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CFD Modeling of Propeller Tip Vortex over Large Distances
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In this paper, a numerical study has been conducted to investigate the evolution of a ship propeller tip vortex over a large
distance by using Reynolds-averaged Navier-Stokes (RANS) CFD method. In order to reduce numerical dissipation in tracking
the tip vortex, a unique hybrid mesh structure was designed, and a vorticity confinement method was also introduced to
further enhance the high resolution of the tip vortex.

INTRODUCTION

Tip vortex cavitation is one of the major concerns for ship
propeller design in terms of induced noise. In order to predict
tip vortex cavitation inception, it is important to track the vortex
accurately over some distance downstream. However, due to
the inherent numerical dissipation in the advection step of flow
simulation, current Euler and RANS field solvers tend to damp
these vortices too quickly (Löhner et al., 2002). Therefore, higher
mesh density around vortices is required, which may result in
excessive computational cost. Another way to avoid the rapid
dissipation of vortices is to introduce vorticity confinement into the
solver (Steinhoff et al., 1992; Steinhoff and Underhill, 1994).

In this paper, a numerical study has been conducted to investigate
the evolution of a ship propeller tip vortex by using Reynolds-
averaged Navier-Stokes (RANS) CFD method. In order to reduce
the unphysical decay of the tip vortex, a unique hybrid mesh
structure was designed in such a way that higher local mesh
density is distributed in the vicinity of the vortex, and the vorticity
confinement method was also introduced to further enhance the
high resolution of the tip vortex.

TEST CASE

This study was based on the controllable pitch propeller VP1304
experiment, as described by Lübke (2011). The diameter of the
model is 0.25 m. The advance velocity is 7.204 m/s, and the
rotational speed is 23 rev/s, resulting in an advance coefficient of
J = 10253.

Lübke (2011) reported near-field velocities at two planes just
downstream of the blade (Fig. 1). A detailed comparison with
this data was performed, both to demonstrate that it is possible
to capture the near-field behavior and to ensure that the main
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flow-field and starting vortex strength were realistic. The main
objective of the current work is to study propagation of the tip
vortex over distances of several propeller diameters. Experimental
data were not provided at these larger distances, and this part of
the study is purely numerical.

NUMERICAL SETUP

The basic mesh topology is a multi-block hybrid mesh with
conformal periodic boundaries. The block around the blade is
composed of tetrahedral cells with prism layers, and all the other
blocks are composed of hexahedral cells (Fig. 2). In order to
increase the resolution of the tip vortex, an annular block was
introduced downstream of the blade in the vicinity of the vortex. The
computational domain was extended to 4 diameters downstream.

A truly accurate solution needs to consider turbulence modeling
as well as mesh dissipation. In this study, we are looking at mesh
dissipation as a first step, and all calculations were performed with
the Reynolds Stress turbulence model using ANSYS Fluent 13.

VORTICITY CONFINEMENT

In order to avoid the rapid numerical dissipation of vortices,
Steinhoff and co-workers have introduced the concept of vorticity
confinement (Steinhoff et al., 1992; Steinhoff and Underhill,
1994). The basic technique consists of adding a force-term to the

Fig. 1 Measuring planes of the model propeller




