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ABSTRACT

This study investigates the hydroacoustic patterns of
twin counter-rotating propellers, focusing on the in-
fluence of phase shifts between their rotations and the
effects of hull interaction on acoustic wave propaga-
tion. The analysis employs the Full Acoustic Anal-
ogy (FAA), a methodology previously developed by
Petris et al. (2022). The FAA integrates Large Eddy
Simulations (LES) to resolve the fluid dynamics,
the Ffowcs-Williams and Hawkings (FW-H) acous-
tic analogy (Ffowcs Williams and Hawkings, 1969)
to evaluate noise at specific observation points, and a
time-domain wave propagation model to reconstruct
the acoustic field in bounded domains.

The results emphasize the dipole nature of the noise
source and demonstrate that phase shifts between
the propellers significantly affect noise levels and
standing-wave patterns. Noise reduction or amplifica-
tion arises from the constructive or destructive inter-
ference of acoustic waves. Additionally, the presence
of the hull, modelled using the non-reflective hard-
source method (Lamonaca et al., 2024), introduces a
scattering effect that modifies both the amplitude and
directivity of the acoustic source. The study quanti-
fies the magnitude of this effect, highlighting its im-
portance in understanding and mitigating underwater
noise.
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Furthermore, acoustic maps currently used to model
ship traffic noise typically rely on statistical models
that treat each noise source as a point-like emitter at
specific frequencies. This study demonstrates the de-
viation of the complete source here considered - com-
prising two propellers and the hull - from the simpli-
fied monopole model. The findings underscore the
necessity, particularly in shallow waters and confined
domains, to account for the source’s complexity to
achieve accurate noise predictions.

50 150

40+

30F

- 100

z (m)

SPL (dB)

- 50

50 40 30 20 10 0 <10 20 30 40 50
y (m)

Figure 1: SPL of co-rotating twin propellers in unbounded
domain, synchronous case.
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