ERC Advanced Grant MesoComp
Order at the mesoscale: Connecting supercomputing of compressible convection with
classical and quantum machine learning
Expected Start: January 2023
Open positions: 2 PhD students (3 years) and 2 Postdocs (2 years)

What are the scientific objectives of the project?

The project MesoComp will improve our fundamental understanding of the dynamics and origin of
superstructures – an order at the intermediate mesoscale – in highly turbulent flows in nature, such
as in solar or atmospheric convection. It will also advance their efficient reduced-order modeling by
classical machine learning and timely application of novel quantum algorithms in classical turbulence.
The project aims at
§ conducting direct numerical simulations of turbulent superstructures in compressible mesoscale
convection as the essential link between dynamics at larger and smaller scales in important
applications,
§ understanding the impact of superstructures on intermittency, universality and extreme events at
the smallest scales of turbulence and parametrizing the resulting complex feedback,
§ developing data-driven scalable models of reduced dimension, based on machine and quantum
machine learning, to summarize the dynamics and fluctuations of turbulent transport to supermesoscales,
§ designing generative machine learning algorithms for a scalable small-scale parametrization by
synthetic fields that represent the highly intermittent and fluctuating dynamics at sub-mesoscales.
MesoComp will elucidate the dynamical origins, scale and lifetime of the order at mesoscales of
convection and perform a detailed analysis of the yet unexplored small-scale intermittency in
compressible convection. The project comprises a first-time implementation of quantum machine
learning algorithms to model turbulent flows.

Applications
Applicants should have a strong background in one or several of the following disciplines: fluid
mechanics, particularly turbulent flows, theoretical physics, machine learning, applied mathematics.
Programming skills (e.g., Fortran, MPI/OpenMP, Python) and basic knowledge in quantum computing
are welcomed. An introduction into quantum computing, quantum simulators, and machine learning
will be part of the training. The project runs for a total of 5 years.
Applications including a CV, a publication list, and reference letter(s) should be sent by email directly
to the head of the Fluid Mechanics Group at TU Ilmenau, Prof. Jörg Schumacher.
joerg.schumacher@tu-ilmenau.de
Further information on our group and the Institute of Thermodynamics and Fluid Mechanics is also
available at the group’s webpage
https://www.tu-ilmenau.de/tsm

