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Abstract. The goal of this paper is to relate numerical dissipations that are inherited in high
order shock-capturing schemes with the onset of wrong propagation speed of discontinuities.
For pointwise evaluation of the source term, previous studies indicated that the phenomenon of
wrong propagation speed of discontinuities is connected with the smearing of the discontinuity
caused by the discretization of the advection term. The smearing introduces a nonequilib-
rium state into the calculation. Thus as soon as a nonequilibrium value is introduced in this
manner, the source term turns on and immediately restores equilibrium, while at the same
time shifting the discontinuity to a cell boundary. The present study is to show that the de-
gree of wrong propagation speed of discontinuities is highly dependent on the accuracy of
the numerical method. The manner in which the smearing of discontinuities is contained by
the numerical method and the overall amount of numerical dissipation being employed play
major roles. Moreover, employing finite time steps and grid spacings that are below the stan-
dard Courant-Friedrich-Levy (CFL) limit on shock-capturing methods for compressible Euler
and Navier-Stokes equations containing stiff reacting source terms and discontinuities reveals
surprising counter-intuitive results. Unlike non-reacting flows, for stiff reactions with discon-
tinuities, employing a time step and grid spacing that are below the CFL limit (based on the
homogeneous part or non-reacting part of the governing equations) does not guarantee a correct
solution of the chosen governing equations. Instead, depending on the numerical method, time
step and grid spacing, the numerical simulation may lead to (a) the correct solution (within
the truncation error of the scheme), (b) a divergent solution, (c) a wrong propagation speed
of discontinuities solution or (d) other spurious solutions that are solutions of the discretized
counterparts but are not solutions of the governing equations. The present investigation for
three very different stiff system cases confirms some of the findings of Lafon & Yee (1996) and
LeVeque & Yee (1990) for a model scalar PDE. The findings might shed some light on the
reported difficulties in numerical combustion and problems with stiff nonlinear (homogeneous)
source terms and discontinuities in general.
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