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ABSTRACT

Pseudo-arclength continuation with inexact Newton linearization is a powerful technique for inves-
tigating parameter sensitivity of complex dynamical systems. For three-dimensional fluid dynamics
problems the application of this technique is still challenging because of the ill-conditioned linear sys-
tems with the Jacobian that have to be solved. The indefiniteness of the matrix and the computational
complexity makes direct solvers inefficient in 3D. Iterative solvers typically lack robustness at higher
Reynolds numbers (when eigenvalues start crossing the imaginary axis).

We present a hybrid direct/iterative solver for the Jacobian of the incompressible Navier-Stokes equa-
tions on structured grids. The method is based on domain decomposition, where the variables in the
interior of the subdomains are eliminated using a direct method and the Schur-complement on the sep-
arators is solved using a robust iterative method. The method features a grid-independent convergence
rate and does not break down at high Reynolds numbers. The structure-preserving preconditioning
technique allows recursive application of the algorithm, although we only present a two-level variant
here.

The method is applied for the first time to a problem in cylindrical coordinates (the Taylor-Couette
problem) to demonstrate its practical applicability and as a first step towards geophysical fluid dynamics
applications such as ocean flows. Robustness and parallel performance are demonstrated by directly
computing highly unstable steady states of this application and the lid-driven cavity problem in two and
three space dimensions.
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