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Ground-Coupled Group Heat Exchanger
Factors Affecting Temperature Simulation

SHANG Shaowen' ,LIU Jinyu' ,LIU Binghong® ,JI Miao' ,LI Longxin'

(1. School of Municipal and Environmental Engineering, Shenyang Jianzhu University , Shenyang , China, 110168 ;
2. Sanxiang Wanli Industrial Equipment ( Beijing) Co. Ltd, Beijing,China,102628)

Abstract; To study the change of soil temperature field after heat transfer from ground-coupled
group under different influencing factors, which provides theoretical basis for practical engineering
design of buried pipe. The model of ground-coupled group was established by Gambit and different
parameters were set up in Fluent to simulate the variation of ground temperature in ground source
heat pump (GSHP) for one year. When the respectively thermal conductivity of backfill materials
are 1.6 W/(m-K) ,2.0 W/(m-K) ,2.4 W/(m-K) ,the weighted average values of soil temper-
ature after one year are as follows:15. 114 C,15. 137 C,15. 134 C ;Under the cross management
and the series management,the weighted average values of soil temperature after one year are as
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follows:15. 13 C and 15. 12 C; When seepage velocity are 1.0 x 10 ® m/s.2.0 x 10 ™° m/s,
3.0 x 10 ~° m/s, respectively , the weighted average value of soil temperature after one year are as
follows:15. 900 C,15.988 C,15.993 T ; When the soil porosity are 0.232 ,0.332 and 0. 432,
respectively , the weighted average values of soil temperature after one year are as follows:
15.017 C,15.027 C and 15.08 C. The thermal conductivity of backfill material should not be
greater than that of soil,and the heat transfer efficiency of cross arrangement is better than that of se-

ries arrangement. The larger seepage velocity of groundwater is,the more favorable of soil tempera-

ture recovers. When the soil porosity is larger,the fluctuation of soil temperature becomes smaller.

Key words; ground source heat pump; ground-coupled group; heat and seepage coupling; heat

transfer performance ;numerical simulation
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Table 1 Model the material thermal physical parameters

B I/ SRR L/
(kgrm ™) (W-(m-K) ") (J-(kg-K) ™)
135 1 600 1.80 1645
BUEAR 1900 2.20 850
U A 950 0.45 2 300

2 AFEH R E AR R

A AN ) T U AU A T LA
FHEAL A T RS HIREAIME RN+ H
FEIE R 2B I | i S A 5T B 225 R At Y
WEAP R, BT MR R M JC 2 (]
TR ARG S 3 R K, X A e P E Y
M), WA Tt % ] ]+ S9 BE i AR Af AH 2S
TRER . EHERFIMAEK A 50N
1.6 W/(m-K) 2.0 W/(m-K) 2.4 W/(m-K)
(49 AL SFURA R A 7 b MR F0 PR A ) L
AL

PR IIRE 22 40 (0 T $e AR 40 2 AR
Z2A ST ) b A 2 RN . AR 22 b M A 2
AR A HES 5=, AN ] ) b A HE
G 7 X S e R G877 A 52, DT 52 M)
T HER B A 2 53 R IRHERN SCHEPR



%53 1

1) /D S - 3t AR R A A BE 1 W) DY SR A AU 5 569

PR T B A B IR B 7 TR,
T HE AT R B R K T MR K 5
e b AN, R Z Mg R R sh i, A e H
T Bl AR S, # R K S R Al
E—E R T LA A X A A A R
ZEFABBEHL IR AE—AF Th AR A7 AE , HLs Y
KANF DT W) AR fE R, B v 7 1.0 x
10 m/s2.0x10 " m/s 3.0 x 10 ~° m/s (¥
TEOUT B0 30 45 45 ) Rl 1 38R 37
L.
AL ER A KN g I A RS
KB Z /D, I FLIR FRER A, P EH F /K
K, B IEAG LB/, U B 1 AR i i
Al [EAR. K B HE AR T A AT ] —
b AR HE AR ER B, T LK 1) 22/ B 2
BEK
293.5
293.0
292.5
292.0
291.5
291.0
290.5

