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ABSTRACT

Despite the significant advances in computational methods and computer technology, fully re-
solved CFD models pose significant computational challenges in multi-query applications like
optimal design or risk assessment. Model order reduction based on reduced basis methods has
become an established approach to alleviate the computational burden of large scale applications.

Achieving the necessary speed-ups in complex applications is still problematic because of the
need to evaluate nonlinearities at the fine scale. Traditional intrusive techniques require signif-
icant extensions and code modifications to achieve results comparable to those seen in linear
problems. For these reasons non-intrusive methods, which treat the high fidelity model as an
external black-box, are becoming more popular. Essentially, these approaches rely on some
sort of regression of a set of snapshots by means of, e.g., neural networks, sparse grids, or ker-
nel methods. Common to all these approaches is a trade-off between accuracy, stability, and
efficiency.

When working with radial kernels the selection of the shape parameter plays a crucial role in the
above trade-off. Optimization of the shape parameter in the context of reduced modeling has
received relatively little attention. There are well established tools in approximation theory, but
they are typically expensive and suffer from instability. In the context of radial basis function
interpolation, a recent approach that has shown promise in mitigating these instabilities is to
replace the shape parameter with a scale function.

In this work we evaluate the performance of kernel based non-intrusive techniques for fluid
dynamic applications. We consider classical approaches as well as optimized shape parameters
and variably scaled kernels. We compare accuracy, efficiency, and stability properties across a
range of fluid regimes in benchmark applications of incompressible fluids.


