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We have established global existence of a solution to the free boundary
problem describing a relationship between the degree of saturation and relative humidity in porous
media. By applying this result, we have proved convergence to a steady solution, existence of a
periodic solution, and a continuity of solutions of the free boundary problem with varying boundary
data by some parameter. Furthermore, we can get a solution, locally in time, of a multi-scale model
corresponding to mass conservation law of water in porous media.

Also, we generalized the model describing the relationship by the ordinary differential equation
and proved existence of a solution to an optimal control problem. Moreover, we have proposed a new
free boundary problem for swelling phenomena in porous media and obtained its local solution in
time.
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