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Abstract. Aiming at modeling the cavitation bubble cluster, we propose a novel non-
linear dynamic cavitation model (NDCM) considering the second derivative term in
Rayleigh-Plesset equation through strict mathematical derivation. There are two im-
provements of the new model: i) the empirical coefficients are eliminated by introduc-
tion of the nonuniform potential functions of ψv and ψc for growth and collapse pro-
cesses respectively, and ii) only two model parameters are required, which both base
on physical quantities–the Blake critical radius Rb and the average maximum growth
radius Rm. The corresponding cavitation solver was developed by using OpenFOAM
in which we implemented the modified momentum interpolation (MMI) method to
ensure that the calculated results are independent of time step size. Three validation
cases, namely numerical bubble cluster collapse, ultrasonic horn experiment, and hy-
drodynamic cavitation around slender body are employed. The results indicate that
ψv and ψc can reveal the nonlinear characteristics for cavity accurately, and Rb and
Rm can reflect the relevance between cavitation model and actual physical quantities.
Moreover, it is discussed the potentiality of NDCM that is generally applied on the
cavitating flow possessing with dispersed bubbly cloud.
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1 Introduction

Cavitation often occurs in liquid flows when the ambient pressure drops below a certain
threshold. The cavitating bubbles will emerge gradually from “cracked” liquid medium
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at its weak points [1]. Individual bubbles cluster and form a complex two-phase mixture
cloud, which shape depends strongly on the structure of the flow field. The cavitation
bubble cluster exhibits many unique characteristics, such as strong collapse accompanied
by a shockwave, or the natural frequency far lower than single bubble’s etc. [2, 3] There
are many researches on single bubble dynamics which can be described by Rayleigh-
Plesset type equation [4, 5]. However, an approach to build cavitation model based on
Rayleigh-Plesset equation to investigate the dynamics of bubble cluster can be considered
questionable.

Numerical simulation of cavitating flows and specifically the development of trans-
port equation model (TEM) has received enormous attention from investigators in re-
cently years. Instead of potential flow theory implemented in early engineering ap-
plications, the Eulerian’s one field formulation (OFM) of the two-phase Navier-Stokes
equation [6–9], which combines the properties of each phase as a single mixed one, is
popularly applied as the methodology of multiphase model. The cavitation model for
bubble cluster is embedded into the convective phase equation as source terms. There
is also an alternative approach based on Eulerian-Lagrangian method [10–12], which can
depict dynamic characteristic of each individual bubble respectively, but is not within the
present framework.

The prototype of TEM was introduced by Kubota [13] who assumed that the bubble
nuclei are uniformly distributed in the flow, and the simplified Rayleigh-Plesset equation,
which considered the SGS bubble interaction was used to determine the change of radius
and consequently the mixture density in each computational cell. The advantage of this
approach is that the dynamic response of local equilibrium bubbles can be estimated
precisely. However, solving the nonlinear transport equation often faces the difficulty of
convergence and its application was merely limited in studying steady flow.

In order to develop the Kubota’s method, the modeling strategy was focused on larger
scale of bubble cloud rather than the tiny scale of individual bubbles. A different ap-
proach with the same form of transport equation models had already been proposed in
literature [6–9], in which the nonlinear ODE is replaced by a convective equation of void
fraction. The mass transfer rate of bubbles is contained implicitly into source terms. It
has the advantage that the convective character of equation is more appropriate for de-
scribing the topological evolution of bubble cluster particularly in unsteady situations. In
the literature, there are two main approaches to build the empirical phase-transition laws
associating with surrounding pressure. Merkel et al. [14–16] proposed simplest formula-
tion based on dimensional analysis that defined the characteristic velocity u∞ or temporal
scale t∞. However, these parameters are prescribed as a constant during the whole dy-
namic period, especially in collapsing process, which would cause large deviation. In
order to make the model more physical, the void fraction was regarded equivalently as
a group of identical bubbles. Schnerr et al. [17–20] simplified the Rayleigh-Plesset equa-
tion that only the linear part was used to redefine the velocity scale as

√
2|p−psat|/3ρl for

both growth and collapse situations. The advantage of this formulation is that it follows,
to some part, a physical law and reduces the complexity. Nevertheless, the empirical


