Mathematics &' \V
&% Mathematics
7 Education
Seminar

\
4 MARCH 2026
WEDNESDAY
2.15to 3.15 pm
TH LAB 2 (NIE7-B1-04)

On the Efficiency of
Modified Patankar-Runge-Kutta Methods g
for Convection-Diffusion-Reaction Equations

Mathematical modeling leads to so-called convection-diffusion-reaction equations
in the form of systems of partial differential equations in numerous practical
applications. Examples are turbulent air flows or algae growth in oceans or lakes.
After discretization of the spatial derivatives, an extremely large system of ordinary
differential equations occurs. A reasonable numerical time integration scheme must
reflect present properties like the positivity of single balance quantities or also the
conservativity of the initial model. In the talk we will present so-called modified
Patankar-Runge-Kutta (MPRK) schemes. They adapt explicit Runge-Kutta schemes in
a way to ensure positivity and conservativity irrespective of the time step size.
Thereby, we introduce a general definition of MPRK schemes and present a thorough
investigation of necessary as well as sufficient conditions to derive first, second and
third order accurate MPRK schemes. The theoretical results will be confirmed by
numerical experiments in which MPRK schemes are applied to solve non-stiff and
stiff systems of ordinary differential equations. Furthermore, we investigate the
efficiency of MPRK schemes in the context of convection-diffusion-reaction
equations with source terms of production-destruction type.
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