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In the first half of the second year, we are also happy that there are
some more scientific publications:


and the resume of project’s
secondments in Bordeaux, France
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Model Order Reduction for
simulations on deforming domains

3



The DGDD Method for Reduced-Order Modeling of
Conservation Laws by Sébastien Riffaud, Michel Bergmann,
Charbel Farhat, Sebastian Grimberg, Angelo Iollo, Journal of
Computational Physics - DOI : 10.1016/j.jcp.2021.110336



ADER scheme for incompressible Navier-Stokes equations on
Overset grids with a compact transmission condition by Michel
Bergmann, Michele Giuliano Carlino, Angelo Iollo, Haysam
Telib - https://hal.inria.fr/hal-03263417

Reduced Order Models for
Interactive Aerodynamic Vehicle
Design

ARIA aims to form an international
and intersectoral network of
organizations working on a joint
research program in numerical
modelling, specifically in the fields
of model reduction and
convergence between data and
models.

Hierarchical Model Reduction Techniques for Flow Modeling in
a Parametrized Setting by Matteo Zancanaro, Francesco
Ballarin, Simona Perotto, Gianluigi Rozza, Multiscale Modeling
and Simulation: A SIAM Interdisciplinary Journal - DOI :

Our papers are available for download at the project website:
https://project.inria.fr/aria/publications/
We organized the 1st online free seminar open to public on 12 May
2021 with a success. The 2nd online seminar was on 21 September 2021
focusing on one of the projects’ test cases, Ahmed Body by
Volkswagen.
The next issue will be published in February 2022 in which we will report
results from our secondments that have been resumed after the
sanitary crises, selecting highlights on the major research results.

The project has received funding from the European Union’s Horizon 2020 research and innovation
programme under the Marie Sklodowska-Curie grant No 872442
http://rise-aria.eu

| Twitter: @aria_H2020 | aria-contact@inria.fr
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ARIA’S 1st Online Seminar – 12 May 2021
The first online seminar of ARIA project focused on the analysis of stability
and accuracy of ROMs for LES of convection dominated laminar and
transient flows.

ARIA is a Horizon 2020
project under the
programme Marie
Sklodowska-Curie
Actions - Re-search and
Innovation Staff
Exchange (RISE) for
boosting the carrier
perspectives of
researchers through
staff exchange.

Tutorials of this seminar:
https://project.inria.fr/aria/dis
semination/trainingmaterials/aria-seminar-12may-2021/

The talks were given by scientists and experts in the domain such as Traian
Iliescu from Virginia Tech who talked about the Eddy Simulation Reduced
Order Models. In his talk, he surveyed his group's efforts over the last
decade to develop a large eddy simulation reduced order modeling (LESROM) framework for the numerical simulation of turbulent flows. Gianluigi
Rozza from SISSA gave an in-depth speech on Closure Models for
Reduced Order Methods in Turbulent Flows using a Deep Learning
Approach while Samuele Rubino from University of Seville talked about the
treatment of instabilities due to advection-dominance in POD solution to
advection-diffusion-reaction equations. Samuele’s colleague, Enrique
Delgado Ávila (University of Seville) contributed to this seminar with a talk
on Reduced Basis approximation for LES models.

ARIA’S 2nd Online Seminar – 21 September 2021

The four case studies to be
implemented in ARIA:

Nurea - a test case on




vascular disease problem
VW – a test case on Ahmed
body problem
Valorem – a test case on
wind engineering problem
Virtualmech – a test case on
heat transfer problem

The purpose of the 2nd online seminar was to bring ideas on one of the
projects’ test cases, Ahmed Body by Volkswagen. The seminar started with
the talk on Reduced Order Models for Interactive Aerodynamic Vehicle
Design by Carsten Othmer and Markus Mrosek from Volkswagen. Haysam
Telib from Optimad, another industrial partner in ARIA gave a talk on
Challenges for Reduced Order Models and Machine Learning for highdimensional aerodynamic problems. Inria Bordeaux contributed two talks
on: A discretize-then-map approach for the treatment of parameterized
geometries in model order reduction by Tommaso Taddei and Mapping of
coherent structures in parameterized flows by learning optimal
transportation with Gaussian models by Angelo Iollo.

Tutorials of this seminar:
https://project.inria.fr/aria/di
ssemination/trainingmaterials/aria-seminar-21september-2021/
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Meeting at Inria (10 September 2021) and the resume of
project’s secondments
The global pandemic has been an unfortunate consequence of the COVID-19 outbreak, which has had
significant impact on our project. However, thanks to virtual communication, such as online meetings, the
progress of the project has not been seriously deprived and the productive work could still continue.
In September 2021, the secondments of the projects have been resumed. Five beneficiaries including
ESTECO, IEFLUIDS, University of Seville, OPTIMAD and University of Torino have come to Inria Bordeaux to
work together on various tasks under ARIA project. The physical meeting amongst these teams on 10
September 2021 included topics on sampling, mapping and aneurism. It was such a nice occasion to have
face to face meetings and work together on-site again. Furthermore, there has been another secondment
from Nurea (France) to University of Milano (Italy) to work on WP4 - Industrial clinic applications. These
secondments will last for 1-3 months. The summary report will be announced after the end of secondments.

