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Two different problems in Fluid Mechanics in perforated 
domains or porous media.

Problem 1. Compressible flow of an ideal gas through a 
porous media: A mathematical derivation of the Darcy's law.    
Of relevance in oil reservoirs, agriculture, soil infiltration, etc.        

A common aspect: the porous media. Some examples:



Problem 2. 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).





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

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

Many availible methods









Pb1. A mathematical derivation of the Darcy's law.

H. Darcy: Les fontaines publiques de la ville de Dijon. 
Dalmont. Paris. 1856.

Empiric Law: "in the flow of a liquid through a porous medium 
the velocity is proportional to the gradient of the pressure".

Very useful since instead of 4 unknowns (if N=3: u and p) we 
pass to an scalar problem (we do not need the conservation of 
the momentum for u, but only the conservation of the mass ⇒
scalar second order pde for p)



First mathematical proof by L. Tartar, in 1980, by using     
homogeneization techniques. 

Important remark: (motivation)

Tartar's proof deals merely with stationary incompressible fluids 
⇒ the conservation of the mass is

so Darcy's law leads to

and so there is no mathematical derivation of the so called 
Porous Media Equation

(very large literature in the Theory of Nonlinear PDEs).



Even if the regime is time depending, a direct application 
of the Darcy's law for an incompressible fluid never ends in 
the Porous Media Equation (the conservation of the mass is 
always a stationary equation for a incompressible fluid).

Main goal of this part: " To find a mathematical 
derivation of the Darcy's law for the compressible flow of 
an ideal gas through a porous media (≡Problem 1), 
justifying the (PME)".



















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.

Pb2. Effective chemical reactions









Evolution problem, 

C. Conca, J.I. Díaz, C. Timofte
Effective Chemical Process in Porous Media
Mathematical Models and Methods in Applied Sciences, 13, 2003, 

1437-1462

Free boundary, ...,

Last remarks:
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