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The speed up of finite-volume solvers for compressible flows is a difficult task. There are
several ways to achieve solver speed-up, more or less difficult to implement and more or less
suitable for implementation in a parallel, unstructured type of solver. Examples of such
techniques are the multi-grid method and implicit residual smoothening. In this article, a
solver acceleration technique based on Dynamic Mode Decomposition (DMD) is proposed.
The technique does not depend on data or mesh structure and is thus as straightforward to
implement in an unstructured parallel code as in a structured sequential code. The main
idea behind the proposed method is that one can use the information in flow field modes
extracted using the DMD technique to find a correction that will bring the solution closer
to a steady state condition, i.e. the method is only applicable to steady-state problems.
In the presented work the DMD-based acceleration technique has been implemented in
a massively parallel block-structured finite-volume Navier-Stokes solver for compressible
flows. The method has been tested on two simple one-dimensional test cases and on a
turbine cascade with promising results. To the knowledge of the authors, the proposed
method is not previously published in the open literature.

The Dynamic Mode Decomposition (DMD) was first introduced by Schmid [1] as a method
for extracting coherent dynamic flow structures from a previously generated set of data
samples. The fact that the method does not require any information about the origin of the
data means that it can be applied to data obtained from for example transient numerical
simulations or experiments. The DMD method is a Krylov subspace method related to
the iterative Arnoldi algorithm for extraction approximate eigenvalues and eigenvectors
of large matrices. The technique proposed by Arnoldi [2], also described in detail by e.g.
Ruhe [3] and Eriksson et al. [4], is based on the projection of a high-dimension system
matrix onto subspace of significantly lower dimension. The nature of this subspace is
such that its eigenvalues represents the least damped modes of the extensively larger
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system matrix. One of the benefits of the DMD method over a method based directly
on the Arnoldi algorithm is that it can be applied to an existing set of samples as a
post processing procedure whereas an eigenmode extraction method based on the Arnoldi
algorithm would require that the data set is generated as part of the eigenmode extraction
procedure and thus it is impossible to use this kind of method on an existing data set.

The Generalized Minimal Residual (GMRES) technique proposed by Saad et al. [5] is
a Krylov subspace method for solving linear systems. GMRES is related to the above-
mentioned Arnoldi algorithm and has been used to speed up the convergence of flow
solvers in steady state application, see e.g. Nigro et al. [6]. Since the GMRES method is a
Arnoldi-based technique that may be applied for solver speed up purposes, it seems natural
that it is possible to utilize the mode information that can be extracted using the DMD
method to speed up the convergence of flow solvers as well. The presented DMD-based
acceleration technique uses a set of stored solver flow fields to calculate a low-dimension
projection of the system matrix describing the flow field development. This approximate
system matrix is than used to generate a flow field correction that brings the solution
closer to convergence. The flow corrections are done in a step-wise manner alongside an
otherwise normal solver execution. The most efficient size and sample frequency of the
generated data sets are very problem dependent and has to be found by trial and error.
However, with suitable settings, the proposed DMD-based acceleration technique is able
to produce significant speed up.
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