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ABSTRACT
With increasing awareness and regulatory scrutiny of an-
thropogenic underwater radiated noise (URN), accurate
prediction methods have become increasingly important.
While most existing studies focus on cavitation behaviour
at design conditions, the present paper investigates cavita-
tion characteristics at reduced pitch angles and within con-
strained waterways. The reduced pitch angle leads to dis-
tinctly different cavitation dynamics, including the occur-
rence of sheet cavitation on the pressure side of the blade.

These effects are analysed using several innovative ap-
proaches, ranging from relatively straightforward tech-
niques such as the permeable Ffowcs Williams-Hawkings
(FWH) method and the Rayleigh-based method to more ad-
vanced models, including the cavitation thickness method
proposed by Tomy et al. (2024) and the acoustic over-
lapping mesh (AOM) method developed by Wang et al.
(2022).
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1 INTRODUCTION
Radiated noise induced by ships requires attention for a
variety of reasons. Low noise levels improve the well-
being of crew members and passengers and are therefore
addressed by the IMO Resolution MSC.337(91), Code on
Noise Levels on Board Ships, adopted by the Maritime
Safety Committee and in force since 2014. In addition, sea-
farers are protected under the Maritime Labour Convention
(MLC) 2006, which also entered into force in 2014. How-
ever, unlike IMO Resolution MSC.337(91), the provisions
of the Maritime Labour Convention become binding only
when they are incorporated into national legislation or the
rules of classification societies.

Beyond occupational health considerations, radiated ship
noise is also relevant for operational and environmental
reasons. For naval and research vessels, reduced noise
levels increase the effectiveness of onboard sensors while
simultaneously decreasing the vessels’ detection range,
thereby improving survivability (Wittekind, 2015). For re-
search vessels in particular, the ICES 209 standard specifies

permissible noise emissions to ensure the quality of acous-
tic measurements (Mitson, 1995). Furthermore, marine
life is significantly affected by anthropogenic underwater
noise. Such emissions can impair natural behaviour, hin-
der communication and migration (Johnston and Painter,
2024), and, according to some studies, may even lead to
stranding and mortality (National Research Council (US)
Committee, 2023).

The International Maritime Organization (IMO) has there-
fore issued MEPC.1/Circ.833, Guidelines for the Reduc-
tion of Underwater Noise from Commercial Shipping to
Address Adverse Impacts on Marine Life, which encour-
ages member states to take measures to limit underwater
noise emissions. In response, the European Union has in-
troduced binding limits following agreement on threshold
values by a group of experts (Morin, 2024; Sigray et al.,
2023).

A further challenge arises from the fact that optimizing pro-
peller efficiency can lead to increased cavitation (Krüger,
2021). Cavitation is a significant—and often the domi-
nant—source of radiated ship noise (Jalkanen et al., 2018;
The Specialist Committee on Hydrodynamic Noise, 2021)
and therefore receives particular attention in this paper.
Consequently, minimizing acoustic emissions from ships,
especially cavitation-induced noise, is not only of great en-
vironmental importance but is also increasingly required by
regulation.

In consideration of the aforementioned, this paper inves-
tigates different methods for calculating underwater noise.
The approaches are first applied to a simplified test case
of a sphere and subsequently to a full-scale ship operat-
ing in the port of Travemünde, Germany, for which acous-
tic measurements are available. In shallow waters, limited
water depth alters the operating conditions of the propeller.
Among other effects, this results in increased ship resis-
tance and modifications to the ship wake (Poojari and Kar,
2016). These hydrodynamic conditions may vary further
depending on the development of scour formations in the
harbour sole. Accordingly, the previously mentioned meth-
ods are subsequently applied to a model ship operating over
different scour geometries. While many studies focus on
cavitation under design operating conditions, this paper in-



vestigates the operation of controllable pitch propellers at
reduced pitch settings. It considers the effect of sheet cavi-
tation on the pressure side of the propeller blades on noise
radiation.

