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Reynolds number driven by horizontal bottom wall oscillation

Marten Klein Heiko Schmidt

Chair of Numerical Fluid and Gas Dynamics, BTU, Cottbus, Germany

EMS Annual Meeting, 4 — 9 September 2022, Bonn, Germany

Brandenburg
U University of Technology
Cottbus - Senftenberg



Rotating—oscillating boundary layers

» Oscillatory mean pressure gradients
» Oscillatory wind shear at sea surface

» Tidal flows in the atmosphere and ocean
e.g. estuarine flows

NASA Earth Observatory, Thames river estuary
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Ekman—Stokes boundary layer (ESBL) reference experiment |

Boundary-layer resonance manifests itself by an ‘eruption’ of _ — oo for w — f.
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Ekman—Stokes boundary layer (ESBL) reference experiment Il

boundary layer resonance (‘eruption’)
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Horizontal velocities from a ‘one-dimensional turbulence’ (ODT) model
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Spatio-temporal evolution of turbulence indicators

50 DNS: Bradshaw number B < 1

between ODT and DNS.
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Summary

» ‘One-dimensional turbulence’ (ODT) is a physics-based stochastic turbulence
model that aims to resolve all relevant scales in a reduced dimensional setting.

» ODT has predictive and regime-spanning modeling capabilities.

» Some relevant transient and finite-Re effects in oscillatory Ekman boundary
layers are captured.

» Laminar—turbulent transitions are not fully captured. The model prefers fully
developed turbulence yielding a lower tendency for laminarization.

» Utilization of ODT as advanced SGS (wall) model may nevertheless improve
the bulk—surface coupling at affordable cost.
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