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Abstract: Propeller designers often need to base their design on the nominal model scale wake
distribution because the effective full scale distribution is not available. The effects of such incomplete
design data on cavitation performance are examined in this paper. The behind-ship cavitation
performance of two propellers is evaluated, where the cases considered include propellers operating
in the nominal model and full scale wake distributions and in the effective wake distribution, also in
the model and full scale. The method for the analyses is a combination of RANS for the ship hull
and a panel method for the propeller flow, with a coupling of the two for the interaction of ship and
propeller flows. The effect on sheet cavitation due to the different wake distributions is examined for
a typical full-form ship. Results show considerable differences in cavitation extent, volume, and hull
pressure pulses.
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behind the ship adds to the complexity of the problem because the propeller-hull interaction modifies
the inflow field to the propeller as well.

Single-screw ship wake fields are usually characterized by a strongly non-uniform distribution
of velocities with a wake peak at the 12 o'clock position, where the axial velocities are particularly
low. This means that the blade sections of a propeller operating behind the ship experience strong
variations in angle of attack. As the hydrostatic pressure acting on the blade reaches its minimum at
the same time as the blade experiences high angles of attack while passing through the wake peak,
this region of the wake field is particularly critical in terms of cavitation.

Analyzing the different factors influencing propeller cavitation and related erosion and vibration
issues, an ITTC propulsion committee [1] pointed out that, for large container ships with highly-loaded
propellers, the wake field characteristics—and not propeller geometry details—are the key to achieving
decent propeller cavitation performance.

Especially the depth of the wake peak, ie., the difference between the lowest axial velocity
occurring there and the maximum velocity in the propeller disk, is of decisive importance for the
cavitation performance of a propeller behind the ship. When uniformly scaling the nominal wake
velocities to match the effective wake fraction, the width and depth of the wake peak are unlikely to be
represented properly.

As this has been known for many years, different methods exist for estimating the full scale
wake field of a ship, covering a rather wide range of complexity and sophistication. Usually the
nominal wake field, measured at model scale, serves as input for these methods. A review of the most
commonly used scaling methods was carried out some years ago by an ITTC specialist committee
on wake field scaling [2]. That report mentions the simplest form of wake scaling, where one only
scales the wake field by changing the magnitude of the velocities uniformly to match a target wake
fraction, as already described above. In that case, the shape of the isolines of the input field (usually the
measured nominal wake field) remains unchanged. Therefore, even calling this procedure a “scaling
method” is questionable. While the shortcomings of this approach are well-known, it still appears to
be commonly used for its simplicity.