2 NUMERICAL METHODS
The calculation of ship-generated noise is a complex task.
While it is theoretically possible to determine the pres-
sure fluctuations using a fully compressible CFD simula-
tion, such an approach is generally not feasible in practice.
Accurately resolving acoustic phenomena would require a
very fine temporal discretization to satisfy the Nyquist cri-
terion. In addition, an accurate CFD simulation demands a
fine spatial discretization around the body in order to cap-
ture the low fluid velocities and avoid excessive numerical
dissipation.

In contrast, the speed of sound in water is orders of mag-
nitude higher, approximately 1480 m/s depending on tem-
perature and salinity. Consequently, low-frequency sound
waves have very large wavelengths, often exceeding 100
m, and propagate with relatively little attenuation. Re-
solving both the hydrodynamic flow field and the acous-
tic waves within the same numerical framework, therefore,
leads to extremely high computational costs. As a result,
such fully coupled approaches are rarely applied in prac-
tice, except in some academic studies or specialized appli-
cations (Schwartzkopff and Munz, 2003).

An alternative approach is to perform an incompress-
ible CFD simulation and subsequently derive the resulting
acoustic field using the Ffowcs Williams-Hawkings (FWH)
acoustic analogy. The underlying CFD simulation is of-
ten carried out using Reynolds-Averaged Navier–Stokes
(RANS) methods; other approaches, such as potential flow
models (Göttsche et al., 2017) or Detached Eddy Simula-
tion (DES) (Tomy et al., 2024), may also be employed. It
should be noted, however, that only phenomena resolved
within the flow simulation can be represented in the subse-
quent acoustic analysis.

The acoustic analogy is based on the Lighthill equation,
which was derived from the compressible Navier–Stokes
equations. This formulation assumes that pressure fluctua-
tions p0 generated by turbulence propagate through the sur-
rounding medium as acoustic waves. Here, p0 denotes the
acoustic pressure, which is distinct from the hydrodynamic
pressure obtained directly from the CFD simulation.

The Ffowcs Williams-Hawkings (FWH) model is an exten-
sion of Lighthill’s acoustic analogy that also accounts for
sound generated by surfaces in arbitrary motion (Lockard,
2002) (Siegert et al., 1999) (Ffowcs Williams and Hawk-
ings, 1969) (Cianferra, 2016-2017). In the classical FWH
formulation, the propagation of sound waves is calculated
without explicitly considering the surrounding environ-
ment or the fluid domain between the source and the re-
ceiver. Consequently, effects such as reflection, blockage,
or refraction are not taken into account unless they are im-
plemented separately. If necessary, such propagation ef-
fects can be incorporated in a post-processing step, for ex-
ample, by modelling reflections of the emitted sound field

(Göttsche et al., 2017).

In this work, the FWH model is used in its integral form,
namely the Farassat Q1A formulation:
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The acoustic pressure at the receiver is calculated as the
sum of three components: the thickness term pT , the load-
ing pL and the volume (or turbulence) term pV . These
contributions correspond to the monopole, dipole, and
quadrupole source terms, respectively. Tij is the Lighthill
stress tensor and Mi is the vectorial Mach number speed.
The subscript r indicates the component in the direction of
the receiver.

Due to the different distances to the receiver, r, and the fi-
nite speed of sound, c0, the sound emitted from each cell
on the surface f = 0 or from each Volume V outside
the surface f is received at different times. This delay is
accounted for through so-called retarded time, t � r=c0.
This effect may be neglected if the Helmholtz number
He = l=� is significantly below 1 (Göttsche et al., 2017).
In this case, the spatial extent of the sound sources is much
smaller than the wavelength of the emitted sound wave, and
the source can be considered acoustically compact. The
disadvantage of this assumption is that the maximum ac-
curately observable frequency is limited, since higher fre-
quencies correspond to shorter wavelengths.



The large number of cells in the CFD volume requires
considerable computational effort and time. Several ap-
proaches have been proposed to reduce this cost, the most
common being the so-called permeable or Kirchhoff FWH
formulation. In this approach, the integration surface f is
placed at some distance from the body surface. Conse-
quently, the u fluid velocity is no longer identical to the
surface velocity v.

