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1. Introduction

A motivation:



1985 2002









Free boundaries at the micro scale: semiconductors.

Mock (1972), Markowitch (1986), Friedman (1988), 
Markowich, Ringofer, Schmeiser (1990), Díaz, Galiano, 
Jüngel (1999), ...

http://www.mf.mpg.de/en/abteilungen/ruehle/pages/MeCe_Re3_e_f.html


Different point of view: 

Is it possible to show (rigourously) the existence of some free 
boundary arising at the macroscopic scale but not arising at the 
microscopic scale?
Some similar philosophy (but not exactly the same) in many 
other contexts:

Approximate problem (without free boundary) / Límit problem 
(with a free boundary)

•Obstacle problem (Approximate problem = penalisation)

•Cavitation in hidrodynamic lubrication (Approximate problem 
= aproximation of the Heaviside function)

•Porous media equation and/or NonNewtonian flows 
(Approximate problem = uniformly parabolic equations)

Question:  the scale as an approximating argument ?



Plan:

2. A model problem arising in Chemical Engineering and a 
mathematical tool: homogenization.

3. Model problem: effective chemical reactions. 
Convergence.

4. Macroscopic “dead core” versus microscopic strictly 
positive solutions.

5. An isoperimetric inequality for the (macroscopic) dead 
core.

6. Effectiveness as cost fonctional in optimal and 
controllability shape design problems.



Incompressible flow of a fluid reacting with the exterior of 
many packed solid particles: Absorption and adsorption 
phenomena in beds or towers.    Of relevance in Chemical 
Engineering (separation, chemical industry, etc).

2. A model problem arising in Chemical Engineering and a 
mathematical tool: homogenization.







Homogenization: process related to the overall modelling in presence of a 
double spatial scale

Sánchez-Palencia, Bensoussan-Lions-Papanicolau,...

Many availible convergence methods, variants, applications, 
…





C. Conca, J.I. Díaz, A. Liñan and C. Timofte, Homogenization in 
Chemical Reactive Flows through Porous Media, Electr. J. Diff. Eqns. 
2004, 1-22.

3. Model problem: effective chemical reactions. Convergence.











4. Macroscopic “dead core” versus microscopic strictly 
positive solutions.

In order to study the formation of the interface given by the boundary 
of the support (the boundary of the “dead core”) we assume











5. An isoperimetric inequality for the (macroscopic) dead 
core.
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6. Effectiveness as cost fonctional in optimal and controllability 
shape design problems.









A different study can be made by using the microscale data.

*separation among the holes

*size and shape of the obstacles



Evolution problem (coupled with an ODE)

Many variants are possible:

Microscopic Signorini boundary conditions, Reactions at the 
interior of the cell, quasilinear equations, …, systems (fluid 
transport terms), …

Controlling the macroscopic behavior by acting at the microscopic 
scale

Thanks for your attention

Think globally and act locally
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