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Abstract: To investigate the thermal evolution of surrounding rock in high-water-temperature tunnels where both

heat conduction and convective heat transfer between geothermal water and rock coexist, this study derives a
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finite difference solution for the coupled thermal-hydraulic temperature field and develops a three-dimensional
numerical model that integrates the high-temperature water-saturated rock mass with tunnel air. A parametric study
is conducted to analyze the effectiveness of grouting for water sealing and thermal insulation. Additionally, a
physical model test system for high-temperature tunnels is developed to validate the finite difference solution and
numerical results. The findings indicate that: (1) when rock permeability exceeds 5x1077 m/s, convective heat
transfer from thermal water maintains the rock at its initial high temperature; as permeability decreases, rock
temperature declines, but further reduction below 1x10~° m/s yields diminishing cooling returns. (2) Grouting
significantly reduces convective heat transfer between water and rock, thereby lowering the temperatures of both
rock and air. For rock with a permeability of 1x107¢ m/s, a grout zone with permeability two orders of magnitude
lower and a thickness of 3 m achieves more pronounced cooling. (3) Model tests demonstrate that initial
ventilation leads to rapid rock cooling, which stabilizes over time; wall temperature trends align with the finite
difference solution, and the relative errors in wall and outlet air temperatures between simulation and experiment
are within 15% and 5%, respectively. Combined grouting and enhanced ventilation are recommended for thermal
control in high-temperature tunnels. The results provide theoretical guidance for the cooling design of similar
geothermal tunnels.

Key words: tunnelling engineering; high-water-temperature; finite difference solution; three-dimensional

numerical model; physical model test; grouting-based thermal insulation
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Fig.1 Schematic diagram of ventilation for single-heading

tunnel excavation in thermal water-bearing tunnels
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Fig.2 Temperature field calculation model for surrounding

rock in thermal water-bearing tunnels
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Fig.12 Influence of grouting ring permeability coefficient on

wall temperature
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Table 2 Comparison of results from different turbulence

models with experimental data
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Table 3  Scaled model parameters for thermal water-bearing tunnel temperature field testing
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Table 4 Calculation parameters for numerical simulation of thermal water-bearing tunnel temperature field

KL /m FEBERY HESRAEIY BEESERXS VI X 5 R /m INEESE Pl YIRS, VI A
s (me=sh Wem-K)) BRI AREITE (mes " IEIC JEIC

50, 150, 250, 350, 10 4, 105, 106, 0.5, 1.5, 2.5, 3.5, 2, 10, 50, 100, 3 s 8 0.5, 1.5, 2.5, 3.5, 20, 25, 30, 40, 50, 60,
450, 550, 650 107, 108 45 200, 500 n 45, 55 35, 40 70, 80




* 3358«

A 1S TR

2025 4F

XFTBEE N ASRUESE,  EIPRREE S R A3 (A
SHNRE, AT B ) F (R~ R FUEE N 0.3~2
m/s. BE[E (EEFAT IR 2 A EAERE) BRI
SN 0.5 m/s. HE CBRESBEE BT REYE ) (TB
10003—2016)} & TR IEE M AMK T 0.15 m/s HA
R 6 m/s. HRHE LA BMLE, KREIE N O A S
7£ 0.5~5.5m/s 1.

3.5 HERMER

B 16 R T ARER GERBEE N =S EE
Bt 388 SRS ) R AR . 2 S ARIARIRE 30 Cilt
ANBEIE 5 5 il s R AR, gl ] E
BT, EEXET 3 h TRV R, R
I B R0 I e A L B 5 B

(b) VEIKBEIE
2 R I XU 8] (1) A5 4k

Fig.16 Variation of air temperature with ventilation time

K 16

I8 25 30 XU [ R, RS TE P 10 R S T
B, FEEN 6 h 5, ERKBEIE NIRRT IR

[H5151% 28 ghk/(m + s7")

1077 10°° 10°° ¢
T T T

10~

50 — — 28
| =30+2085.5% (Igk,)"”
485 g g Y 30
& a0 (R=099)
46 a e 32
44+ o 134
ol AAKIEEBE LN I
o o @ :Nhin . N o
40 0.06 - N 138 &
| v =80.65+(Igk,) \ ue
38 (R*=0.92) N e ¥
36 1 =3036+0.007h, A qes
34 (R*=0.99) T {44
32r ~2 46
301 X A 48
7 =30.43+0.001/1,(R* = 0.99)
28 ! L ! ' 50
0 100 200 300 400 500 600 700
Kk B hy/m

(a) Kk EEEE R I

KT RERBRIE, ERFREES, 2 EEAE
A 24 h JEIABIRREIRAS, MR R EE d, SR
FELE 12 h BN IR BIFEIRES . fELI 48 h (M H74:
BXJE, ERBEE P2 SR BT AR b
. DA g — DR TR B oK AT D>
B 7K i L I S R E AL I, AT B IRE
TE R P 2 SR

