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Table 1 Efficient thermal conductivity based on TRT tests of 89 boreholes
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Fig. 1 Thermal conductivity of 89 boreholes
in the North China Plain
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Fig. 2 Thermal conductivity of different lithology
in the North China Plain
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Table 2 Thermal conductivity results based

on tests and empirical equations

W | ek HFER(W/(m -« K)
(m) %) i Wt Chen Shanxiong | Ewenet al.
et al. (1994) (1987)

0.2 4.5 0.02 1. 20 0.82 0.5
0.5 4.7 0.02 1. 20 0. 83 0.5
1.0 6.4 0.03 1. 40 0.91 0.8
1.5 5.8 0.02 1. 30 0. 88 0.8
2.0 6.8 0.03 1. 50 0.93 0.8
2.5 6.0 0. 02 1. 40 0. 89 0.8
3.0 6.9 0.03 1. 45 0.93 0.8
4.0 10. 3 0. 04 1.55 1.05 1.1
4.5 32.0 0. 14 1.95 1.51 1.6
5.9 32.9 0.13 1. 97 1.53 1.6

—— Jlli{{f Measured data
------------ A Chen Shanxiongetal. (1994)

Z 297 .. e--- Ewenetal (1987)
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FIKE (%)
B3 AR & K 3T I AT R
Fig. 3 Thermal conductivity of underground

material with different water content
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Pe = et L (8)
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(m/s) L oAERAE K FE (m) . A S Z AL 0 25 A #1
SR (W/(m -« K),

it I8 Peclet {H 1Y € X, {H R, 8 i #e F4
M E A R, X IRE e R S E W
et B Peclet fEEC/N » f1 #0023 AF FH Y
fead #ih Peclet (AR, FRAE R ST LY HUE 1

e H g R A 50 . Bear et al. (1972) h— F
TR T I AN L T SR A O AL
I Peclet fH/NT 0.4 I, FIAE L £ Tl 5 24
FALTF 0. 4~5 I, Pl e 05 RO AL PR A T A
HiRT S mL B WA ESEM. W,
Peclet {8 (9 A X K /N o 1] 40 28 45 1 il 8 970 B 7= 2 1Y
X 4 KOS A 3R G4 PR R Y R

Sy X H ML KL S I 8 A 58 M XA B
Bl AT o M B FLA I 4 s o B gk AL Ao 3
TRBIHEA T 35~45m Z ] . fLIFH Jy 100m. 5
— & 1] DN32 XU U M3 & 0. B fL iR h
0. 2m SR ATH ST AR AR g IR SEORP R MR 12 5
Ti R KK S ELR IR 45 A3 3 R B X B A
5 20 BB AL AL B B i LA AR B B AR I A R I
30 T U/ I R 22 L b 2 A e B 1
LA BB A MK AR B 2 Tm Ao Ay R HEAT T AR IR
Ak DL A0 FAARK

£ 3 AREHMmINLKEFL M T KGRE

Table 3 Groundwater velocity of different boreholes

Biflgi s ZEC | dEC) I TR (m) KB R K (m/d) | MR K (X10"  m/s) Pe fH
SJZ-02 114. 58 38.08 100 0. 00067 0.11 1.32 0.28
SIZ-05 114. 65 37.98 100 0.00128 0.22 2.52 0.53
SIZ-06 114. 58 38.15 100 0. 00154 0. 26 3.04 0. 64
SJZ-07 114. 55 38.17 100 0. 00204 0.35 4.01 0. 84

AS]7-02

L

oIk SIZ-05 A

R OAT VNS
| <300 300~500 | 500~1000 |1000~2000| >2000 | SpQCiﬁC yield
(m’/(d'm))
A B LA E O WE 5 i H
Borehole location Study area

