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Highlights
1. The structure of cloud cavitation is needed to accurately predict collapse pressure.
2. A cavitation model was developed through dimensional analysis and CFD simulation.
3. Bubble number density was used to characterize the internal structure of cavitation.
4. This model is implemented on cavitating flow over a projectile with conical head.

5. The results show that the collapse pressure is affected by bubble number density.

ABSTRACT: The cavitation cloud of different internal structures results in different collapse pressures owing to
the interaction among bubbles. The internal structure of cloud cavitation is required to accurately predict collapse
pressure. A cavitation model was developed through dimensional analysis and direct numerical simulation of
collapse of bubble cluster. Bubble number density was included in proposed model to characterize the internal
structure of bubble cloud. Implemented on flows over a projectile, the proposed model predicts a higher collapse
pressure compared with Singhal model. Results indicate that the collapse pressure of detached cavitation cloud is
affected by bubble number density.

Cloud cavitation, as one of the most common type of cavitation for the marine vessels and projectile, consists of a
large amount of small bubbles. The pressure pulse generated by the bubble collapse in the cloud cavitation is
usually considered to be the major cause of the structure failure and the noise radiation. Numerical simulations are
commonly used to study cavitating flows in many applications, such as hydrofoils, projectiles, turbo machines, etc.
Most of the researches were focused on the homogeneous flow modelling, which is based on the Navier—Stokes
equations of mixture phase [1-7]. However, the homogeneous cavitation modeling is only capable of providing
macro-solutions of vapor volume fraction while the micro mechanism of cavitation evolution remains unknown.
For example, bubble clusters with different distributions may lead to different collapse pressures because of the
interaction of bubbles under identical vapor volume fractions. Therefore, a numerical model considering the
internal structure of cloud cavitation is essential to understand bubble evolution and improve the accuracy of
predicting bubble collapse pressure. Evans et al. [8] developed a population balance model to predict bubble size
distribution in the wake region below a ventilated gas cavity. Du et al. [9] proposed an evolution model of bubble
number density is proposed to simulate bubble breakup and transportation.

In this letter, a cavitation model based on bubble cluster is deduced by dimensional analysis and direct
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