Photos of the meeting at Inria Bordeaux, 10 September 2021
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Model Order Reduction for simulations on deforming domains
Michele Giuliano Carlino, Inria Bordeaux Sud-Ouest
In the last decades the scientific community involved in the numerical modelling is putting more and more
effort into finding true-to-life solutions to increasingly complex physical phenomena. In the field of fluid
dynamics alone, current examples are provided by the haemodynamics study on patient-specific
geometries, the aerodynamics of wind turbines whose blades are subject to continuous deformation and
displacement, meteorology and so on. All these examples share not only the same set of equations
describing the physical phenomenon (e.g. the Navier-Stokes equations), but also a complexity in
discretising the spatial domain, which is usually subject to deformations that depend on the solutions of
the mathematics problem itself.
One possible approach is to discretise the physical
domain using overset grids. They are also known in the
literature as chimera meshes. Like the Greek
mythological animal, whose body included parts of
different animals such as the lion, goat and snake, the
chimera mesh is a set of grids (possibly with different
topologies) which are overlapped among each other
and can move and deform during the simulation
accordingly to the physics of the problem. This type of
mesh allows to easily describe the geometry of the
equation; on the other hand, they require a robust
communication between the different grids by not
affecting the good quality of the final solution regardless
of the movement of these grids in space.
Michele Giuliano Carlino at Optimad Company

For the numerical simulations involving the study of flows
around complex and deforming domains, it is quietly easy to incur to a curse of dimensionality, especially
when the interest of the simulation goes towards the knowledge of the influence of the movements on
the solutions themselves. In this framework, a Reduced Order Model (ROM) can be considered for finding
a parametric solution whose parameters define the movement of the geometry (such as the speed of
displacement, the position and the geometry of the obstacle, etc.).
In the first ARIA newsletter we already dealt with ROM and chimera meshes with a Domain Decomposition
(DD) approach. In particular, the emphasis was on finding a reduced solution in the background, away
from the obstacle, and a full solution around the obstacle. In this article we focus on the opposite
viewpoint because of the parameter of interest (i.e. the movement of the geometry): a full solution in
background and a ROM solution in the foreground.
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In this case, several reasons can be given for the change of trend. Phenomena involving domain
movements are variations on themes of fairly similar solutions (in the sense of some well-defined norm)
unless there are dramatic changes in the set of parameters strongly affecting the solution (e.g. large
variety of displacements or extreme changes in obstacle geometries). This helps the research of a
Reduced Basis (RB) which is more sensitive to the variation of the parameter and, thus, allows to reduce
the degrees of freedom.
A numerical reason for reducing the problem in foreground instead that in the background consists in the
recovery of the RB. Typically it is sought by exploiting data from different full simulations. Let us suppose to
have different simulations of the same phenomenon for different velocities of displacement of the
obstacle. This means that, for a given time instant, for some simulations some cells in the background do
not exist because they are covered by the foreground and, consequently no data are directly available
on those cells. This implies a loss of information and a loss of quality for the RB. On the contrary, this never
happens for the foreground because the movement never affects the existence of the cell but only its
shape. Thus it is always possible to collect information to store in a dataset and, in a training stage, to build
a RB.
MEMPHIS team in INRIA Bordeaux Sud-Ouest and the OPTIMAD engineering s.r.l. company are exploiting
the two approaches (the one here described and the one discussed in the previous article) by preserving
the possibility to parallelise all the processes and to consider a wide range of possible movements for
incompressible flows.
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Registration-based nonlinear model order reduction
Lei Zang, Inria Bordeaux Sud-Ouest
For many applications, e.g. design and optimization, uncertainty quantification, flow control, real time
query etc., we need to find numerical solution to the associated mathematical model over a range of
parameters, including physical properties, geometric features, boundary conditions or source terms.
Repetitive resolution of the partial differential equation for each parameter value using full-order
approximation techniques such as finite-element method or finite-volume method are still impractical due
to the large complexity and computational cost. Parameterized model order reduction (pMOR)
techniques have thus been developed to alleviate the computational burden, by seeking a low-rank
approximation of the full-order model, that can be rapidly computed for any parameter in the parameter
region.
For a broad class of problems where Kolmogorov n-width decays rapidly, there are efficient linear
methods to perform the MOR, including efficient training algorithm such as POD and greedy to determine
the reduced space, and projection-based methods to compute the solution coefficients in the reduced
space. However, linear methods are not well-suited for several classes of engineering problems, for
example steady problems with parameter-dependent jump discontinuities in the solution, transport
phenomenon, problems with discontinuous parameter-dependent coefficients etc. Several classes of
nonlinear model reduction techniques have thus been proposed in order to deal with these problems,
including Lagrangian methods, convolutional methods and transported (or transformed) snapshot
methods. Among these methods, the basic idea of Lagrangian approach consists in building a parametric
bijective mapping between the reference domain and the physical domain such that the mapped
solution snapshots will be more suitable for linear compression. The registration method, which belongs to
the class of Lagrangian methods, introduced in SIAM J. Sci. Comput., 42(2), A997–A1027 offers a general
procedure, i.e. independent of the underlying model, to find the previously-mentioned mapping by
solving an optimization problem. In computer vision and pattern recognition, registration refers to the
process of finding a spatial transformation that aligns two datasets; here in this context of nonlinear MOR
technique, registration refers to the process of finding the above-mentioned parametric mapping that
improves the linear compressibility of the solution snapshots by exploiting the presence of local features
(e.g., shock waves) in the solution that are topologically equivalent. Moreover, in ESAIM: M2AN 55 (2021)
99–130, the registration method is generalized to deal with transport phenomenon. In the paper, spacetime registration is developed and space-time formulation of the mathematical model is used in the
reduced-order model in order to capture the interaction between multiple shock waves. The
performance of the proposed approach is demonstrated by applying it to Burgers problem and a shallow
water model problem.
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The project has received funding from the European Union’s Horizon 2020 research
and innovation programme under the Marie Sklodowska-Curie grant No 872442.
Duration: December 2019| November 2023.
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