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Influences of water phase change/migration factors in hydro-thermal
coupling model for unsaturated soils
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Abstract: The numerical simulation is an important technique for investigating the coupled hydro-thermal behavior of
unsaturated soils. In order to simplify calculation, the researchers often assume that water-vapor phase change is ignored during
numerical study on the hydro-thermal behavior. To study the rationality of the hydro-thermal coupling problem of simplified
calculation, based on the existing theory of hydro-thermal coupling model, which fully considers the coupling effects of heat
conduction, water-vapor phase change, temperature gradient, moisture gradient and gravity, the FreeFem-++-compiled
hydro-thermal coupling model is used to study the application and evolution characteristics of the moisture and temperature
fields. Based on the boundary conditions of groundwater level, surface evaporation, infiltration and wetting-drying in practical
slope conditions, the rationality and coupling mechanism of factors such as latent heat, gravity, water vapor motion and
permeability coefficient in the simplified calculation of coupled hydro-thermal problems are analyzed. The results show that,
under the above boundary conditions, whether the latent heat is considered or not and the value of phase change coefficient
significantly affect the distribution characteristics of the temperature field of soils, but the influences on the water migration are
insignificant. In addition, the water migration of surface soil is faster, and water content is lower with the gravity considered

and a larger permeability coefficient.
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Fig. 1 Schematic diagram of two-dimensional slopel®
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Fig. 2 Effects of latent heat of evaporation on temporal and spatial evolution characteristics of temperature
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Fig. 3 Effects of latent heat of evaporation on temporal and spatial evolution characteristics of volumetric water content
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Fig. 4 Effects of gravity on temporal and spatial evolution characteristics of temperature
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Fig. 5 Effects of gravity on temporal and spatial evolution characteristics of volumetric water content
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Fig. 6 Effects of phase change coefficient on temporal and spatial evolution characteristics of temperature
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Fig. 7 Effects of phase change coefficient on temporal and spatial evolution characteristics of volumetric water content
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Fig. 8 Effects of permeability on temporal and spatial evolution characteristics of temperature

50 ¢ 50 50
40 8 8
S a0 <
ﬁ 30 i{- i{.
B 30 53
£l = s
20 . . . . . ) 10 1 L L L L )
0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60
A /d Bl /d ) /d
(a) EAHF (b) EWABLR () TRAGFHHF
—K=1x10-5 cm/s, P - -m=04, P, -- m=0.5, P, —- m=0.6, P,
—K=1x10-5 cm/s, P, - -m=04, P, --m=0.5, P, —- m=0.6, P,
—K=1x10-5 cm/s, P --m=04, P, --m=0.5, P, —- m=0.6, P

9 BEBEREBIK AT R UHFAERR R

Fig. 9 Effects of permeability on temporal and spatial evolution characteristics of volumetric water content
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