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The paper introduces a nonlinear multigrid solver for mixed finite element dis-
cretizations based on the Full Approximation Scheme (FAS) and element-based
Algebraic Multigrid (AMGe). The main motivation to use FAS for unstruc-
tured problems is the guaranteed approximation property of the AMGe coarse
spaces that were developed recently at Lawrence Livermore National Labora-
tory. These give the ability to derive stable and accurate coarse nonlinear dis-
cretization problems. The previous attempts (including ones with the original
AMGe method), were less successful due to lack of such good approximation
properties of the coarse spaces. With coarse spaces with approximation prop-
erties, our FAS approach on unstructured meshes has the ability to be as pow-
erful/successful as FAS on geometrically refined meshes. For comparison, New-
tons method and Picard iterations with an inner state-of-the-art linear solver
are compared to FAS on a nonlinear saddle point problem with applications to
porous media flow. It is demonstrated that FAS is faster than Newtons method
and Picard iterations for the experiments considered here. Due to the guaran-
teed approximation properties of our AMGe, the coarse spaces are very accu-
rate, providing a solver with the potential for mesh-independent convergence on
general unstructured meshes.



