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The large increase of speed and memory of the computer hardware is at the point that there
is the possibility to replace in the near future the wind tunnels with Navier-Stokes numerical
simulators. This was an old goal, which was partially done, by simulations in simple geometries,
for instance turbulent channels or pipes. For flows past irregular geometries in the past attempts
to use boundary fitted coordinates, had success to explain the physics of drag reducing riblets
(Orlandi, 1989, Choi et al. , 1993). There were, however, difficulties to extend the method
to very complex geometries, and to solve the elliptic equations. This was the reason why, the
interest moved to flows in orthogonal grids, simple boundaries and complex physics; until a
revolution came to treat complex boundaries by the improvements of the immersed boundary
method by Fadlun et al. (2000). Since then an explosion of this method is in progress, with
different versions differing slightly depending on the applications.

For instance the Fadlun’s version, which does not solve the Navier-Stokes equations at the points
close to the solid boundary, cannot be applied to flows in channels with rough boundaries and
constant flow rate. The modification by Leonardi & Orlandi (2004), has been successfully applied
to any kind of rough channels with periodic conditions in two directions. This method here has
been applied to several kind of flows, including those with inlet outlet boundary conditions which
are briefly listed.

a) Flow past grids of different solidity to mimic the laboratory experiments to understand the
decay of isotropic turbulence.

b) Flows past bodies close to a solid boundary, to investigate the variations on lift and drag
with the distance of the body from the wall. A 3D simulation past a rotating wheel is presented
to show the feasibility of the method to study the tire vortex dynamics.

c) Flow past flapping wings, to understand the physics of unsteady lift and drag.

d) Flow past unsteady rough surfaces, to understand whether the unsteadiness reduces or in-
crease the friction. In this case two- and three-dimensional unsteady surfaces are considered.
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