—deep geothermal energy; coaxial borehole ground source heat pump system;

trans—seasonal heat storage; system performance; energy consumption
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