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ABSTRACT

Turbulent flows over rough surfaces can be encoun-
tered in a wide range of engineering applications. De-
spite progress made after several decades of studies,
the prediction of the drag and turbulent intensities
from the geometrical parameters of the surface re-
mains an open question. In a recent paper, Bruno et
al. (2024), we performed Direct Numerical Simula-
tions of 15 rough walls with different shapes but simi-
lar Effective Slope, skewness, and kurtosis. We found
that the drag does not scale well with any of these ge-
ometrical parameters. In fact, we observed through
flow visualizations that the solid portion of the rough
walls should be weighted differently according to its
positions. For example, roughness elements in the
wake of large pinnacles have negligible contributions
to the drag and should not be included in the calcu-
lation of geometrical statistics of the surface to pre-
dict the drag. To account for this effect, their size
and pattern we introduced the Effective Distribution
by subtracting to the Effective Slope the contribution
of roughness elements located in the wake region and
adding the contribution of pinnacles above the crest
plane. The Effective Distribution correlates quite well
both with the drag and the roughness function for a
wide range of cases having different mean roughness

height, skewness and kurtosis. To further validate the
ED, and assessing how it can be generalized to real
rough wall, an irregular wall made from the superpo-
sition of random sinusoidal function was considered.
Results were consistent with the correlation here pre-
sented. At the conference we will further extend this
findings by analyzing the turbulent intensities (Fig.1)
and assessing how they scale with the Effective Slope,
skewness, and kurtosis and how the new parameter,
Effective Distribution correlate well with their maxi-
mum intensity.

Figure 1: Color contours of the root mean square of the
streamwise velocity for two different rough walls.
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