1000 Island Fluid Mechanics Meeting, 2026


A Reduced-Order View of Scale Interactions in Wall Turbulence 
Bianca Viggiano1, Benjamin Minnick2 & Dennice F. Gayme3
1 Department of Mechanical Engineering, Polytechnique Montréal, Montréal, Québec, Canada
2 Naval Surface Warfare Center Carderock Division, West Bethesda, MD, USA
3 Mechanical Engineering Department, Johns Hopkins University, Baltimore, MD, USA
Scale interactions play a central role in the dynamics of wall-bounded turbulence, particularly through the modulation of small-scale fluctuations by large-scale motions. These interactions are fundamental to turbulence organization and motivate the development of reduced-order models capable of capturing key statistical features. In this work, we employ the augmented restricted nonlinear (ARNL) modeling paradigm, which decomposes the flow into large scales coupled with dynamically restricted small scales. The large-scale component consists of the streamwise-averaged mean augmented by a limited number of intermediate modes that interact nonlinearly. This large scale is dynamically coupled with small-scale, streamwise-varying modes whose nonlinear interactions are restricted to those contributing to the mean and intermediate scales. The intermediate modes are on the order of the channel height, while the small scales correspond to dissipative motions. The ARNL model has been shown to improve predictions of low-order statistics compared to standard restricted nonlinear models at higher Reynolds numbers.
An ARNL channel flow at friction Reynolds numbers 550, 1000, and 2000 shows improved outer-layer dynamics when the intermediate scale is included in the modeling scheme, although differences from fully developed turbulence remain. To quantify the contribution of small-scale energy to large scales, a Hilbert transform is applied. We find that, near the wall, strong small-scale fluctuations are often correlated with positive values of the filtered envelope. These results demonstrate the ability of the ARNL framework to capture amplitude modulation and highlight its utility for further evaluating key scale interactions.
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