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Abstract: Change rule for the study of the thermal physical

parameters of rock and soil mass can occurrence
characteristics of shallow ground temperature, such as using
the thermal response test and the research methods such as
laboratory test and analysis of geotechnical engineering
(thermal conductivity) , porosity, thermal conductivity, specific
heat, scientific analysis, parameters, such as using IGSHPA line

heat source model and INGERSOIl cylindrical heat source
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model to carry out the analysis of characteristics of coefficient
of thermal conductivity changes. The results show that the
average thermal conductivity of strata in the area is 1. 68~
3.44W+ (m+K)7!,and the high value area is located in
bedrock mountainous area. Formation of initial ground
temperature range of 10.80~15.80°C , the high value area in
east and west on both sides of bedrock mountains and
piedmont zone. Under the condition of natural moisture
content, the thermal conductivity of the rock and soil body
shows an obvious trend with the change of water content,
particle density and porosity, that is, it gradually decreases
with the increase of water content, increases with the increase
of particle density and gradually decreases with the increase of
porosity. As the diameter of borehole increases, the thermal
conductivity of borehole decreases and the thermal resistance
of borehole increases obviously. And the initial temperature of
1.0°as a standard for geothermal recovery, sticky soil layer
recovery needs 5d, coarse sand formation in the recovery of
3d; And the initial temperature of 0. 5" as a standard for
geothermal recovery, sticky soil layer recovery need 15d,
coarse sand formation in the recovery period for 7d.

Key words: shallow geothermal energy; initial ground
temperature; heat conductivity coefficient; specific heat; line

heat source model
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Fig.1 Schematic diagram of Liaoning province
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Tab.1 Hydrogeological conditions

; KT FRRE
AR PR AKEEM KRR /m KRG/ /m HIFAR (o - d D

Fir % KEFE (N 25~70 3~5 5 000~10 000

wo oy = KEEE WG Ho e 20~60 1~4 1 000~5 000
w R i K% Y N e 30~40 3~5 500~1 000
oA ]J‘( KEHZ Btk + B IB G 5~10 3~10 100~500

A z;;& Bk KBRS AR IR AR 200~~300 1~3 1 000~3 000

* HEHTK KEEE PBA . B PRP PR 20~50 2~4 1 000~3 000

(L3R KEFE [2nYa 10~20 1~5 1 000~3 000

> CE IR KEEH wma 3~5 1~5 1 000~3 000

" ;E\g TRRS KEEE BERA | e 10~60 2~5 1 000~3 000

B KEEF BRONG R 8~20 7~19 2 000~5 000
& FLBK KE P wEka 4~10 3~5 500~2 000
/N KE P wEka 2~17 1~2 500~2 000

R KEEE KA TRE 1 000~5 000
%Nﬁg?’éﬂ( KB YR N=P FHaE 500~1 000

KE P WE AR EERE AR RFE5~10
S KEEE B SHEER KF 200 N 5001 000

HBRFLBIK S iE DHESTUATR KF 300 1~5 REAR 60~600
KEFZ b E R 1~5 AR 4~130
e piS Gk KABUE AR RFEE>1.0
KERZ =RERE AR REE<L0

R OSEAE R, KA VEFUERR, ZICA RN LUR SR 3T

BEFT S BB , X0 L B S I R — A
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Kb a AE v A RAREKBEELE 0.6 FHUSF
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Tab.2 Different scope of rock and soil body heat physical parameters

g FIKE o/ % Wb/ (g » cm™?) LEEE/%  SRMEBER/ W (m K™D WRE/T - kg K™D
bt 20.5~33. 6 1. 68~2. 05 37.9~49. 6 0.97~1.56 0.87~1.21
ARt 10. 6~19. 4 1. 65~1. 99 30, 2~44. 9 0.91~1.78 0. 56~0. 80
Hab 7.10~13. 8 1.51~2.13 24, 9~49. 8 0.74~1.76 0. 66~0. 92
i b 5. 00~9. 80 1.82~2.32 18.8~36.5 1. 05~1. 64 0.71~1.02
RE 6.10~21.2 1. 94~2. 44 14, 8~38.9 1.19~1. 45 0.81~1.21
B 2. 70~16. 5 2.39~2. 61 7. 40~20. 6 1. 25~1. 72 0.72~1.02
b= 0. 20~2. 33 2.62~2.78 1.25~4.75 1. 55~2. 82 0. 62~0. 84
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Tab.3 Different rock and soil body heat
physical parameters

