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Summary: The purpose of this paper is to solve some of the trouble spots of the classical SPH method by
proposing an alternative approach. First, we focus on the problem of the stability for two diﬀerent SPH
schemes, one is based on the approach of J. P. Vila [Math. Models Methods Appl. Sci. 9, No. 2, 161–209
(1999; Zbl 0938.76090)] and another is proposed in this article which mimics the classical 1D Lax-Wendroﬀ
scheme. In both approaches the classical SPH artiﬁcial viscosity term is removed preserving nevertheless
the linear stability of the methods, demonstrated via the von Neumann stability analysis. Moreover, the
issue of the consistency for the equations of gas dynamics is analyzed. An alternative approach is proposed
that consists of using Godunov-type SPH schemes in Lagrangian coordinates. This not only provides an
improvement in accuracy of the numerical solutions, but also assures that the consistency condition on
the gradient of the kernel function is satisﬁed using an equidistant distribution of particles in Lagrangian
mass coordinates. Three diﬀerent Riemann solvers are implemented for the ﬁrst-order Godunov type SPH
schemes in Lagrangian coordinates, namely the Godunov ﬂux based on the exact Riemann solver, the
Rusanov ﬂux and a new modiﬁed Roe ﬂux, following the work of C. D. Munz [SIAM J. Numer. Anal. 31,
No. 1, 17–42 (1994; Zbl 0796.76057)]. Some well-known numerical 1D shock tube test cases [E. F. Toro,
Riemann solvers and numerical methods for ﬂuid dynamics. A practical introduction. Berlin: Springer
(1997; Zbl 0888.76001)] are solved, comparing the numerical solutions of the Godunov-type SPH schemes
in Lagrangian coordinates with the ﬁrst-order Godunov ﬁnite volume method in Eulerian coordinates
and the standard SPH scheme with Monaghan’s viscosity term.
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