TWO-LEVEL NONLINEAR ELIMINATION BASED PRECONDITIONERS FOR INEXACT NEWTON METHODS WITH APPLICATION IN SHOCKED DUCT FLOW CALCULATION^∗

FENG-NAN HWANG^†, HSIN-LUN LIN^†, AND XIAO-CHUAN CAI^‡

Abstract. The class of Newton methods is popular for solving large sparse nonlinear algebraic systems of equations arising from the discretization of partial differential equations. The method offers superlinear or quadratic convergence when the solution is sufficiently smooth and the initial guess is close to the desired solution. However, in many practical problems, the solution may exhibit some non-smoothness in part of the computational domain, due to, for example, the presence of a shock wave. In this situation, the convergence rate of Newton-type methods deteriorates considerably. In this paper, we introduce a two-level nonlinear elimination algorithm, in which we first identify a subset of equations that prevents Newton from having the fast convergence and then iteratively eliminate them from the global nonlinear system of equations. We show that such implicit nonlinear elimination restores the fast convergence for problems with local non-smoothness. As an example, we study a compressible transonic flow in a shocked duct.

Key words. nonlinear PDEs, nonlinear elimination, inexact Newton, finite difference, shock wave

AMS subject classifications. 65H10, 65N06, 65N55

∗Received August 31, 2009. Accepted for publication March 24, 2010. Published online July 15, 2010. Recommended by M. Gander. The first two authors were supported in part by the National Science Council of Taiwan, 96-2115-M-008-007-MY2 and the last author was supported in part by the Department of Energy, DE-FC-02- 06ER25784, and in part by the National Science Foundation, ACI-0305666, CCF-0634894, and CNS-0722023.

†Department of Mathematics, National Central University, Jhongli City, Taoyuan County 32001, Taiwan (hwangf@math.ncu.edu.tw,942201024@cc.ncu.edu.tw).

‡Department of Computer Science, University of Colorado at Boulder, Boulder, CO 80309, USA (cai@cs.colorado.edu).