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RANS Computation of Propeller Tip Vortex Flow
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The steady-state tip vortex flow generated by a marine propeller has been computed using a RANS solver. A spiral-like
structured grid with grid concentration aligned with the vortex core was generated. Validation studies have been carried
out for the David Taylor Model Basin (DTMB) 5168 propeller model at the open-water condition. Various eddy viscosity
turbulence models and Reynolds-stress models were employed in the computations. The effect of the turbulence modeling
and the grid resolution on the solution was investigated. The computed velocity field was compared with experimental data.

INTRODUCTION

Propeller cavitation is of major concern for warships, research
ships, ferries and cruise ships since it is the predominant source
of propeller-generated noise and vibration. Cavitation not only
influences low-frequency propeller-induced pressure fluctuations
on the ship hull, but also increases high-frequency noise levels in
ships. The increase of underwater self-noise with increasing cavi-
tation reduces the ship’s sonar detection capabilities considerably.
Propeller cavitation can appear in many different forms, includ-
ing tip vortex, sheet, cloud and supercavitation, depending on the
propeller design and operating conditions. Tip vortex cavitation is
usually the first to appear. It is important for a ship to have pro-
pellers with a maximum cavitation-free speed range. In order to
avoid or control tip vortex cavitation, the physics of the propeller
vortex flow needs to be fully understood.

The understanding of the detailed pressure field for propeller
vortex flow is crucial to the prediction of cavitation inception.
The detailed features of the tip vortex flow around a marine pro-
peller configuration can be revealed by using advanced flow visu-
alization and non-intrusive measurement techniques. For exam-
ple, Chesnakas and Jessup (1998) used Laser Doppler Velocime-
ter (LDV) systems to obtain the detailed velocity measurements
of a propeller at downstream locations. Di Felice et al. (2004)
demonstrated the capability of Particle Image Velocimetry (PIV)
for identifying the flow structures in the wake of a propeller. In
spite of the success in measurement of propeller flow features,
the pressure field still remains unclear due to the limitations of
measurement techniques. It is desirable to provide the detailed
pressure field by numerical simulations.

The numerical methods for solving RANS equations are most
appealing for marine propeller flow in comparison with other
methods such as Direct Numerical Simulations (DNS) and Large
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Eddy Simulations (LES) due to their lower computational require-
ments. RANS methods have been extensively used to evaluate
performance of marine propellers: Abdel-Maksoud et al. (2004)
analyzed the effect of the hub cap shape on propeller per-
formance using the commercial RANS code, CFX-TASCflow.
Abdel-Maksoud and Heinke (2002) predicted the velocity distri-
bution in the gap region of a ducted propeller using the same
code. Chen and Stern (1998) carried out RANS simulation of a
marine propulsor at design condition. Simonsen and Stern (2005)
computed the hull-rudder-propeller interaction by coupling RANS
and potential codes. However, numerical studies on the tip vortex
flow of open marine propellers are somehow limited except for
some earlier studies, for example, Hsiao and Pauley (1999).

There are 2 major difficulties with numerical computations of
marine propeller vortex flows. The first difficulty is due to the
large gradients of the velocity field within the boundary layer
of blade surfaces and the shed tip vortices. To accurately trace
the tip vortices over a distance, high grid resolution is required
in these regions. This leads to a challenge in gridding, i.e., how
to effectively allocate the grids in the computational domain so
that the best possible solution accuracy can be achieved with a
reasonable amount of grids. Due to the complexity of vortex flow
generated by marine propellers, an appropriate grid generation
scheme has to be developed by addressing the following issues:

• A fine grid is needed to adequately resolve the vortex. Hsiao
and Pauley (1999) suggested that at least 15 grid points across the
tip vortex core should be used to obtain a reliable near-field tip
vortex for marine propellers. Hally and Watt (2002) investigated
the effect of grid density on the evolution of a laminar vortex.
They found that the computed results tended to match the the-
oretical solutions as the number of cells across the vortex core
increased.

• The grid density on the propeller blade surface, especially
within the boundary layer, must be sufficient so that boundary
layer effects can be well-predicted.

• Grids must be smooth throughout the computational domain.
Another difficulty for the computation of propeller tip vortex

flow arises from turbulence modeling. Propeller flows involve a
non-equilibrium boundary layer. The flows off the propeller blades
are dominated by strong rotation in the vicinity of the tip vor-
tices. Studies of the effect of turbulence modeling on the pro-




