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a b s t r a c t

A new class of flux-limited schemes for systems of conservation laws is presented that is

both high-resolution and positivity-preserving. The schemes are obtained by extending

the Steger–Warming method to second-order accuracy through the use of component-wise

TVD flux limiters while ensuring that the coefficients of the discretization equation are

positive. A coefficient is considered positive if it has all-positive eigenvalues and has the

same eigenvectors as those of the convective flux Jacobian evaluated at the corresponding

node. For certain systems of conservation laws, such as the Euler equations for instance,

this condition is sufficient to guarantee positivity-preservation. The method proposed is

advantaged over previous positivity-preserving flux-limited schemes by being capable to

capture with high resolution all wave types (including contact discontinuities, shocks,

and expansion fans). Several test cases are considered in which the Euler equations in gen-

eralized curvilinear coordinates are solved in 1D, 2D, and 3D. The test cases confirm that

the proposed schemes are positivity-preserving while not being significantly more dissipa-

tive than the conventional TVD methods. The schemes are written in general matrix form

and can be used to solve other systems of conservation laws, as long as they are homoge-

neous of degree one.
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1. Introduction

Positivity-preservation and high-resolution are two desirable attributes a flux discretization scheme should possess.

High-resolution refers to the capability to capture with few nodes continuous and discontinuous waves while not introduc-

ing spurious oscillations, and can be achieved through flux or slope limiters. Positivity-preservation refers to the capability to

conserve the positivity of the determinative properties. The determinative properties are the properties that must necessar-

ily be positive for the solution to be within physical bounds. For instance, for the Euler equations, the determinative prop-

erties are the density and the temperature. For the multi-species Favre-averaged Navier–Stokes equations, not only must the

density and the temperature remain positive, but the mass fractions, the turbulence kinetic energy, and the dissipation rate

must also remain positive. Should the latter become negative, the solution is not within physically-admissible bounds and

severe convergence difficulties can ensue. A method that is positivity-preserving prevents such convergence problems by

guaranteeing positivity of the determinative properties.

When solving a scalar advection equation, the Courant upwinded stencil is well-known to conserve the positivity of the

variable solved. However, when extended to second-order accuracy, the Courant scheme is not guaranteed to remain
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