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a b s t r a c t

Solution of governing equations for one-dimensional compressible unsteady flow has
been performed traditionally using a homogenously distributed spatial mesh. In the
resulting node structure, the internal nodes are solved by applying a shock capturing finite
difference numerical method whereas the solution of the end nodes, which define the
boundary conditions of the pipe, is undertaken by means of the Method of Characteristics.
Besides the independent solution of every method, the coupling between the information
obtained by the method of characteristics and the finite difference method is key in order
to reach a good accuracy in gas dynamics modeling. The classical spatial mesh could
provide numerical problems leading the boundary to generate lack of mass, momentum
and energy conservation because of the interpolation methodology usually applied to
draw the characteristics and path lines from its departure point at calculation time to
the end of the pipe during the next time-step. To deal with this undesirable behavior,
in this work a modification of the traditional grid including an extra node close to the
boundary is proposed in order to explore its ability to provide numerical resultswith higher
conservation fulfillment.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

The work reported in the present paper deals with the solution of the boundary conditions in gas dynamics codes and
the way in which the sort of spatial mesh of the 1D elements can affect the accuracy of the solution. 1D elements are those
in which one of the spatial dimensions is higher than the others, so a length variable is necessary to define the element, as in
pipes or ducts. Instead of the traditional mesh to discretize the 1D elements which accounts for uniformly distributed nodes,
the proposal of Corberán andGascón [1] has been developed and implemented inOpenWAMTM [2,3], an open source code for
gas dynamics calculation of one-dimensional compressible unsteady and non-homentropic flow developed at CMT-Motores
Térmicos.

According to this proposal, for a given spatial mesh size equal to ∆x an extra node is added, so that the distance from
the end nodes of a 1D element to the neighboring ones is set to ∆x/2 instead of ∆x. As a consequence, when solving the
neighboring nodes of the end of the 1D element, the mass, momentum and energy fluxes are evaluated at the extremes
of their control volume which coincides with the end of the 1D element. This effect contributes to increase the accuracy
of the solution obtained in the boundary conditions. The existence of contact discontinuities in the boundary conditions
between 1D and 0D elements is analyzed as a validation of the proposed methodology. 0D elements are those in which
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