
Accepted Manuscript

Algebraic splitting methods for the steady incompressible Navier Stokes
equations at moderate Reynolds numbers

Alex Viguerie, Alessandro Veneziani

PII: S0045-7825(17)30701-6
DOI: https://doi.org/10.1016/j.cma.2017.10.028
Reference: CMA 11656

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

Received date : 17 March 2017
Revised date : 27 October 2017
Accepted date : 30 October 2017

Please cite this article as: A. Viguerie, A. Veneziani, Algebraic splitting methods for the steady
incompressible Navier Stokes equations at moderate Reynolds numbers, Comput. Methods Appl.
Mech. Engrg. (2017), https://doi.org/10.1016/j.cma.2017.10.028

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.2017.10.028


 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 

Algebraic Splitting Methods for the Steady Incompressible Navier Stokes
Equations at Moderate Reynolds Numbers

Alex Vigueriea,∗, Alessandro Veneziania

aDepartment of Mathematics and Computer Science, Emory University, Atlanta, GA 30322-0001 , USA

Abstract

The unsteady incompressible Navier-Stokes equations in primitive variables are often numerically solved

by segregating the computation of velocity and pressure, according to either functional analysis ar-

guments following the pioneering work of A.J. Chorin and R. Temam (STD, Split-Then-Discretize

paradigm) or linear algebra arguments based on the inexact block factorization of the discretized prob-

lem (DTS, Discretize-Then-Split paradigm). The presence of the time derivative allows for the cal-

ibration of an appropriate approximation of the pseudo-differential operator of the pressure problem

and excellent results in terms of both accuracy and efficiency have been obtained as witnessed by the

abundant literature. The extension of the same segregated approach to the steady Navier-Stokes equa-

tions is unclear, unless a pseudo-time advancing formulation is undertaken. In this paper we present a

methodology for a segregated computation of the primitive variables in a genuinely steady formulation,

so to avoid iterations to get to the steady limit. The approach is largely inspired by the algebraic

factorization of the unsteady problem (DTS approach), yet we detail specific settings required by the

absence of the velocity time-derivative. The basic idea relies on the introduction of some parameters

in a modified Picard linearization. We discuss stability bounds and the convergence of the segregated

method to the unsplit solution. Several numerical results on different test cases confirm the efficiency

of the procedure.

1. Introduction

The steady incompressible Navier-Stokes equations are receiving increasing attention as they are used

also in fields where traditionally unsteady models are considered appropriate. In fact, sometimes time

averaged information can be properly retrieved by a suitable steady computation, with the advantage

of reducing computational costs (see e.g. [1]). This is particularly of interest when computation time

is a sensible aspect, as in medical applications of computational fluid dynamics with a strong clinical

orientation.
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