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ABSTRACT

In many industrial applications, it is relevant to simulate two-phase or flashing flows through ducts
with discontinuously varying cross-sections. Two examples are for the operation and design of
refrigeration systems [1] and high-pressure hydrocarbon pipelines [2]. Such systems can be modeled
with the quasi one-dimensional Euler equations, often called the compressible duct flow equations,
which include a non-conservative term. We propose two Harten-Lax-van Leer Contact (HLLC)
based finite-volume methods for the numerical solution of these equations, HLLC+S and HLLCS.
HLLC+S adds a dicretization of the non-conservative term to the HLLC-solver. The discretization
is formulated such that the stationary state is conserved exactly, similarly to the discretization of
Brown et al. for their AUSM+-up based scheme for this flow problem [3]. HLLCS is based on a
HLLC-type approximate Riemann solver for the compressible duct flow equations, incorporating
discontinuous area change as a stationary wave. This is similar to the approach of Tokareva and
Toro for the Baer-Nunziato equations [4]. Notably, both HLLC+S and HLLCS are formulated
for a general EOS and are readily applied on two-phase flow simulations using the homogeneous
equilibrium model (HEM) with the Peng-Robinson equation of state (EOS). Through tests with the
ideal gas EOS and two-phase simulations, we find that HLLC+S obtains incorrect and unphysical
solutions for subsonic flow problems. Such behaviour can also be found for the AUSM+-up solver
of Brown et al. This is not the case for the HLLCS solver, which is found to be highly accurate for
subsonic flow and can be made well-balanced in the sense that it captures the steady-state exactly.
The HLLCS scheme also shows promising behaviour for resonant cases, where the flow speed equals
the sound speed at the area discontinuity. Such flow often arises when high-pressure fluid expands
into a low-pressure area. However, HLLCS must be explicitly extended for resonant cases to ensure
robustness in solving such flow.
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