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Abstract

Splitting methods are frequently used for large scale chemical reaction systems. The main reason is
the reduced computational cost for solving the subproblems in comparison to the time integration
of the full problem. However, a splitting error is introduced. The most popular splitting schemes
are the first order Lie-Trotter splitting and the second order Strang splitting. However, in case of
stiff differential equations the Strang splitting suffers from order reduction and both schemes have
order one for stiff differential equations. Therefore, the step size restrictions due to the low order
can result in a prohibitive small step size. Hence, splitting schemes with order larger than one are
necessary for stiff differential equations. The Richardson extrapolation of the Lie-Trotter splitting is
a second order scheme. In this paper we examine differential equations with a fast chemical source
term and a slow transport term. Thus, all stiffness of the system is related to the chemical source
term. We show that the Richardson extrapolation does not suffer from order reduction in this case.
Furthermore, we perform a stability analysis of the extrapolated splitting scheme for a linear test
problem. Thereby the operators of the test problem do not commute.
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1. Introduction

Operator splitting is frequently used in large scale engineering problems like chemical reaction
systems with transport. The most common splitting schemes are the Lie-Trotter splitting of order
one and the Strang splitting [1, 2] of order two. However, in [3, 4, 5] it is shown that the Strang
splitting suffers from order reduction in the stiff case. Therefore, practical estimation of the splitting
error might fail, and the possible step size of the splitting method is prohibitive for the numerical
computation of many problems. The Richardson extrapolation (in general [6, 7, 8], for splitting
methods [9, 10, 11]) of the Lie-Trotter splitting is a second order scheme. In this paper we show
that the Richardson extrapolation does not suffer from order reduction if all stiffness is related to
the chemical source term. Furthermore, we examine stability of the extrapolated splitting scheme.

In the following we consider the application of the splitting schemes to chemical reaction systems
with transport, which results in nonlinear differential equations. The corresponding differential
equation is a partial differential equation, but after discretization in space we obtain an ordinary
differential equation

dz

dt
= f(z) + g(z), z(t0) is given . (1.1)
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