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I will present a new path-conservative central-upwind scheme for noncoservative hyperbolic systems of PDEs. Such systems arise in a variety of applications and the most challenging part of their numerical discretization is a robust treatment of nonconservative product terms.

Godunov-type central-upwind schemes were developed as an efficient, highly accurate and robust ``black-box'' solver for hyperbolic systems of conservation laws. They were successfully applied to a large number of hyperbolic systems including such nonconservative systems as two-layer shallow water equations, compressible two-phase flow models, Savage-Hutter type system modelling submarine underwater slides. To overcome the difficulties related to the presence of nonconservative product terms, several special techniques were proposed. However, none of these techniques was sufficiently robust and thus the applicability of the original central-upwind scheme was quite limited.
We have recently realized that the main drawback of the original approach was the  fact that the jump of the nonconservative product terms across cell interfaces has never been taken into account. Rewriting central-upwind schemes in the form of path-conservative schemes has helped to understand how the nonconservative products should be discretized so that their influence on the numerical solution is accurately taken into account. The resulting path-conservative central-upwind scheme is a new robust tool for both conservative and nonconservative hyperbolic systems. The new scheme has been applied to the Saint-Venant system with discontinuous bottom topography, two-layer shallow water system, and the two-mode shallow water equations which was recently derived as a simplified model tat describes nonlinear dynamics of waves with different vertical profiles. Our numerical results illustrate a superb performance of the new path-conservative central-upwind scheme, its robustness and ability to achieve very high resolution.

The talk is based on joint work with Manuel Jesus Castro Diaz (University of Malaga, Spain), Alina Chertock (NC State University, USA), Tomas Morales de Luna (University of Malaga, USA), and my PhD student Yuanzhen Cheng. 