290.0
289.5

(a) 1=1.6W/(m - K)

(b) 1=2.0W/(m - K)

SRS - A B LI BIFLBR AR +
BRI K. 5 2R R K A A
BRI RS Z2 FL A 5T v ik A 20T 34
B A, BIEMLIR R, AT RAR
OB/, F T O B AL B AR X 3 A
WAE AT ZAAEH. 3553 0 ¢ =
0.232 ¢ =0.332 ¢ =0.432 =FpfLEIZ, 1F
ANZJEAETEB I B GO T, Bl 1 18R
JEG BB L.

3 BRI Lt

3.1 [EHEARIXEEHRAN N
ASTA] [EE AL R I 2217 A I A
TR SRS SR LA 3.

WEK
293.5
293.0
292.5
292.0
291.5
291.0
290.5
290.0
289.5

(c) 1=2.4W/(m -+ K)

3 OR[E BEAOR R 24T A A IR

Fig.3 The temperature field in different backfill material after summer condition 2 months

MIE 3 AT LA, B Z=is 47 A A G,
SRAS TR A LA L IEIRLRE AR A BT BT, B [
BB GRS R M HRAE S bl 55 ]
TSR AR A T B bR | PR o ) 9 P
R, HA T O Y R AS J] Fl - 5[]
/K

— (BRI B LI R 2R, DA Ry g — AR A 1)
DU JE SRR, o Ak 8 LA 42 52 DO A 77 1) ) 4
BT LRCA Rl LS T bR

=R T EFEWRE = A H n
TRLEE PR O DURAU S R L] 4.

i HEEK HEK
290.3 290.1 290.2
290.2 290.0 290.1
290.1 289.9 290.0
290.0 289.8 289.9
289.9 289.7 289.8
289.8 289.6 289.7
289.7 289.5 289.6
289.6 289.4 289.5
289.5 289.3 289.4
289.4 289.2 289.3
289.3 289.1 289.2
289.2 289.1
289.1

(a) 1=1.6W/(m - K)

(b) 2=2.0W/(m * K)

(c) 2=2.4W/(m - K)

B4 AR IEEAEE TR K = iR EY

Fig. 4 The temperature field in different backfill material after summer recovery 3 months
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Fig. 5 The temperature field in different backfill material after winter condition 5 months
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Fig. 6 The temperature field in different backfill material after winter recovery
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Fig.7 The temperature field after summer condition 2 months
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Fig.8 The temperature field after summer recovery
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Fig. 9 The temperature field after winter recovery
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Fig. 10 The temperature field after winter recovery

M 10 ATLAE 48 B HE T ol
SCHE B, R O B A B AR E A B
14 C, FZR B AR FUIHEHE S e 45
HUDIRARIRE 14. 1 CHPERTERLIAE R, X
HEHES 7 =T A HE DU R R — {1 S IR 1A%
KFIMHEHES J5 2, e Bk HE A0 SCHEHES ) 7
T R A IE 5350 15,13 THI

/K
291.6
291.4
291.2
291.0
290.8
290.6
290.4
290.2
290.0
289.8
289.6
289.4
289.2

15.12 C. LA 1, & Z=istT

e, SCHEHE

B9 3T At LA AR A A A Ve HERR 1Y

R
3.3 EREEMNEHRANE

=R 2 ‘“Fi&%&nr%ﬂ’ﬂﬁ

g L aniEl 11 Froi.

