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Abstract 

• Ground-heat transfer is tightly coupled with soil-moisture transfer. 
The coupling is threefold: heat is transferred by thermal conduction 
and by moisture transfer; the thermal properties of soil are strong 
functions of the moisture content; and moisture phase change 
includes latent heat effects and changes in thermal and hydraulic 
properties.  
 



Materials and methods 

• The heat and mass transfer equations developed in this work follow 
an approach based on physical models of the processes that occur in 
the unsaturated soil. We choose a horizon in the underground and set 
different temperature of each end, and simulated the temperature, 
conductivity and other characteristics along this line. 
 



Description of the model 
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Moisture transfer equation 

• Moisture transfer is evaluated by considering two mechanisms for 
water migration: liquid movement under potential (𝜓𝜓) gradients 
(Darcy’s law), diffusion of vapor in the air contained in the pores 
under concentration (𝐶𝐶𝑣𝑣) gradients (Fick’s law) 



Water movement 

• This water movement influences the volumetric water content (or 
wetness), q (m3 w/m3), of a soil region. Water content (q) and vapor 
concentration (𝐶𝐶𝑣𝑣) can be related to potential (𝜓𝜓) and temperature 
(T) for specific soils. So application of the continuity principle on the 
water flux, 𝐹𝐹𝑤𝑤  (kg/m2s), from these mechanisms and grouping of the 
resulting terms in capacity and diffusion coefficients yield an equation 
of the form: 

• 𝜌𝜌𝑤𝑤
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

=𝐶𝐶𝑇𝑇𝑤𝑤
𝜕𝜕𝑇𝑇
𝜕𝜕𝜕𝜕

+𝐶𝐶𝜓𝜓𝑤𝑤
𝜕𝜕𝜓𝜓
𝜕𝜕𝜕𝜕

=-𝛻𝛻.𝐹𝐹𝑤𝑤=𝛻𝛻.[𝐷𝐷𝜓𝜓𝑤𝑤𝛻𝛻𝜓𝜓 + 𝐷𝐷𝑇𝑇𝑤𝑤𝛻𝛻𝑇𝑇] 

 
 



Vapor movement 

• Another potentially important quantity for coupling soil models is the 
vapor content of the air contained in the pores. Since the vapor and 
liquid phases of water in the pores should be in equilibrium, the 
relative humidity (RH) of this pore air is: 

• RH=𝑷𝑷𝒗𝒗
𝑷𝑷𝒗𝒗𝒗𝒗

= 𝑪𝑪𝒗𝒗
𝑪𝑪𝒗𝒗𝒗𝒗

= exp ( 𝝍𝝍
𝐑𝐑𝐑𝐑

) 

• 𝐶𝐶𝑇𝑇𝑣𝑣
𝜕𝜕𝑇𝑇
𝜕𝜕𝜕𝜕

+𝐶𝐶𝜓𝜓𝑣𝑣
𝜕𝜕𝜓𝜓
𝜕𝜕𝜕𝜕

=𝛻𝛻.[𝐷𝐷𝜓𝜓𝑣𝑣𝛻𝛻𝜓𝜓 + 𝐷𝐷𝑇𝑇𝑣𝑣𝛻𝛻𝑇𝑇] 

 



Heat transfer equation 

• Analysis of soil physics generally considers only thermal energy. 

• 𝐶𝐶𝑇𝑇𝜓𝜓
𝜕𝜕𝜓𝜓
𝜕𝜕𝜕𝜕

+ 𝐶𝐶𝑇𝑇𝑇𝑇
𝜕𝜕𝑇𝑇
𝜕𝜕𝜕𝜕

= 𝜕𝜕
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Governing equations 

• 𝐶𝐶𝜓𝜓𝜓𝜓
𝜕𝜕𝜓𝜓
𝜕𝜕𝜕𝜕

+ 𝐶𝐶𝜓𝜓𝑇𝑇
𝜕𝜕𝑇𝑇
𝜕𝜕𝜕𝜕

= 𝛻𝛻.[𝐷𝐷𝜓𝜓𝑚𝑚𝛻𝛻𝜓𝜓 + 𝐷𝐷𝑇𝑇𝑚𝑚𝛻𝛻𝑇𝑇] 
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Description of the experiment 

• Measured with different parameter 
• The initial condition is that the matric potential is -0.28, the 

temperature of the left end is 60 degree and the right end is 20 
degree. The length of the horizon is 0.1m, the porosity is 0.4. 
Measured the first 2000 seconds and change the temperature of the 
left end to 80 degree and repeat the works above, the results is in the 
follows: 
 



Temperature distribution on the horizon 

60 degree 80 degree 



capillary pressure distribution of the horizon 



Water flux 



Vapor flux 



hydraulic conductivity distribution 



Conclusion 

• In this paper, a coupled water and heat transport model is developed 
to represent physical processes in unsaturated soil. Different 
parameters are concerned with this model. Therefore, a sensitivity 
analysis would help identifying the main processes responsible for the 
observed discrepancies. We have demonstrated the importance of 
the different temperature to the moisture transfer and the change of 
capillary potential. The bigger difference of temperature between the 
two ends, the moisture transfer will be more active. 
 



• Question? 
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