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DNS (Direct Numerical Simulations) of flows in channels are presented to
demonstrate that the wall-normal Reynolds stress is a fundamental quantity
to assess when the flow past smooth and rough surfaces becomes turbulent.
In this paper, it is demonstrated that only when ũ2

+|w (ũ2 = 〈u′2
2 〉

1/2, +
indicates wall units and w the value at the plane of the crest of the rough-
ness elements) is greater than the threshold value of 0.6 there is a transition
from a laminar to a turbulent regime. This statement has been checked by
changing the shape, the density and the distribution of solid obstacles. For
fully turbulent channel the proportionality between ũ2

2+|w, and the rough-
ness function, obtained in DNS and experiments allows to derive a simple
expression for the velocity profile in the log region. From this expression a
new kind of Moody diagram, useful in the prediction of friction factors of
rough flows at high Reynolds numbers, is proposed. It has been also checked
that in the turbulence closure based on the Spalart-Almaras model for flow
over rough surfaces the νT |w ≈ ũ2

4+|w obtained by the present data can be
useful. The analysis has been also extended to rough flows inside circular
pipes. Analogies and differences have been exploited for the equal shape form
of the roughness surfaces.

The influence of rough surfaces on the heat transfer has been also inves-
tigated by simulating also the interaction with the thermal field inside the
solid wall. Results will be also presented for natural convection flows gener-
ated by heated surfaces of complex shape. To have insight on the physics of
heat transfer the impact of high temperature vortex rings and vortex dipoles
with complex surfaces will be simulated.
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