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In the field of gas dynamics, the design of positivity-preserving numerical methods is of
main importance. Indeed, negative pressure and density can lead to nonlinear instabilities
and a crash of the code. From this perspective, we propose a new staggered numerical
scheme to solve Lagrangian hydrodynamics. It is part of the staggered grid hydrodynamics
(SGH), a class of numerical discretization inspired from the initial work of von Neumann
and Richtmyer [1]. In SGH, all the thermodynamic variables of the fluid, such as density,
pressure and internal energy are cell-centered, whereas the velocity is defined at the nodes
of the mesh. The internal energy equation is discretized instead of the total energy
equation.

To ensure the local mass, momentum and total energy conservations, a particular struc-
ture of the discrete div and grad operators derived from the framework of mimetic methods
[2] is used. The dissipation of kinetic energy into internal energy through shock waves
is ensured by means of an artificial viscosity added in the discrete momentum equation.
Following the method used in [4, 3], the viscosity residual derived from the discrete kinetic
energy equation is compensated with a positive source term in the internal energy balance.
This makes the scheme consistent with the conservative system of Euler equations. Fur-
thermore the discretization preserves by construction the convex admissible states under
a CFL condition. Finally, we illustrate this theory with some numerical results.
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