B4 A7 28 DX PR w7 K30 Al Lz s
Fig. 4 Borehole locations of thermal response

tests in Shijiazhuang City

X 4 AL I 3R 2 4 3 56— 7L
B BR AT 1 21 TE 18 56 00 24 - 0 06 B3R A o

FEIRET 3 AR HE 11 B a0, A 46 1 2118 i
A 2 M. 4 DEFLIEHEAT T 16 AR,
BRGNP RIRE. SR RCGE D,
SIZ-02 %54l Pe {69 0. 28 thi FC I 16 FF B Bl 440
AR R 16.06 CLLE A S HE R 1.04 W/ (m « K),
Pe {Hi K MR SIZ-07 L, Pe {H 4 0. 84, th JCIh 1§
BB A5 W1 4R R B o 14. 74 CL A VG RO
1.29 W/(m « K),
T4 RMERBMEEERSRERRK

Table 4 Results of thermal response tests

HPAL | Hb R K G Pe LGRS LA ITR
%5 (m/d) MR CCH (W/(m+ K))
SJZ-02 0.11 0. 28 16. 06 1. 04
SJZ-05 0.22 0.53 14. 66 1. 06
SJZ-06 0. 26 0. 64 15. 45 1.13
S]Z-07 0. 35 0. 84 14.74 1. 29

W A B LIRSS RS Pe (E 417X H (& 5)
BEE Pe {H 1Y 3500, 256 #5232 1 B8 W 1 hn iy A2
ek, K PmES L0 25 G S R FEAT XTI T
Hb T 7K TG TR R RRE T N 4 LA AR Y
PR, AL AT BE A T K i e
PR R R L FE 0. 28 < Pe<C0. 84 iy
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0.8 o
fﬁ — - 0.5
N
[

0.4 = 0.0
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Bl 5 BEfLLE G AT R Pe (HAL

Fig. 5 Effective thermal conductivity with different Pe number
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(DHFE LT 200m I EE N A R s X A £ K1
EEA S A EE R GG R ERERN -
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L TR 0.95 W/ (m « K) & #i 3% K 3|
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(2) AN [vi) 1 DXt~ KA SR RA ] 15 | A [] P 1Y)
PR KRA AR ZER . AN KR H PR
TRBCHE S, B 25 55 KR I RN, PR B B
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IR A R R 5 R 9 2 AR S K R 2Rk

(3) b 7K 3 Bl R S A 1A% F457 A 52 e, DT
S W) 4t L P AR . R P A R i DX AR e i 3
6 R 45 SR 0 A 4 A T R B A T K I S 8 L e
PR SR E 2B 7R 0. 28<TPe<0. 84 11y
0L, Pe {H 3 Jm 47% ., e #4 8% R o] DL 34 in
7.56% . PHULAETE KA Sk s 6 K S Hb R 4% 1
N EERE T S
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Abstract

Average thermal parameters of the whole heat exchanger can be measured by in situ thermal response
test (TRT). TRT can simulate the actual operation of the ground source heat pump (GSHP) and has been
widely used in designing the GSHP. Data of TRTs from 89 different boreholes in China were collected and
analyzed. Effective thermal conductivity (Ay) of the ground within 200 m was analyzed and its influencing
factors were evaluated. Results show that thermal conductivity from TRT results are mostly between 1. 50
and 2. 16 W/(m + K) with cumulative probability between 25% ~75%. Generally speaking, underground
materials with coarse grain, high water yield and strong groundwater velocity show better heat transfer
capacity. Lithology, water content and groundwater flow are import influencing factors for effective
thermal conductivity. The regional variability of the underground material and groundwater level depth
within 200m are important factors controlling effective thermal conductivity. Groundwater flow also plays
an important role and the modified Peclet number (Pe) is introduced to define the effect of groundwater
flow. When Pe is between 0. 28 and 0. 84, a 47% increase in Pe number results in a 7. 56 % increase in the

effective thermal conductivity of the ground.

Key words: thermal response test (TRT); effective thermal conductivity (A ; lithology; influencing

factors; Peclet number (Pe)



