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RANS modelling of heterogeneous roughness
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ABSTRACT

Studying the growth of boundary layers over rough surfaces and the consequent effects on skin friction and
drag is essential for applications in fluid mechanics, such as the flow over ship hulls, aircraft wings, and atmo-
spheric boundary layers. In these applications, Reynolds-Averaged Navier-Stokes (RANS) models are com-
monly employed to predict the wall shear stress and the velocity profile over rough surfaces. However, while
it is established that RANS models can accurately predict the flow over smooth or uniformly rough walls, it is
unknown, whether these models can predict the flow over step changes in roughness height. To this end, RANS
is used to model previously conducted experimental studies of boundary layers over smooth and rough surfaces
and surfaces with a streamwise step change from rough to smooth and smooth to rough. Results demonstrate
good agreement with experimental data for velocity profiles and turbulent kinetic energy, both upstream and
downstream of the transition, as well as in the region near the transition. The simulations also accurately predict
the growth of the internal boundary layer, revealing how the boundary layer adapts to the new wall boundary.
Furthermore, although the availability of experimental data for the skin friction coefficient across the rough-to-
smooth transition is limited, the simulations show consistent results with those observed in other high-fidelity
numerical studies in comparable conditions. Overall, this study reveals that RANS can accurately predict the
mean flow field and kinetic energy over spanwise heterogeneous roughness and thus provides confidence in us-
ing these models for industrial applications. Further work is needed to verify the RANS accuracy in predicting
the wall shear stress in the region near the roughness step change.


