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Abstract
In this research, we propose high order well-balanced discontinuous Galerkin methods for real
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gas in pipelines in the fields of the natural gas science and engineering. The model of real gas in
pipelines preserves the steady state exactly. In order to maintain the steady state at the discrete
level, we propose to construct the well-balanced numerical fluxes as well as a novel source term
approximation. In this article, by means of hydrostatic reconstruction, we build a high order
discontinuous Galerkin method, which exactly preserves the steady state, and is characterized
by a discharge equal to zero (analogue to hydrostatic equilibrium). Rigorous theoretical analysis
as well as extensive numerical results, all validate that the current method preserves the
well-balanced property. In addition, numerical experiments are carried out to validate the ability
to capture small perturbation of steady state, and high resolutions. We believe that the resulting
method has potential applications in the fields of natural gas science and engineering.
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200 Single 8.39E-07 2.76E-07 1.27E-08
Double 1.28E-14 1.07E-14 2.03E-14

Table 2. L* errors and orders of accuracy for the test case in Section 3.2
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Figure 1. Numerical results of the example in Section 3.3 by the well-balanced method (denoted by “1”) and by the
non-well-balanced method (denoted by “-")
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Figure 2. Numerical results of the example in Section 3.4 att=0.2
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