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Analysis on heat transfer performance of ground heat exchangers
with typical geological structure in Wuhan and Chongqing
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(Joint International Research Laboratory of Green Buildings and Built Environments, Ministry of Education;
National Centre for International Research of Low-carbon and Green Buildings, Ministry of Science &.Technology,

Chongqing University, Chongging 400045, P. R. China)

Abstract: The heat transfer performance of ground heat exchangers (GHEs) is influenced by different
geological structures. A three-dimensional heat transfer model of double U-type GHESs is established with
typical geological structure of Wuhan and Chongqing as boundary conditions separately. The heat transfer
performances are obtained through the model calculation. The simulation results are validated by a practical
thermal response test of a ground source heat pump (GSHP) system, which shows a good match between
the simulated and experimental results. The influence of geological structure on heat transfer performances
is investigated and the heat transfer performance of GSHP systems can be predicted. Besides, the average
heat transfer coefficient of GHEs is calculated in these two area with the proposed model, and the average

heat transfer coefficient of the heat exchanger is K, =1. 65 (w/m. K) in Wuhan area, K,=1.51 (w/m. K)
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in Chongqing area, respectively.
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Table 1 Geological distribution in Wuhan
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Table 2 Geological distribution in Chongqing
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Fig. 2 Model of GHEs
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Table 3 Material physical parameters of model 1( Wuhan)

- B/ HehA/ FMERE/
(kgem %) Je(kge C)' W/(m-+ C) !

W —JZ 1925 1038 1.2
T 2 2 600 1153 3
R =R 2 800 1160 3.5
[ S b4 e} 1900 1245 2.0

PE % 950 2 300 0. 45

P K 998. 2 4182 0.6
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Table 4 Material physical parameters of model 2 (Chongging)
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Hi T — 2 1925 1038 1.2
Ho T R 2167 1235 1.9
Wk = )2 2 291 1468 2.6
[5] 3E b1 eh 1900 1245 2.0

PE % 950 2 300 0.45
TEH K 998. 2 4182 0.6
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Table 5 Average temperature of ground at different

depths in Chongqing

WA /m HrE/C HITFYIRE/C
50 18.8 18. 85
40 18.9
30 18.9
20 18.9
10 19.4

a0 b IXC 14 2 -0 e T S A 5 R LA
B DU X AR R R BRI 17 C O DU X
e AR PR B . R R R R O U S I AR
P LB 0.6 mo« s L AL A 2. 31 m?
h ' R0 8 kW,

2 E=HITTEE

S I E T IS R 8 08 R IR Bl A i O R B
XFFAE NI 8l A D AN R TR 4 A L R AR T ke
FEIRL T BE DA T BE T BR 0L SR A . A5 JE IR
LT R Bl s R BB TR DL AR T ke T AR
W2 ~(8),

HELEE T
ICu;)
Bl 5
o) | A ouu) _ AP
dt T dx; S +

P Ju; J Ju,
af{[(,ﬁ#() EF afj[(,ﬁ,l,) 71} (3)
AE 17 2
2T | T _ 3 oy o\ dT

Jt dx; dx; |:<Pn Jro‘T >91J] “
it U, AE 7 P2

g(p/g)+8(wjk) :i[(#+&>9k]+Gk7@

Jdt dx; dzx, o )dx;

(5

@) | I pue)
dt dx

J

J [(,ﬁ&) ok [+ GG —Cup e (6

dx; o. )dx; k
K C6) it R BE e FTH 1 X8 3 B 5]
Wi S RE & = AT G, 1R (D =l (8) .

2
s = 1OC/1 ]% (D

. du; du; \ du,

Gy = ’u‘<3x] 91,»)91] (8)

K@)~ EHEMEE R : C, = 0.09,
C.=1.44.C,, = 1.92,6, = 1.0,0. = 1. 3,

3 RBIGIE

O NFRIE B X B PR DU AN ] b 5 15 O
TR I AR RE . ST G B A R Y OE A
T8 o 3 5 2% 11 45 2 00 A2 Ak » a3 A5 TR 5K A 45
FFHEECR . it IEE PR model2 g {51 R 17 4 1Y
Bk, % A YIES RS SRR O — 2 B 0 )R
SrHIAE 5.30 m Ak, SEE R FE R AE LA A B )
LR E Rk L LIRS i R R Y 22 57

