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transonic flows via Manifold Learning
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Many important aerodynamic engineering applications such as design, optimization,
or aero-loads prediction require a large number of solutions to the compressible Navier-
Stokes equations at varying aerodynamic conditions. As a consequence, very fast, yet
sufficiently accurate Reduced Order Models (ROMs) are sought after.

A powerful tool for the order reduction of large-scale systems is Proper Orthogonal
Decomposition (POD). Even though applicable to nonlinear problems, the main drawback
of POD is the underlying assumption that the flow solutions lie in (or at least close to)
a low-dimensional linear subspace spanned by preselected full-order CFD flow snapshots.
Therefore, highly nonlinear features such as shocks are often insufficiently reproduced.

In this talk, we will present ROMs, which feature an improved shock prediction behav-
ior. To this end, we replace the linear order reduction technique of POD by the nonlinear
manifold learning method Isomap.

Manifold learning methods are widely used in the field of data and image processing.
Here, the basic assumption is that the full-order data lie on a nonlinear manifold of low
dimension. The transfer to fluid flow problems, however, poses several challenges:
(1) In the context of data analysis, only the mapping from the high-dimensional snapshot
space to a low-dimensional representation is of interest, yet ROMs of the Navier-Stokes
equations are required to deliver approximate flow solution of the same type and dimension
as the full-order CFD solver. Hence, the inverse mapping (low-dimensional space to high-
dimensional space) becomes essential.
(2) For data analysis applications, there is usually a vast amount of full-order input
data. In contrast, when constructing CFD ROMs, it is tried to compute as few full-order
solutions as possible due to the high cost of computing a single CFD solution.

In the talk, we will tackle the above challenges. As a numerical test case, the flow
around the LANN airfoil in the transonic flow regime under variations of the angle of
incidence and the Mach number is considered.
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Strömungstechnik, Lilienthalplatz 7, 38108 Braunschweig,
thomas.franz@dlr.de

2 TU Braunschweig, Institute Computational Mathematics, Fallersleber-Tor-Wall 23, 38100 Braun-
schweig,
ralf.zimmermann@tu-bs.de

3 Deutsches Zentrum für Luft- und Raumfahrt (DLR), Institut für Aerodynamik und
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