
Effective Description of Superstructures in Turbulent Convection and
Simple Turbulent Shear Flows

Turbulent superstructures in Rayleigh-
Bénard convection at Ra = 108. The
visualization shows the temperature field
in the midplane1.

Turbulent flows are ubiquitous in nature and
often show a surprising large-scale order, even
though turbulence is associated with small-scale
fluctuations and chaotic, irregular motion. These
large-scale structures in presence of turbulent
fluctuations are one manifestation of turbulent
superstructures. Turbulent superstructures occur
in a range of prototypical flows, including wall-
bounded2 and shear-driven flows as well as in con-
vective flows3–6. Developing a predictive theory of
large-scale flow patterns in the turbulent regime
leaves many open challenges.

The overarching objective of our research is
to establish an effective description of turbulent
superstructures in a data-driven theoretical ap-
proach. Through extensive DNS investigations,
our work from the first funding period has given
detailed insights into the role of turbulent fluctu-
ations and boundary layers on the emergence of

large-scale flow structures in Rayleigh-Bénard convection1. These computational stud-
ies were complemented by analytical investigations of a reduced-order model7, based on
which we were able to analytically investigate, for example, the increase of superstruc-
ture size with Rayleigh number. In the second funding period, we plan to combine these
two complementary approaches. In particular, we will investigate how to systematically
connect a coarse-grained description of turbulent convection to reduced-order models.

We additionally aim for identifying potential universal features of turbulent super-
structures. To this end, we will investigate turbulent Kolmogorov flow as a prototypical
example for a simple shear flow. An analysis of the energetics of the system will provide in-
sights in the role of turbulent fluctuations for the emergence of turbulent superstructures.
Building on collaborations within the SPP 1881, we also plan to extend these investi-
gations to a variety of flows such as (atmospheric) boundary layer flows8 and turbulent
Taylor-Couette flow9.
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[6] C. Kästner, C. Resagk, J. Westphalen, M. Junghähnel, C. Cierpka, and J. Schumacher. Exp. Fluids,
59(11), 2018.

[7] G. Ibbeken, G. Green, and M. Wilczek. Phys. Rev. Lett., 123(11):114501, 2019.

[8] K. Fodor, J. P. Mellado, and M. Wilczek. Boundary-Layer Meteorol., 172(3):371–396, 2019.

[9] J. M. Lopez, D. Feldmann, M. Rampp, A. Vela-Martin, L. Shi, and M. Avila. arXiv preprint
arXiv:1908.00587, 2019.

1

https://arxiv.org/abs/1905.10278
https://doi.org/10.1126/science.1188765
https://doi.org/10.1103/PhysRevLett.91.064501
https://doi.org/10.1038/s41467-018-04478-0
https://link.aps.org/doi/10.1103/PhysRevFluids.3.041501
https://doi.org/10.1007/s00348-018-2626-9
https://link.aps.org/doi/10.1103/PhysRevLett.123.114501
https://doi.org/10.1007/s10546-019-00454-3
http://arxiv.org/abs/1908.00587
http://arxiv.org/abs/1908.00587