H Fluent #OSR AR % B U 2 )2 84 = 4
FERY, ] DU 5545 31 40 oA oF i IR DL KA [ R
FEALHE K IR RE . A SO S HE W U £2)2
Mo ALY R 2 IR SR M ST A5 4 L B A 3 X gt
T 3 J50 245 ) A ST 1 5 BRI AT I R 3 S A A R S
B e 7 00 45 I 4 32 47 2 RO ) B ORS8O U
2 )2 iy 1L 5 AL ASE TR S A% 15 552 B A ) 7 00 3 1) 45 2R
HEAT RS LG 20 B e i 7 B X U 22 )2 1A AL
BEAL R EAG M . 16 B model2 (FE PO #3145 F i 01
il 22 FIAS [ T4 J3E Ak 3t 34/ K L 0 L R0 20 £ A £
N B G LEUE T B 45 R 5 00K 45 R a0 L& 1
JEVE P W) & R R b ofe . BUETHIE AR S
IR A5 A A 005 D AT U X (O AT IR

N
’I‘Z
exp.i
_ =1

ST
DATE P S0 TR 5000 0 AT 30 S X L 43 BT A
I Y Ak A9 K TR S DA Bt M K TR 25 . S A A
BOfe e K IR X HE WL IR 3. 3 AT AE S E
FIRILR 2 0F T R B U 2 J2 B fLAS R M 11 3 5
T 1B 5 B30 e 11 VL B R J A R A A ] S 0
B A 1 AR BE 2 (8] B P FA B 43 S A 1. 22,1, 60,

R* 9




% 4 H

EH.F RS T REABREM T W RILE LA MR 21

1.34 C,HAWH . BEMESH N 0.919.0. 918,
0. 945, W) BE# R 5 Fo s it o KR 22 . 459 S0 B 9
TR 25 ) 948 5 BT 3k KR 22 S Y R

305 305
304 304
303 303
302 302
301 301
oy 300 w300
] 299 I 299
298 298
297 297
296 296
295 295

2.795 CH13.181 C,HIEMERO0.777, ZRER
Hi PR FIE B A U 2 )2 2 Y 5 S R B i T
PUAE AT L BTl g BB R R A S bR TR

305
304
303
302

a2 301

1300

5 299
298
297
296

Y S S S S S SR S SR Y| AR S E——
012345678 9101112131415161718192021222324

BATHT [E)/h
T —- TS5 mBUEMR - TS mIGXE o< T30 mBER -~ T30 mPiRXE

90123456789mnmmuwmnmwmmnmu
BATH [E/h
e —e- KR H AU 7
—=— HK R H O AR E

012345678 9101112131415161718192021222324
EBATH [E)/h

B3 sSMEMHERHKEREE

Fig.3 Comparison between numerical simulation result and testing data of model 2 (Chongqing)
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Fig. 4 Outlet water temperature of model 1(Wuhan),
model 2 (Chongqing)
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Fig. 6 Inlet and outlet water temperature at different
depths of model 1(Wuhan) ,model 2(Chongqing)

after simulation run 24 hours
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Fig.7 Temperature nephogram of model 2(Chongqing)
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Fig. 8 Temperature nephogram of model 1(Wuhan)

WIS AEHL R 100 m AL, Hedh E AR B AR E D
RBEAL 4 RSO RK I FEAS AN . A fE S
b B A e P RSCR W]  BE L PR BERY 55 . LR R B
A AROR 5 B B B A IOR 22 U
4.2 HBAESW

AHI Fluent #0442 BOss 23 J2 Ak i 2E K
i AT AR AT 3ty 5P AL B8 00 Ul A S TR 11 45

JoJE e i oy S BRI 0 B R T B R0 AT 4%
MRS R . A9 AR ER G
F7HT 4 h Ze A O U £ )2 5 LA D 0 4 Jo A
—HATEGRES R RBRN R ERE fF RR
IBATRRE S - PRI T 1 e PR T BLAE R AE T R L L
TRHE B AR i 1 3K 1) S e B 1 5000 DL B LR
W T EE R R e LR EE H S8R
BRI e T 2 8 L gy, BIRB
(14 AR A D o TR B B AR 0 ) o B g
WA 130030, XIEE N B2 ma I R BUN . e
RAFBORI AR . OV E AR B E TR
J3E i A B[R] 014 38 o0 10 8 s DA ARG T 2 UK R AE
TR 1 ARG 22 - AT 5 B8 B D D

9
80

50
40 L

30
20
10

Ho %

01234567 8 9101112131415161718192021 222324
BATH E/h
H: = 0~20 m¥kAEESH  —e— 20~50 mEE A
& 50~100 m¥PEEH 4

(a) R
90
80 [A rdddddddddddddddddddd
70 [
60 |
50 [
40 [
30 [
20 [ of

10 [

Ho %

oi55456789muunuwwnmwmmnmm
BATH E/h
H: ——0~5 m B ESE = 5~30 mBtBEEH
—A— 30~100 m¥EEH 4
(b) EK

B9 #E (KRN MER2(ER)SHRERAE
Fig. 9 Heat transfer for each layer in model 1(Whuan)
and model 2 (Chongqing)
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