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For the simulation of cavitating flows, methods in commercially available CFD codes
are commonly based on a simplified formulation of the Rayleigh-Plesset equation. This
equation is derived from the dynamics of a single vapour bubble [1] and provides source
and sink terms to use in an additional transport equation for the vapour mass fraction.
To correctly describe the dynamic behaviour of cavitation shedding using these methods,
it is often necessary to fine tune empirical parameters as well as using a correction of the
eddy viscosity in the region of two-phase flow [2]. In contrast to this approach, cavitation
can be modelled using a homogenous mixture formulation assuming the two-phase flow in
equilibrium. This is justified as cavitation shedding is known to be mainly inertia-driven
[3]. Hence, no additional transport equation is needed, but the governing equations are
used in their compressible formulation in a combination with an equation of state for the
mixture density.

In the work presented here, the underlying thermodynamic model is a homogenous equi-
librium model which assumes that energy and mass transfer between both phases occur
instantaneously, i.e. temperature, pressure and velocity of both phases are equal. Further-
more, by neglecting viscous effects and energy transfer, isentropic flow can be assumed.
This leads to an equation of state commonly referred to as barotropic model, where density
is only a function of pressure (or vice versa).

Up to now, this barotropic model was used in our in-house flow solver hydRUB. Further-
more, hydRUB employs an explicit Runge-Kutta scheme for time integration to resolve
also the smallest time scales in the range of nano seconds and uses a Low-Mach num-
ber Godunov-type flux formulation for the solution of the governing equations [4, 5]. As
our in-house code was not designed to be particularly user-friendly, we implemented our
method using OpenFOAM as we aim at providing it for a larger user base.

To show the correct implementation of the hydRUB algorithms in OpenFOAM, we present
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Figure 1: Exemplary results of the cavitating flow around a NACA0015 hydrofoil – instantaneous vapour
fraction for an arbitrarily chosen time instant and time evolution of vapour volume fraction

the analysis of the cavitating flow around two different hydrofoils, a circular leading edge
(CLE) foil and a NACA0015 foil. Results from hydRUB and hydRUBFoam are compared
against each other and shown to be in good agreement with regard to obtained shedding
frequency and formation of a re-entrant jet.
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