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1. Porous media
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Auxiliary problem:





Auxiliary problem:

equivalent to:



Same result as Whitaker’s for the steady case:

Same result as Lasseux et al. (JFM 2019) for the case of unsteady flows in porous media.



2. Flow over rough surfaces
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Choice for the adjoint
boundary conditions at
the outer edge of the RVE:



and similarly for 



First attempt:

Flow in a channel, lower transitionally rough regime:            0



DNS by Lacis, Sudhakar & Bagheri (2018)

slip, no wall transpiration

smooth



The transpiration velocity

Linearity shows that exists, such that:

Then: 



The transpiration velocity

:



The transpiration velocity



The transpiration velocity



perfect agreement between the model and the feature-
resolving DNS, in the lower transitionally rough regime



Upper transitionally rough regime

Orlandi & Leonardi (2006)



feature-resolving DNS 
Orlandi & Leonardi

slip

slip plus transpiration



PERSPECTIVES

1. Can treat unsteady and turbulent flows in porous media
2. Can treat flow past rough walls (and interfaces, for example

between a clear fluid region and a porous layer) 

we can now parametrize any (sufficiently regular) 
rough wall with L and M and use such tensors to 
correlate the roughness pattern and amplitude to 
the roughness function. 

This opens further perspectives for wall-control and 
optimization purposes, also using deformable, 
surface-based micro-actuators.




