Master’s thesis project:
Improving the numerical prediction of propeller cavitation
by means of adaptive mesh refinement.
Background
The strive for higher efficiency in ship propulsion is limited by the appearance of cavitation. Cavitation can lead to several
undesired effects: radiated noise is increased, as well as hydrodynamic forces on the ship hull; in addition, mechanical
erosion on the propeller surface or even thrust breakdown can occur in extreme cases. Such undesired effects are known
collectively as cavitation nuisances. Therefore, to address the trade-off between cavitation nuisances and propulsive efficiency, designers need reliable tools which enable the prediction of cavitation extent and its dynamics.
When viscous flow solvers with a finite-volume discretization are employed, unsteady
cavitation puts strict requirements on time step and mesh size. Given the classical
compromise between accuracy and costs, Adaptive Mesh Refinement (AMR) is an
attractive solution to achieve high resolution where is needed, while keeping a low
number of cells. AMR has been applied for partial cavitation on a two-dimensional
hydrofoil by Eskilsson and Bensow [1] and in the case of cavitating tip vortex by
Lloyd et al.[2]. While mesh adaptivity can relieve the user from manual refinement
(a) perspective view
(to some extent), it also requires careful choices for targets and criteria used for the
AMR procedure.

Tasks
1. Literature review of adaptive refinement methods and their application for
ship propulsion.
2. Within eight weeks from the beginning of the project, write a short report,
namely a Definition Study, with the outcome of the literature review and the
workplan for the remaining of the project.
3. Setup, running and post-processing of the numerical simulations using the
numerical solver ReFRESCO; different options for AMR targets and criteria
should be investigated. In lack of other suggestions from the students during
part 1. , the recommended test case is the model scale container ship tested
in the EU project SONIC.
4. Write a (concise) report with the results of the simulations, guidelines for usage
of AMR in case of cavitating propellers and recommendations for future work.

Figure 1: Adaptively refined mesh for
hydrofoil cavitation (top, Eskilsson
and Bensow [1] and tip vortex cavitation (bottom, Lloyd et al. [2]).

Additional information
The multi-phase viscous flow solver ReFRESCO will be used [3], developed at the
Maritime Research Institute of the Netherlands (MARIN). A final presentation at
MARIN, in the Netherlands, is possible upon the conclusion of the thesis. The work should be conducted preferably by
two students.
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