K BREE/ TR/ SEARLR/ (W - B/ -

HE 2 (geam % (me K0 (kg KO-D
WEE+ 26.2 1. 90 44. 05 1.25 1.05
Bam 11.3 1. 85 37.17 1.43 0.71
We 9.80 1.91 34.26 1.27 0.78
WA 6.81 2,04 28. 05 1. 40 0.81
BE  14.9 2,18 30. 43 1. 30 0. 99
e 8.65 2,50 14. 85 1.45 0. 82
A 0,63 2.70 3.020 1.95 0.70
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Fig.2 Different rock and soil body heat physical

parameters
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Fig. 3 Comparison of comprehensive thermal

conductivity ( thermal conductivity ) of
borehole tested by different methods
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Tab.4 Weighted average calculation results of thermal
property parameters are compared with those of
thermal response tests

Wl SHEH/ W (m-K)™D
FAWEL TR Skw  INATHE dkw  INTIE 6kw

Ki 2. 08 2.17 2. 29
PR 1.78 2.73 3.32
1% 1.74 1. 99 2.78
F 2.00 3. 40 3. 49
SR 1. 41 2.51 2. 50
agi 1.33 2. 35 2. 63
gl 134 1.72 2.03
En 1.53 1. 63 1.72
Exai] 1. 68 1.76 1. 82
B 0.93 2.08 2. 26

HEE 2,09 2.01 2. 00
A 1.42 2. 46 2. 61
B 1. 00 2. 29 2. 31
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TR AR AL AT 3BT R IR . TR 1) 3 2B A
WA B O, MUK TE R N TE UG
B EEFOK IR A BIRR E I e B R K 528 4
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Tab.5 List of initial ground temperature of urban
strata in the study area

i) HARFRAE FEEME VIR IR T3{E/C
KET WoE s R A 14.0
PR . WA ERE 13.2
S L I ST 113
SR T P A 11.5
BRIETH ik 12.9
bad =) itk £ 12,4
gl IR p iR % 12.7
Eom Heb. A 12. 4
T il 12.1
T =Nk =2 12.2

HEBT T KA 13.9
g PRI e 10,8
B T RS 11. 8

ST IR EE 2 AT RHE . © #1iR IR A
9 10.80~15. 80°C; @ mi{E X B X AR PIERIY
FeAm ROl , HEWRE, R A E SN E
S PUHR E, BRI R A S IR B b K
K@ FEE W RMBCAE R F, B TAKRBTFHRA

S bR S EARSR , R b 2 A LA R b
i X R R T o B X
16.0p

15.5F
15.0}

— BRI
#issh | H AR B

1:00 7:00 13:00

W 1
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Inlet and outlet water temperature change curve
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Fig.5 Formation mean temperature change curve
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Fig.6 Average horizontal temperature and logarithmic fitting results of underground heat

exchanger in main cities in the study area
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Tab.6 Test data of thermal response test of field

test data
" e MRBHTELER/ (W (m- KD
Wi i/ 3 kW 4 kW 6 kW FHE
FET 14.0 2.17 2.29 2.23
FHRT 13. 2 2.73 3.32 3.03
A& 11. 3 1.99 2.78 2.39
k7w, i) 11.5 3. 40 3.49 3. 44
BRIST 12.9 2.51 2.50 2.51
TR 12. 4 2,35 2.63 2,49
BT 12,7 1.72 2.03 1.87
EOmm 12.4 1.63 1.72 1.68
5T 12.1 1.76 1.82 1.79
B FRT 12. 2 2,08 2.26 2,17
WEET 13.9 2,01 2.00 2.00
SN 10.8 2. 46 2. 61 2.54
BT 11.8 2,29 2.31 2. 30
2.5.2 F:TF Ingersoll B FF M IFBLA A T A
PE