If the integration surface fully encloses all turbulent flow
regions, the volume term can be neglected, significantly re-
ducing the computational effort. However, this approach
has several disadvantages. Spurious acoustic signals may
occur when vortical structures cross the integration sur-
face. In addition, the extrapolation of the flow field onto
the permeable surface may lead to an underestimation of
the radiated noise (Cianferra, 2016–2017). Furthermore,
the method has limited applicability at higher frequencies
(Mendez et al., 2013). This limitation is related to the grid
cut-off frequency, which decreases with increasing distance
from the body surface due to the larger cell sizes typically
used in these regions.

With the non-permeable FWH model, it is also possible to
neglect the volume term if it is either small enough or if the
effects of interest are modelled separately. This approach
is applied by Tomy et al. (2024) using monopole sources
located on the cavitation surface, thereby modelling it as a
moving but impermeable surface.
This approach is illustrated in figure 1 and the following
equations, where tc is the thickness of the cavitation.

vn = _tc (9)
tci = nCavity �max(nBlade; njet) (10)

Figure 1: Schematic representation of the cavitation thickness
calculation according to(Tomy et al., 2024)

A second method consists of applying Rayleigh’s formula
(Rayleigh, 1917):

p0
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4�r
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This equation describes the sound pressure emitted by a
bubble with the volume Vcav , where �l is the density of
the surrounding fluid. The advantage of this approach is
that it can be easily implemented as a monitor in the fluid
solver. If desired, the calculation can also be restricted to
specific regions, for example, to evaluate only the contri-
bution of tip cavitation. A disadvantage of this method is
that it neglects the actual surface orientation as well as the
retarded-time differences between individual surface cells.

A novel approach that aims to make the calculation of
the volume term computationally feasible is the acoustic
overlapping mesh (AOM) method proposed by Wang et al.

(2022) and (2024) which is illustrated in fig. 2. In this
method, the acoustic sources are first calculated at each
time step on the fine CFD mesh. These sources are then
mapped onto an overlapping acoustic mesh with reduced
resolution and, therefore, a smaller number of cells. The
acoustic pressure at the receivers is subsequently computed
using this coarser mesh.

When evaluating multiple receivers, Wang et al. (2022) re-
ported significant reductions in computational time while
still maintaining accurate results. The method can also of-
fer computational savings when only a single receiver is
considered, due to the reduced number of cells involved
in the retarded-time calculation. However, this advantage
is partly offset by the additional computational effort re-
quired for the mapping process between the CFD mesh and
the acoustic mesh.

Figure 2: Concept of the acoustic overlapping mesh (Wang et
al., 2025)

The reduced number of cells also leads to significant stor-
age savings when the acoustic source strengths are saved
for the retarded time calculation. Additionally, it offers
space savings by not needing to save as much data for the
acoustic pressure calculation with retarded time. However,
the method also has several disadvantages. First, its imple-
mentation can be difficult in closed-source CFD solvers.
Second, the displacement of the acoustic sources due to
the mapping process introduces both a phase shift and a
change in magnitude. These effects arise from the mod-
ified distance r to the receiver, as well as from changes.
Both can be estimated using the equations given in (Wang
et al., 2024).

As a cavitation model, the Schnerr-Sauer model was used.
This model is based on the Rayleigh-Plesset equation but
disregards the effects of viscosity, surface tension, and the
second order derivative term. Under these assumptions, the
bubble radius R evolves according to

_R =

r
2

3

pv � p

�l
: (12)

Here, pV denotes the vapour pressure, p the far field pres-
sure, and �l the liquid density. The vapour phase is trans-
ported according to the Euler transport equation. Due to
the usage of a Reynolds-averaged Navier–Stokes (RANS)



approach, certain cavitation phenomena—such as tip vor-
tex cavitation and hub vortex cavitation—are expected to
appear only to a limited extent or may not be captured at
all.

The cavity volume used in the Rayleigh-based approach
was evaluated from the vapour volume fraction field as

Vcav(t) =
X

k2
prop

�v;k(t) �Vk (13)

where the summation was performed over the cells in the
corresponding propeller region.

