55 40 555 2 W 4 545 Vol.40 No.2
2026 F 4 A Refrigeration and Air Conditioning Apr.2026.210~217

XEHS: 1671-6612 (2026) 02-210-08

MR A REANEIEIT
RV LIRRE I 7T MIFIEM R

HLE TAR' F ' F RN FRHFLD FERML
(1. B R £ A AN RIFEENE By 065000;
2. R EKF  X#E  300354)

[ E1 LR RARFERE S faor BRI ST %05, BB NE R H1A L
PEREFIBEFEACT . FET 0, SRR U R K 0 3 3 7 i e RS SRy, Jf
HBEAT T SERSERAE . FIFZEEAY, 00T T ESHE TR T AR S Ho R IR B (s, JEXTLL T
BHA TR, BAELL 1A 122 R EUE AT T 3R B A . 45 RER: EARZS
MR AR = g b, IR IR BV, B R B T e R i e T RE s 1L
XA 2 TP, ARV Bl BE R I, i AL X I SR 2% s R RIS AT Y R
WIS R 5 A I r IR R RUR, K IRV S I 1) TG R - b A e P 3R i K M e AT

[82iA)  HREAGE: JESHEAT: [HEUEAT: HEITHE,: LHERE: Fluent

FESHEES TUS3  XHkFRERS A

Distribution Characteristics of Soil Temperature Fields in
Ground Source Heat Pumps under Different Operating Modes
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[ Abstract ] Soil temperature distribution serves as the core foundation for ensuring the efficient, stable, and long-term reliable
operation of ground-source heat pumps, directly impacting the system cooling and heating performance as well as energy consumption
levels. Based on this, this paper establishes a two-dimensional unsteady numerical model for the double U-shaped ground-coupled heat
exchanger and surrounding soil of a ground-source heat pump system, which is experimentally validated. Using this model, the study
analyzed how different parameters affect soil temperature under continuous operation mode and compared the annual temperature
trends in soil under continuous operation, intermittent operation with a 1:1 start-stop ratio, and intermittent operation with a 1:2
start-stop ratio. Results indicate: In deep soil unaffected by climate, temperature varies little with depth, initially rising then stabilizing as
thermal conductivity increases. Near-pore zones exhibit strong thermal disturbance with rapid recovery phase temperature rise, while
far-pore zones respond slowly. Intermittent operation yields superior temperature recovery after the recovery phase, with longer
recovery times enhancing long-term performance stability of buried pipe heat exchangers.

[Keywords]  Ground source heat pump; Continuous operation; Intermittent operation; Numerical simulation; Soil temperature; Fluent

BE&UH: EMNEILBEIERAFBHLIE (HE%S: B30105252016)

EE . #05E (1983-) , %, A%, mBLTIW, E-mail: 52348304@qq.com
WRER: #4 (1986-) , 5, 1#1t, #d%, E-mail: wdzheng@tju.edu.cn

Wk H #H: 2025-09-08



40 E5 2 1

WE, e MIRHRRAEAR AT T SR 7 A RHIE T 7T 211 -

0 5l§

R IR 5 PR 05 0] R 2 A A Bk o] R4 R SR
HR AR AR R AZ O VOB . H AT, FRE B REAE Sk
SRR =z —, Ho, R s P RERE & B
FUREFEMT 60% LA B, 7E “30. 607 Xk H bR i1£)
W, HESIEARIE RS ITE G 807 %R E
TEAE JEIRE o R RIEAE N —Fh R H R 2 th ks
S AR ) VA R iR RO S BRI AT A B I RE VR Y FE
FRD BRI TG Ye2l, FRIE A Ak e —ORIG s Ay i
IMARGHARWE 7, BORTIF A B R B & 5 4k
S 8%, X —FF BRI, S H R
MIRHEARE R LGRS 5 Rt 7 &
B,

TR S R IR R G rh L R R A
AT, UG R R B 5 e G 5 A ) R
2R, dET R AN AR R G A AR REAE
FTRGsE e, Rk, AR 7R ) B A S ) R
PEXT HIYR AR RGBT | IS TR B
HEFWE X, Hr, EANKEH @ HE
RO SIG WK S I M & 22 F o v, k) MR
e RO R IR R TR T T A R AE
NN F Feflow #4487 1 M A M2 Y L AN
FESBUF R, SRR (A2 IR 37 2 )
AR, DARHB IR AR . R AR
PERETT T 09T . SR ME S N ITE it S50 a0 Hh 5 4
R TOL (B —F B FRIEXT M (B
ARG R ) P RS AT B 1 3R B R R T
WEIT, S5 5B, AH AR 5 TR 1 & ARl A,
PRI UL A 0 AZ B ia A7 158 5] 6 3 B g8 i
THR . R RS NI B 7 o 00 4ot HR S o 3 3k
HUX U 2 S b I AR IR AR I 1 74 T2 S R
BER EEHAR AT . S5 RRE, M EHRAX N
A 38 B KSR B R SRAR AT e Bl o 1) L4
AU e B U AY Hb 348 Jo] ] L g it Fe ) S,
THRTCITERE L = g F RS e A B AL, i
FLFR T, MR A ] A R R RN B R e A 1
B FA IR 32 AT I (8] 5 0 v 38 o B T A e

H A2 38  E T IR E SLE T Tl N 135
TR PERT 7T, XA RG0E ST LA H
JE 45 B R ) s A7 1S 20 1 b A I R AR A
XFECHF LA o N, ARSCE AL T R ARIE R U
U b MR A 7 3 ) AR R S B A A, JEE

1T 1 SIS ISR o R HZAR A o3 b 1 SLIs T AR
AR ZHo LR R, FERESHE TR
JEE LN 11 R0 1:2 T aE AT AT 38R FE
R FEIAIAT T X EERIF T

1 1RBENT
1.1 AR

AR SRS YR AR B I K R i L 2
7. Fluent {7 BARRL, 4 A7 MR Y IR A iR 8 % 38
B A IEOL, NGRS, BT LR R

(D REE AR AR5 4k, 12
A N E

(2) BB AR N TR« S A 1 5 5

(3) AR eI 46 I B 43 A1 35 &) FA BE IR FE
J5 A AR A0

(4) R WA K 3 2 BORBE I
[F] R A4k

(5) ZWSE PRSI B TR AR F i
JS PR BEAE LA S 542 i T P42 A B4 B

(6) HTHUFKAEAR, ALK TN
AR B IS, AR S 0 W) () P A ik
JUN LA (AR
1.2 LA

BT RIR B, AT AR M I A IR R
Ji ST T 5 R R sh A A e G
B FTR, JUM B R 45 3 3 AR PR U
UM RN i g, M AT AL L

I
1 5m 1

‘mmmn

3 mm
P—

32 mm
-

90 m

VB AL
B 1 FEHAREN U B E LR
Fig.1 Geometric model of double U-shaped ground loop

for ground source heat pump
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Table 1 Physical properties of material used in the

ground source heat pump system

25 1 /(kg/m?)
(kg K)] /[W/(m-C)]
Mot 1860 840 0.441
A3 2000 1425 1.754
K 1000 4180 0.585
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Table 2  Setting of boundary conditions
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