NUMERICAL STUDY OF A DISCRETE PROJECTION METHOD FOR ROTATING INCOMPRESSIBLE FLOWS^∗

ANDRIY SOKOLOV^†, STEFAN TUREK^†, AND MAXIM A. OLSHANSKII^‡

Abstract. This paper presents a numerical analysis for complex 3D simulations of the Stirred Tank Reactor (STR) model by a modified discrete projection method (DPM) for rotating incompressible flow. For several prototypical configurations of the STR model, we examine the multigrid behavior for momentum and pressure Poisson subproblems for different values of the time step, the angular velocity, etc., and we give examples of the convergence behavior of the (outer) DPM scheme. For a prototypical application, we visualize the complex flow behavior by injecting sources of particle tracers into the obtained flow field to observe their mixing distribution.

Key words. Navier–Stokes equations, Coriolis force, discrete projection method, pressure Schur complement

AMS subject classifications. 35Q30, 76D05, 76D07

∗Received November 28, 2007. Accepted for publication March 11, 2008. Published online on December 11, 2008. Recommended by G. Haase. This research was supported by the German Research Foundation and the Russian Foundation for Basic Research through the grant DFG-RFBR 08-01-91957 and TU 102/21-1.

†Institut für Angewandte Mathematik, TU Dortmund, 44227 Dortmund, Germany (asokolow@math.uni-dortmund.de, ture@featflow.de).

‡Department of Mechanics and Mathematics, Moscow State University, 119899 Moscow, Russia (maxim.olshanskii@mtu-net.ru).