HiMod discretizations for parametric problems in CFD
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ABSTRACT

Hierarchical Model (HiMod) reduction proved to considerably contain the computational effort
without giving up accuracy, when modeling, for instance, CFD dynamics characterized by a
preferential direction. This goal is reached throughout a standard separation of variables smartly
combined with a different numerical discretization of the main and of the transverse dynamics.
Leading dynamics are generally solved by finite elements or with an IsoGeometric Analysis
(HIgaMod discretization) [2, 3]. In the last case, the employment of Non Uniform Rational
B-Splines (NURBS) provides a crucial tool towards CFD simulations in real geometries.
Transverse dynamics are discretized in terms of a modal basis, properly selected to include the
boundary conditions assigned on the lateral surface of the computational domain.

In this communication, we focus on the parametric generalization of HiMod reduction. Indeed,
the computational benefits provided by a HiMod discretization become even more significative
when solving parametrized problems, such as in data assimilation, optimization or parameter
estimation. To this aim, we merged HiMod reduction with standard techniques to deal with
parametrized settings. In particular, we combined HiMod with the Proper Orthogonal Decompo-
sition (POD) and with the Reduced Basis (RB) method, thus yielding the so-called HiPOD [1]
and the HiRB approaches. After introducing the HiPOD and the HiRB procedures, we will
numerically investigate the corresponding performances on benchmark cases.
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