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[ Abstract] To investigate the annual variation characteristics of soil temperature around the medium-shallow coaxial tube ground heat
exchanger, a two-dimensional unsteady heat transfer model for the medium-shallow coaxial tube ground heat exchanger was established.
The model was solved based on the finite volume method and validated using experimental data from the project. The research findings
indicate that under individual heating and cooling conditions, the circulation mode of outer-in and inner-out has a greater impact on soil
temperature at a depth of 100 m, while the inner-in and outer-out mode has a more significant effect on soil temperature at a depth of
500 m. During summer conditions, reverse heat transfer is more likely to occur with the outer-in and inner-out circulation mode. At the
end of the first winter (or summer) season, the thermal influence radius of the soil is less than 10 m, but this radius increases over
time. At the end of one operational cycle, the soil temperature increases at depths shallower than approximately 300 m and decreases at
depths deeper than approximately 300 m. Orthogonal experiments reveal that the inlet water temperature in both winter and summer has
a notable impact on temperature fluctuations at a soil depth of 100 m, while the inlet water temperature in summer significantly affects
temperature fluctuations at a soil depth of 500 m.
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soil temperature at r =0.5 m, z =500 m
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FTJRIASS o, 8RR LW BRI /N, 3 235 A [
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WK 9 (b) i , ARIAZEHEKIEEE T, —4J8 3
SR THEREI IR T 0.3 CAA,5 AT ERE
ZaI B ARG | 0 G I FE 24 h A2 A
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e, A9 S R R R 25 (I K, 43R 0. 66
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0.52.0.43.0.37.0.33.0.29 °C, — A JEAWILE g, +15
ELTRET 0.3 C&Ef . FlfE L=2.5 m'/h B,
B4 A AR IR E A FIHEIR S, B 7 ~ B9 1]
A, HEAFPEEITSET, — a7 AZH 300 m
LA VAR E R 500G IR B AR FE R, 300 m A4
DIVR - HEIR FE S0 UG TR A L TR
3.4 EXEIIEiFIT

SRR A TR KR ZR KR LA S A
BH=HZEX =100 m,z =500 m A9+ EEFE
BE 43Pk 2 =100 m H3EEZE 2 =500 m 38 254
SHE R B R, 3T 3 & 3 K F4E 9 4 T k474
P, EAFIELHNERNLEAENT, &4 05, 2
z=100 m +HERZE 2 =500 m HIERELXHE N Hin
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Table 3 Orthogonal experimental factors and levels

G S K1 IKF-2 K3
A Ak KIR B/ C 4 6 8
B K ZEgKiR R/ C 29 32 35
LB G =
C 2.5 3.5 4.5
(m*-h™")

x4 EXFTWER
Table 4 Orthogonal experimental results

. N z=100m  z=500 m T3

FEoA B O SR e s/
1 1 1 1 1 0.35 0.37
2 1 2 3 2 0.59 0.32
3 1 3 2 3 0.73 0.18
4 2 1 3 3 0.46 0.42
5 2 2 2 1 0.62 0.28
6 2 3 1 2 0.72 0.16
7 3 1 2 2 0.51 0.38
8 3 2 1 3 0.63 0.24
9 3 3 3 1 0.93 0.14

K, 1.67 1.32 1.70 1.90
K, 1.8 1.84 1.86 1.82
Ky 2.07 2.38 1.98 1.82
ky0.56 0.44 0.57 0.63
ky 0.6 0.61 0.62 0.61
ky 0.69 0.79 0.66 0.6l
R 0.13 0.35 0.09 0.03

Phz=100 m +3ER 2= N H
BRI 2% 43 BT B 26 52 i Ik
F:B>A>C

Ky 0.87 1.17 0.77 0.79
K, 0.86 0.84 0.84 0.86
Ky 0.76  0.48 0.88 0.84
ko 0.29 0.39 0.26 0.26
ky 0.29 0.28 0.28 0.29
ky 0.25 0.16 0.29 0.28
R 004 0.23 0.03 0.03

PAz=500 m 38 I 25 4 i
8 B bR 94 22 2 BT I &R
HIMKIT:B>A>C

4 Hig

RS T 4l R TR i A A o A e B
FERR AL TGRS AT 5T T8 i X 2 4F s 4T T T &
B AR AR

K5 AENWER

Table 5 Results of variance analysis

LE=S 3 BEITH A H Yo7 F P B
A 0.028 2 0.013 9 19.52 0.049 BF .
ﬁ Ll z=100 m 375
B 0.187 2 0.093 6 131.69 0.007 B N
250 HARY
c 0.013 2 0.006 6 9.25 0.098 — Iy
R2E 0.001 2 0.000 7 1 0.500 —
A 0.002 2 0.001 2 2.85 0.260 -
L Ll z=500 m 3R
0.079 2 0.039 7 91.62 0.011 B N
EAEH N
C 0.002 2 0.001 0 2.38 0.295 — bRt I 22 b
R2E 0.001 2 0.000 4 1 0.500 — R
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