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Pattern formation during solution infiltration associated with its evaporation
from the surface of porous media

Thesis Summary

The emergence of ordered structures by imeversible processes in nonequilibrium systems has
attracted significant interests of researchers. Experimental studies on nonequilibrium phenomena,
particularly those for artificial systems, have contributed to a wide range of applications. This dissertation
aims to investigate industrially important nonequilibrium phenomena that arise in solution infiltration
process into porous media. It was found that various dynamic behaviors and pattern formations are
realized in the systems in which infiltration of solution into porous media and its evaporation from the
surface simultaneously proceed to drive the system in far-from-equilibrium conditions. Through both
experimental investigations and theoretical analyses, the study links nonlinear science with industrial
applications, laying the groundwork for future developments.

Chapter 1 outlined the concept of dissipative structures from a thermodynamic point of view and
reviewed artificial non-equilibrium systems, such as reaction-diffusion systems and evaporation
systems. Additionally, discussions were made on the industrial importance of solution infiltration
processes into porous media associated with its evaporation and the significance of studying these
processes from a nonlinear science point of view.

In Chapter 2, nonlinear infiltration behaviors during wicking of binary solutions composed of
solvents having different volatility into porous media associated with their evaporation were reported.
Experimental investigations revealed that spatial heterogeneity in the solvent composition grow during
the evaporation-infiltration process, leading to bifurcation and transpositions of the wicking front. The
mechanism was examined using a pseudo-one-dimensional model based on the Richards’ equation.

In Chapter 3, it was demonstrated that the nonlinear wicking behavior observed in Chapter 2 leads
to a unique nonlinear behavior of solute migration. The effects of humidity on infiltration and solute
migration behaviors were clarified, and it became clear that steep inhomogeneity in solute solubility and
solvent polarity are grown due to the condensation of water vapor from the surrounding air.

In Chapter 4, it was reported that various solute precipitation pattems are generated during solution
infiltration into porous media associated with its evaporation. One representative such patterns,
concentric precipitation pattern, was studied in detail, by focusing on the effect of humidity. The
mechanism of this concentric pattern formation was examined using the one-dimensional fluid model
incorporating supersaturation theory. For another type of pattern, fingering precipitation pattern, the
dynamic fluid patterns observed in thin liquid films formed on the porous media induced by water
condensation was suggested to be related with its generation.

Chapter 5 summarized the findings of this study and discusses the implications of the results.




