SEMINARS ON MACHINE LEARNING FOR FLUID DYNAMICS

Politecnico di Torino
Department of Mechanical and Aerospace Engineering (DIMEAS)

-
Title:

Nonlinear manifold learning of chaotic shear flows: the fluidic pinball configuration.
Alessandro Della Pia, Dimitrios Patsatzis, Lucia Russo and Costantinos Siettos.

\_

Host: Dr. Antonio Colanera & Prof. Luca Magri

Presenter: Alessandro Della Pia Affiliation: Scuola Superiore Meridionale
Date: Friday, 19 July 2024 Venue: Sala C. Ferraris Time: 15:15 - 16:00

\_

3

- T . (
: —1 i’
ﬁ.(wmﬁw;j)vkgk "’h"i_ “Win w.‘f

Ambient .,_/ -\k,.
space ! ’ !

\ k(Win, wp')
Ri\\'

%
b .

DMs
space

Double DMs T N—— !
space v * J e
P QL' v(ll;l) k(’(fl,,”’l,b}l)v;;ﬂ‘gl V(um)

\

-
Abstract

.
Keywords:

Manifold learning, chaotic shear flows, direct numerical simulation,

diffusion maps.

N

A parsimonious nonlinear manifold learning algorithm based on Diflusion
Maps (DMs) is presented and employed to identify the low-dimensional
manifold embedding the fluidic pinball dynamics. Two-dimensional direct
numerical simulations of the incompressible Navier—Stokes equations are
first performed to compute the viscous wake flow behind the fluidic pinball
by varying the Reynolds number Re. Five different flow regimes are consid-
ered, spanning from steady symmetric (Re < 18) to fully chaotic (Re > 115)
conditions. In the first step of the Diffusion Maps embedding, the minimum
set of DMs reduced coordinates (eigenvectors) necessary to represent the
How dynamics in all the regimes is found by projecting the high-dimensional
simulation data into the reduced low-dimensional space (restriction opera-
tion). The nonlinear manifold lying in the state-space spanned by the three
leading DMs coordinates 1s thus obtained by varying the Reynolds number
Re, and its shape discussed in connection with the different physical mech-
anisms at play across all the flow regimes. Then, the time series embedded
into the manifold are lifted back to the original space by means of Geometric
Harmonics (lifting operation), such as to evaluate the reconstruction error
between the “ground truth” solution (i.e. high-fidelity simulation data) and
the DMs “reconstruction”. The performance of the DMs- based reconstruc-
tion is finally compared with a counterpart linear technique based on the
Proper Orthogonal Decomposition (POD), which shows the superiority of
the proposed approach in parsimoniously representing the nonlinear dynam-
ics up to the chaotic regime. This work demonstrates that Diffusion Maps
are a promising tool to identity a fully data-driven parsimonious reduced
order surrogate model across all the flow regimes exhibited by the fluidic
pinball configuration.
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