HEB R, BiEE R — G, W
WS EREAETRE, B 17 K400 7 Z2ME
FORE fE R R . WE 17 I, 7ER
BT IR AR, 2SR B K Sk i R BTt
B, MEREEROKE, TRRERIEYIGETE R
W, BAFRAEHEAN. bEBESERIN
Pem, SRRERESA R, JLHEBIE RGBT
1x107° nys I}, ZEAT NEE. EEEBEER
BITEGL T, AT S E S ] E BT, TR
BIEMEBARA>1077, 1x10 8 m/s)iFF, VERN 2SR
JEE 2 A PR o

IR X B35 Z B & 2% A0 ) 5 e
Bl 17(b), ZRRAUFRXBIERBRT RS BE
FEL 100 RELAP B, RS SR E B ROCRAE
W, D RRE R X BE KRB S SRR
BB o MK X R EELE 3 m Ya P S
PR BUR RE, ZERACRA T .

Bl 17(c)rn T BlE SR EREAAN O3S
XA SIRE R, 1] UG H S SRR AR
JUT-BA IR P 25 SR = A s, 150 B v K B
N e G FE 3 R ORI e B
S, MRS AEEN. SRIBEEA OSSR
TS (10 398 0 T A T ARG, 2 B G el X R AT R
A, HYNOSSREET 3.5 m/s J5,

X R LE(by—a)/m
2 4

0
33.0 T T T : : s
* I B °
325F - o N
,//" y=31<27><(bgfa)""‘”
A 7 T
wop i/ (R*=0.89) 4315
Vi g\)
IS o
315 AN 432.0 g
P g
! A y= 32.93x(kr/kg)—o.m ¢
S I {325
LA
A
wsph 0 A N
= I I I L L 1 1 1 1 1 1 335
—=50 0 50 100 150 200 250 300 350 400 450 500 550

VEH X 1515 R Ak,
(b) VERIX VBB RM S AR



a4l FH12M MR A SR e /K L % 18 R 37 AR AR By 2R K BB R 4 #r « 3359 «
ARGy p/(m + 571 VI B R C
0 1 2 3 4 5 6 4
40 T T T —— 30 45.0 .0 5.0 6.0 7.0 8.0 17.5
o .oy @ ° .

o//_,.—""' AA 4251 A A RIEH y= 52»3'_3+0~91Ta AT 20.0

38 /./'/ A . 432 400F o ® H¥H (R"=10.99) \/,//,Q 42255

s ‘y: 32.26% (vim) """ 3151 y=L41+0.98TY AT 1250
ol . (R*=0.92) w0 30 (1?2:0.99)\&,:”/./‘o 4275
E y=seiaken™  AA ki | HOERSE gooooe-ofl o, 00K
f (R*=0.97) o ® it T F300F et SOV 1325 &
H34r 136 W 275k A 1‘:‘-‘“’ -A 350 ®

: g ¥ =29240.031 :

328p--Ayoom- Aoy A A------- A--- 50F T s (R*=0.98) 4375

: 2 Y y
2r Y 32‘8y= 307 138 25+ L y=27.2+0.097™ 40.0
. o 2_
ET] S N— R N oS o _ 200 F (R=099)  Jar5
30 1 1 1 1 40 17.5 1 1 1 1 1 45.0
0 1 2 3 4 5 20 25 30 35 40

HlG FHARBA/W + (m - K) )
(¢) BlE SHAKMA L Z S

Wtk ST C
(d) BIHRZ AN A R

K17 S[R30t g i A 2 =l P R S

Fig.17

[N o e P i ) IPNVABE S RN A RERSE S
1B

ME 17(d) AT LU #0462 Ul B T
5°C, mARENZTREBMM LTS C, X
BRIa6 7S SR AEAR KA B kg 1 I8 KUARSE Ja 1
POPERIRES . BLE R AR TR X 25 IR R i DU A
XN, REKNS, BEAnRE T = 10 C, =
RURE ETHA 1°C, R HI g BEA AR
R AR L A RE T o

MEL 17 ATELRES Y, AR R 5 2 TR
ISR R AT LLER B B RAR LRSS &R, Hrh 2
LMER A BER O ACkRE. BESRE, =
SHHRIEREL . BLEVIIGIRE; 2R R RIPR
5. BEEBERE. ERXEERE. ERXE
L NEAT SR

4 mKEREREHRBAE RS
Wb B B A

RERRE

S. 1. Chen %0 T A HHIAHE S T Kb
LS5 R 5 SR MU U R P T %
BHIOHBIELR, EEHN 3%, QREIUTSH,
WRBYRETEY, RHLES.

4.1

Influence of different factors on tunnel air temperature

®5 R AR
Table 5 Model test similarity ratios
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Table 6 Parameters for similarity verification
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Fig.20 Display picture of model test system
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