
Accepted Manuscript

An assessment of some solvers for saddle point problems emerging from
the incompressible Navier–Stokes equations

Naveed Ahmed, Clemens Bartsch, Volker John, Ulrich Wilbrandt

PII: S0045-7825(17)30755-7
DOI: https://doi.org/10.1016/j.cma.2017.12.004
Reference: CMA 11696

To appear in: Comput. Methods Appl. Mech. Engrg.

Received date : 2 June 2017
Revised date : 1 December 2017
Accepted date : 2 December 2017

Please cite this article as: N. Ahmed, C. Bartsch, V. John, U. Wilbrandt, An assessment of some
solvers for saddle point problems emerging from the incompressible Navier–Stokes equations,
Comput. Methods Appl. Mech. Engrg. (2017), https://doi.org/10.1016/j.cma.2017.12.004

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form.
Please note that during the production process errors may be discovered which could affect the
content, and all legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.cma.2017.12.004


 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

An Assessment of Some Solvers for Saddle Point
Problems Emerging from the Incompressible

Navier–Stokes Equations

Naveed Ahmeda, Clemens Bartscha, Volker Johna,b,∗, Ulrich Wilbrandta

aWeierstrass Institute for Applied Analysis and Stochastics (WIAS), Mohrenstr. 39, 10117
Berlin, Germany

bFreie Universität Berlin, Department of Mathematics and Computer Science, Arnimallee
6, 14195 Berlin, Germany

Abstract

Efficient incompressible flow simulations, using inf-sup stable pairs of finite ele-
ment spaces, require the application of efficient solvers for the arising linear sad-
dle point problems. This paper presents an assessment of different solvers: the
sparse direct solver UMFPACK, the flexible GMRES (FGMRES) method with
different coupled multigrid preconditioners, and FGMRES with Least Squares
Commutator (LSC) preconditioners. The assessment is performed for steady-
state and time-dependent flows around cylinders in 2d and 3d. Several pairs
of inf-sup stable finite element spaces with second order velocity and first or-
der pressure are used. It turns out that for the steady-state problems often
FGMRES with an appropriate multigrid preconditioner was the most efficient
method on finer grids. For the time-dependent problems, FGMRES with LSC
preconditioners that use an inexact iterative solution of the velocity subproblem
worked best for smaller time steps.
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1. Introduction

Inf-sup stable finite element methods are a popular approach for the spatial
discretization of incompressible flow problems. Within a Picard or Newton-type
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