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Numerical Analysis on Hydro Thermal Coupling of Surrounding
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Abstract; The mechanism of freezing damage of tunnels in the cold regions is complicated. These
freezing damages are mostly related to water migration and phase transition in the soil. Based on the
theory of mixture, a joint differential equation for the hydrothermal coupling problem of cold region
tunnels considering water migration and water ice phase transition was established. The numerical
simulation of temperature field and water field coupling was carried out by further development of
COMSOL Multi-physics software, and the numerical simulation results were compared with the
results of soil column freezing experiment to verify the effectiveness of the hydrothermal coupled
numerical simulation model. Finally, taking the Milin Tunnel in Tibet Autonomous Region as an
example, the temperature field and water field were simulated and analyzed, and the temperature
field considering water migration was compared. The results show that with the increase of time, the
temperature at the top boundary of the tunnel reduces from -0.82 C to -9 C, the internal
boundary temperature of the tunnel decreases from - 0.74 C to - 11.11 C, and the tunnel
temperature rises in March; the peak of ice content appears in January, and the ice content begins to
decline in March. At the same time, the heat conduction velocity in the temperature field without
considering moisture migration is faster, which proves that the influence of latent heat of phase
transition on the distribution of temperature field in the tunnel is greater than that of liquid
convection caused by gravity migration. The research results can reflect the occurrence process of
freezing damage in the rich water tunnel in cold area, which has certain reference value.

Key words: tunnel in the cold regions; water ice phase change; moisture transfer; hydro thermal
coupling; COMSOL software
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Fig. 1 The diagram of soil column test device
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Table 2 Test upper and lower boundarys
temperature changes
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Table 3 Physical parameters

28 1B
a 2.60
m 0.20
l 0.50
t, 0.50
t, 0.02
k,/m’ 1.3E-13
p./(kg'm™) 1830
p/(kg-m™) 1 000
p./(kg-m™) 917
c/(J-kg™C™") 1 600
¢/ (J-kg™-C™) 4179
¢/ (J-kgC™h) 2052
L/(JT-kg™") 333.5E +3
A/ (Wem™-C™) 0.56
A/(Wem~hC™) 2.31
A/(Wem™C™) 1.60
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Fig. 3 Contrast diagram of temperature field change
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Table 4 Main parameters calculated by the model
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Fig.7 Tmperature field in November,December,

January, February,March, April
(a)—11 H; (b)—12 A; (¢c)—1 H;
(d)—2 H; (e)—3 H; (H—4 H.

P 00 AT 1 2 R T T B a2 PR
SRy a0 S Y PR A K TE 5 B R B [
MIIEBL T, P iR i 1 AN IRR SRS T
IKVKARAS G, AKAH AR Ry oK BE A5 S5 B AIR I
SRR B P A R R A
3 A4 A R R

2) RURAKE RIS S04, i IR B A5 53
AT SRR TE 11 H BRAE 2 /9 120 d kR IE
TOUS % ok T Ay 8 228 T e Uk 1 e 2 o 30 AR A7 A
Jri A IR, R TRV R AT LA I 8a ~ &1 8d WLER A5
2068 X SRR L 800N , 1 B I DX A AR A L A U

i [l e, (&1 8f 43 A7 il £, li T B% 16 T 12
TSR T R S IR R S L 28 R 25 vk B R K
ORISR, TR T R T 7 A % 18 11 5 ek
RREHL = Bof 20 37 e A0 Ay T U 156 BH i LR T
PR, TR A8 TOHS 340 L% 3 P 38 3 AR R
KB TR 7R % I TOUS R R 1 N SR R K B i
M 120 d A A 5.3% T 34 i 2] 180 d A Y
9. 8% , XN % 1 (R 8 T2 T A AR Y.



640 ARRXFFR(BAFFIR)

%41 %

9
8
7
6
5
4

(@

B8 11A12A1 A2AB3A4 AREKEE
Fig.8 Unfrozen water content in November,December,
January, February,March, April

(a)—11 H; (b)—12 J 5 (¢)—1 H;
(d)—2H; (e)—3H; (H)—4 A.

3) UKE R . K 9a ~ & 9d W LLE
BRI AR S UK S R T R R R R B
T RRREL BRI S /KBRS R EAS K, T
o TS UK, o AR IR R s 43 A Y 43 AT
AL TE UL H 2 H R TS A K ok T PR 3 22 7 o
Tt R R R A SR B A TR, AR ) 3 L T
LI 9a ~ 18] 9d WG Sk | 5 €0 DX Il ( [ A K &
5% ~10% ) FRLkidiv)N, i s 4% (0 X i 35Kk
B (RS E10% ~25% ), Ui X2 i %
FREEFERRAS L& vk (e e 1 A

H & 9e, &1 9f 43 #7 il £5, iy T % 1 T00S LA K
W& 3 PN A TR S 2 E 2 45 BVK Y [ A5 K e
WASTK, PRI E 7E 3 03 JF 1h 3B Y R &5 vk T

AR, TE 4 7 i bl R EE ARSI i S K
B Z BRI, f R 25 B B 25% BEARE] 15% , 1]
DA B 2 30 B A R 2 T v, RS R R ok
K — BN E B A S K. AR
TR UKAHAE FI VKA 1) VR 25 Ak B B B R i e
PR A T R

4) K EBIHRES M. 5 ik
B 2% B KR AR L, i X (16) #Ear
NG JEIK GRS BB B A | H 2% e R T A
IRIIIERS , N VKK AR

cv%t_+A[ -AAT +pcut] =Q,.  (16)

HE R SRR B N IEESHER IS
ALK R B, i Ry 3 K o A RS T
i A 10 JE A5 oK A% i BB IE TE 11
HUA 3 ARRES A& & 11 2% 18K o

T BRI R T F ik B8 37 73 1.

(e (®

B9 11A12A1A2A3A4BkHBkEE
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