REK

(a) v=1.0x 10" m/s (b) v=2.0x 10 m/s (c) v=3.0x 10" m/s

B 11 AR R

A7) R T

RE/K
291.6 291.6
291.4 291.4
291.2 291.2
291.0 291.0
290.8 290.8
290.6 290.6
290.4 290.4
290.2 290.2
290.0 290.0
289.8 289.8
289.6 289.6
289.4 289.4
289.2 289.2

Fig. 11 The temperature field after summer condition in different seepage velocity
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Fig. 12 The temperature field after summer recovery in different seepage velocity
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Fig. 15 The temperature field after summer condition in different porosity
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Fig. 16 The temperature field after summer recovery in different porosity

DI fLBREORN AR O B Rl R B AT (R R FL B A A 1S
BERTE R AR /0N s LB R 3 0.432 /), B3 B2 19 IO 4 (8 Bl 5 L R 3%
W, B — SR SRR R A I R, B3z A9BSR L AR i L.
1) T HEREAT B AR IS 04 - M B AP A LB F I 4 ZRi5 47 5 3R A 7
ES N 16.552 C (16,537 € .16.534 C. ALAEBLABNZE R 17 Frs.
K ey Z2 AL 5T BN 25 188 i

1R /K B E/K 1R BE/K
288.5 288.5 288.5
288.0 288.0 288.0
2875 o 2875 o o 2875
287.0 287.0 287.0
286.5 286.5 286.5
2855 2855 285.5
285.0 285.0 285.0
2845 2845 2845
284.0 284.0 284.0
2835 2835 2835
283.0 283.0 283.0

(3) $=0.232 (b)$=0.332 (¢)$=0.432

17 RFEALB RN & ZFiE17 )5 SRS 0
Fig. 17 The temperature field after winter condition in different porosity
M 17 TR, BEE LB R A3 I, 21 0. 432 B M0 A b 17 iy 2L ) 6] 14 0k
PSRRI N, XFHE 14,5 CRISEIE ARIRAAN -5 O R 1 I S5t e A 1
Zenl LA, Y FLBR AN 1 A AR T 1Y ANFALBR AR A Zis T 5 LR 1
G Z A B LB R AR i IR DU E SR N s 18 I,
S5 AR A PR OB | 2 LB R R




%53 1

1) /D S - 3t AR R A A BE 1 W) DY SR A AU 5 575

RE/K

288.9
288.7
288.5
288.3
288.1
288.0
287.9
287.7
287.5
287.3
287.1

(3) $=0.232

HE 18 Al LI ), I i f7—4F
AF, FLBR A A, - 398 DX 3l e R 90 1431
BB HLBRRIE K F 0. 432 B, B —4%
IR AR i . en , =R fLBUR
i - SR B A A (B 53 31 A 15. 017 C
15.027 °C \15. 08 C. [Alkf, FLERHRE K K
0 I - I o 2T R T ) U - R
LB T AR RIS K, B R
T MR BN, BT DL A S P i A B B B
R Z | FEORE R,

4 4 g

(1) 38 L 15— Pl [R] 1 [l SR A 1) 5
RE RGBT AR5, AR S
WAEFCH 2.0 W/ (m-K) B, S350 0 +
el BE, oMM OB T ROR BN
2.4 W/(m-K) B, AR A 8. Ui AE —
FEVLFEI , Bl A A S IR B3GR, B
R AHCR BT B Y M 4 B R IR EOR
TN SIAEUE RN B2

(2) HAHEHE 51 R0 SCHEHES A 8 R 46
O IERA BT AR, SRR R 1
SCHEHEZ A, % - S R B RS B BOR  fH rh
SO 7 AL AL AR, I SCHEHE B o
Fo 4y, M HRAS 2 () AH B VR F B K.

(3) Z B B RN B S
BOREE ARG, AR T L TCB T R A
SR R T ) LR R . B T
R B TR S50 0A TR AR 22 8N |
U IE 104 i I T 8 O3 A A W /DN, ey

(b)$=0.332

RE/K

288.9
288.7
288.5
288.3
288.1
288.0

287.9
287.7
287.5
287.3

(c) =0.432
E 18  A[EFLERAT 4 Fi2 17 5 R B R &2 1

Fig. 18 The temperature field after winter recovery in different porosity
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