T WRA R EEFL AR A A B R 1
SO, FELR IR I A LA b 5 LA B A PR . [BR A R
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R AREE. EAERIRES a0 0 £ 2 H 7 T
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Ingersoll 25121 #E Carslaw F1 Jaeger TAEXR &
T TC RO 1 [ A B A ik A B (B SRR AR R
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Tab.7 Calculation of thermal physical parameters of field thermal response test under large and small power

PR A/ e . P/ TG/ PR/ ELFLEFE/
2 k] (m?+C)™ 1) G LS HERARE (We(m+C)™1) (We(m-C)?!? Q0 "m?2s+s51) (meC- -W1
F 3087 0. 929 12. 06 0. 975 2.17 223 7.63 0.076
KEXR 0. 898 14, 37 0. 969 2.29 7.74 0. 185
FHRN 2 662 0. 839 13.31 0,984 2.73 3,03 9. 20 0. 230
FHERK 1. 453 15. 26 0. 986 3.32 12. 10 0. 250
AR/ 3 358 1. 328 8. 86 0. 990 1. 99 2.39 6. 22 0. 056
RIEKR 1. 285 12, 82 0. 993 2.78 7.61 0.158
i
FENF /]S 2 796 0. 685 14. 29 0. 967 3. 40 3. 44 9.76 0. 201
N F 1. 400 16. 86 0. 988 3. 49 11. 80 0.171
RIA N 3994 0. 939 14, 25 0. 988 2.51 251 8. 00 0.193
[N 1. 148 11,74 0. 965 2. 50 8. 46 0. 106
ILFHZS 2511 2. 203 10, 99 0. 994 2.35 2. 49 9. 30 0. 207
LK 2. 600 10, 07 0. 995 2. 63 9.53 0. 215
EATITN 3081 1. 357 10, 97 0. 929 1.72 1. 87 6. 38 0. 281
AN 2.372 11, 87 0. 965 2.03 6.78 0. 258
O/ 3 050 2.124 2.220 0. 997 1. 63 1. 68 6. 53 0. 240
HOX 2. 787 2.562 0. 995 1.72 6. 87 0.238
RN 3 456 1. 263 3,288 0,971 1.76 1.79 6.53 0. 186
fix-N 2.523 3. 100 0. 980 1,82 6. 94 0. 250
BAFH /N 9 839 1.524 0. 960 0. 969 2.08 2.17 7.38 0. 069
EE =N 2. 964 6. 728 0,974 2. 26 7.84 0. 240
T B 4 003 1274 3.841  0.952 2,01 200 8. 62 0.120
HE R 2.771 5. 870 0. 976 2. 00 8. 99 0.216
M 2 701 1. 255 5.199 0. 977 2. 46 2.54 9. 89 0. 062
-7 N 2.629 2.773 0,977 2.61 10. 20 0.112
BEHN 2 627 1. 093 9. 431 0,994 2.29 230 8. 36 0.213
BHR 2.032 9. 450 0. 996 2.31 8. 98 0.221
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Fig.7 Influence of borehole diameter on thermal

conductivity
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Fig.8 Influence of borehole diameter on thermal

resistance
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Tab.8 Comparison of temperature recovery parameters in different geological conditions

P HNEE S PR Z TR/ HEH DR EE/C HEVIIRIE WMERE/ SUHER
B /m - h! REWIR BRI AR BE/C C %/C
7k02 42,10 WH+ HPE DRE 71.5 20. 14 12.00 10. 23 8. 14 1.77
Zk05 50. 80 WE+ s BPE 72.5 19. 85 11. 85 10, 40 8. 00 1. 45
7k08 51, 68 WE L eb s B 72.5 19. 45 11. 77 10. 58 7.68 1.19
7k13 5. 20 Wt KA 72.5 19.19 11. 84 11. 31 7.88 0.53
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Fig.9 Temperature recovery curve
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