OPTIMIZING RUNGE-KUTTA SMOOTHERS FOR UNSTEADY FLOW PROBLEMS^∗

PHILIPP BIRKEN^†

Abstract. We consider the solution of unsteady viscous flow problems by multigrid methods employing Runge- Kutta smoothers. Optimal coefficients for the smoothers are found by considering the unsteady linear advection equation and performing a Fourier analysis, respectively, looking at the spectral radius of the multigrid iteration matrix. The new schemes are compared to using a classic dual time stepping approach, where the scheme for the steady state equation is reused, meaning that the smoother coefficients are obtained by an optimization based on the steady state equations, showing significant improvements.

Key words. Multigrid, unsteady flows, finite volume methods, explicit Runge-Kutta methods, linear advection equation

AMS subject classifications. 35L04, 35Q35, 65F10, 65L06, 65M08

∗Received November 8, 2011. Accepted for publication July 23, 2012. Published online on October 1, 2012. Recommended by T. Manteuffel. Work supported by the German Research Foundation (DFG) as part of the SFB-TR TRR 30, project C2

†Institute of Mathematics, University of Kassel, Heinrich-Plett-Str. 40, D-34132 Kassel, Germany, email: birken@mathematik.uni-kassel.de