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Turbulent  boundary  layers  over smooth  or  rough  walls  have  been  largely  studied  in  many  experimental  and 
numerical investigations. In contrast, despite their importance in many engineering applications, turbulent flows 
over permeable walls have received much less attention. Such flows are commonly considered as equivalent to 
standard  (i.e.  impermeable)  rough  wall  turbulent  boundary  layers.  However,  there  is  a  substantial  difference 
between flows over an impermeable and a permeable wall. In the first case, the no-slip condition applies to the solid 
surface whereas in the second case the flow is able to penetrate the wall and interact with the interstitial fluid. This 
results in a finite slip velocity at the wall surface and in a flow process for which there is mass, momentum and 
energy exchange between the surface and the sub-surface flow (Breugem et al. 2006, Zagni and Smith 1976). The 
effects of such exchange processes on the structure of turbulent boundary layers is far from being understood. This 
stimulated the authors to carry out a series of laboratory experiments dedicated to this subject. Experiments were 
carried out in a large-scale water flume and  open cell polyurethane foam was used as the permeable material. 
Velocity time series over foam panels were measured by means of a two components Laser Doppler Anemometer 
(LDA) and flow conditions were varied extensively. A smooth wall experiment was also performed for comparison 
of velocity statistics.
The data obtained from the experiments have been analyzed in order to investigate the effects of permeability on 
the properties of small-scale turbulence, with particular focus on anisotropy and intermittency. These results are 
then put in a broader context associated to general scaling issues in turbulent boundary layers over permeable walls. 
These include: i) assessing the existence of a logarithmic-overlap layer ii) testing the validity of the Townsend 
hypothesis for the outer flow statistics; iii) investigating the inner-outer layer interaction.
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