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Multi-field coupling theoretical model for artificial freezing of coastal
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Abstract: A hydro-salt-thermal-mechanical theoretical model for the influences of seepage flow on the artificial freezing
process in sand-clay stratum is derived. The influence of momentum conservation of fluid during seepage process is considered
by using the Navier-Stokes equation. The good agreement between the results from the theoretical model and laboratory tests in
the literature verifies the accuracy of the proposed model. The parametric studies are conducted to investigate the influences of
the seepage velocities on the spatial distributions of ice and salinity. It is found that the seepage weakens the freezing effects.
With the seepage velocity increases from 0 to 10 m/d, at the left and right sides of the freezing pipe, the soil displacement
decreases by 23.1 %. The range of water freezing is reduced by 37.8 %. The range of salt precipitation is reduced by 42.7 %.
The mutation position of the adsorbed salt in the upstream of the sand stratum moves by 52 % downstream, and that in the

downstream moves downstream by 32 %.
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Table 1 Physical parameters for numerical simulation!'?!
SRR (iR {2} FLAT SRR (i) i1 Hf
UGB kad 2.5X104 s'! IKUKAHAE TR A Lui 6.01 kJ*mol !
AL EY ke 1.5X10* 5! A FE4f 2 B 1X1077 kPa!
A A K R % Pt 7.8X10°6 K AR R 5L pir 2.1X104 K
TR LA R K Biw 0.6923 — TRAS K P oL 1000 kg'm?3
USRS p' 917 kg'm’ FE R AR R 8.2 J'mol K !
g P’ 1460 kg'm MY & M, 0.142 kg mol !
FNpIVALE S it Kp 1.8X1073 s! TRORH B o 1 B M 0.018 kg mol !
WK 22 Bs 1.5X104 — Il AR T Cs 850 Jkg "K'
IKINEN %S5 Ki 5.82X1073 s! PRI FTE c 2090 Jkg K
H HI7R S S KRR A Ly 73.04 kJ-mol ! 25 S ER IR c 1743 Jkg"K'
£y G A ARG A Lse 2.34 kJ*mol ! RS B 2X10* kPa !

[(1=m)p* +nS'p +nS'p +nS"p* [g=m" . (10)
i Fe NN RS w ARSI A PR
UKIES3s PPRFLBR R R R 7T o NE RN .
1.6 BAREHG

BRE TR (1) ~ (3), (5) ~ (8), (10) 1%
A COMSOL Multiphysics #E173Kfif . 145 54MFAFAE
POHRAPATIRAK . ERELRL . RS TR, DA
2 N BIL A

(puq' —J))-n=P

(P'Wyq' +jy)-n=w, Ly

[(pverd' + 6 iy)- (T =T) = A VT |-n=T ,

G.n:(?\/ o

2 IBPIGUE

454 Wang SRS A N N LRGSR IR
IRAEA SCER AR . BIRRIG W 1 o, FAA
B B —MRAME N 42 mm (A5 . BRI
RN 10°C, HEENVIMEIEEN-30C. 1E5F1K 0.4
m A E Dl R 1 AH T A RAERIESE,
BRI B RS T2 B2 1612 kg/m®, FLBRZEE N
0.33, 1% 23509 2.28 X107 m/s. BRRHEAL G D #lf1)
TR AT 45 R 56 45 BT e & 2 s AT DAE
HES o3 B &5 R S A 06 4 SR AR — 2,

} } Hfi: m
1 Wang FR9 RN LG /R EE
Fig. 1 Sketch of model tests conducted by Wang et al.['4]
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Table 2 Target parameters used in parametric studies
BiH PokPa Tp°C To°C wh, — wh  Bii/(m-d))
R y AH 30 10 — — 0,3
BW oy AH 27 13 0.005 0.005 0,5,10
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Fig. 3 Sketch of sand stratum model
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Fig. 5 Distribution of ice content along (a) D axis and (b) / axis in
sand stratum after 10 and 75 hours of freezing under

different seepage velocities
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different seepage velocities
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