The original implementation of Tomy et al. defines the
sheet-cavity surface as the exterior boundary of an iso-
volume based on a vapour-volume-fraction threshold. In
the present work, however, the cavity surface used for the
cavitation-thickness method was extracted as the vapour-
pressure isosurface, p = pv , and exported as STL files
at each time step. The local cavity thickness was then
evaluated from the intersection between this surface and
the blade-normal direction. We also agree that the choice
of cavity-boundary definition can influence the evaluated
cavity thickness, the cavity volume, and consequently the
predicted SPL. Since the Rayleigh pressure is proportional
to �Vcav, and the thickness method depends on _tc, changes
in the cavity-boundary criterion may affect both the abso-
lute level and the spectral content. A systematic sensitivity
study with different vapour-volume-fraction thresholds was
not performed in the present work and has therefore been
added as a limitation.

3 NUMERICAL SIMULATIONS
The above described methods were implemented in
the RANSE-solver in STAR-CCM+ 2206.0001 Build
17.04.008 R8 and a multi-stage verification procedure was
conducted. In all simulations, the RANSE-solver was em-
ployed to account for cavitation, which, as discussed pre-
viously, represents the main contributor to ship-generated
noise. Using a RANS-based approach allows the cavitation
occurring on the propeller, except for tip vortex cavitation
and hub vortex cavitation, to be captured with sufficient ac-
curacy while significantly reducing the computational cost
compared with a DES approach.

First, an analytically solvable case of a pulsating sphere
was used as a reference to validate the underlying FWH
equations. It also served as the basis for a mesh study to
determine the grid resolution required for the acoustic over-
lapping mesh (AOM) method; see fig. For this purpose, five
different AOM meshes were employed, in addition to the
original CFD mesh used for the calculation of the Lighthill
term, see Fig. 3.

The AOM was implemented by defining the Lighthill terms
as field functions, which were then mapped using the built-
in STAR-CCM+ data mapper into an additional mesh. This
auxiliary mesh is only used for the acoustic evaluation and
does not influence the CFD calculation.

(a) CFD mesh, 565054 cells (b) AOM, 49625 cells

(c) AOM, 10689 cells (d) AOM, 1176 cells

Figure 3: CFD mesh and different acoustic overlapping
meshes

The mapper source terms, together with the correspond-
ing AOM cell volumes, were exported and subsequently
summed using an external python program. While
Rayleighs formula 11 can be used to describe the acous-
tic behaviour of the pulsating sphere and also represents
the analytical solution for this case, the cavitation thick-
ness method proposed by Tomy et al. (2024) could not be
applied due to the absence of cavitation on a surface.

For the solid FWH model, data from the sphere surface
were exported and processed using a Python script. Al-
though the evaluation of the thickness and loading terms
for the sphere could, in principle, be performed entirely
within STAR-CCM+, exporting the data was necessary to
establish the workflow required later for the Tomy cavita-
tion model.

The permeable FWH method was implemented by defin-
ing several permeable integration surfaces in STAR-CCM+
and subsequently applying the built-in FWH model. The
computational results for the sphere case are presented in
Section 4 and are used to estimate the required resolution
for the full-scale ship.

3.1 Full-scale
The subsequent verification involved the simulation of the
acoustic field induced by a real vessel, the RoRo ferry
Finntide, operating in the Port of Lübeck. For this vessel,
both the measured acoustic profile and the ship’s Voyage
Data Recorder (VDR) data were available. The simulated
time step corresponds to the moment when the vessel was
at its closest distance to the receiver, which was mounted
on the measurement boat. The position of the measurement
boat and the corresponding spectrogram are shown in Fig-
ure 4 and in Table 1. The measurements were conducted
by the Leichtweiß-Institute for Hydraulic Engineering and
Water Resources (LWI) as part of the joint IHATEC re-
search project Propellerstrahl (Aberle et al., 2025a).



Figure 4: Position and acoustic measurement during the clos-
est approach to the measurement boat. The circle marks the
ship bow and the cross marks the stern (Abdel-Maksoud et
al., 2025)

Table 1: Receiver location and reference information for the
full-scale acoustic evaluation.

Quantity Value
Receiver coordinate, ship-fixed xR = �12:844 m

yR = �98:978 m
zR = 3:9 m

Distance to stb. prop. centre 96:383 m
Distance to port prop. centre 104:276 m
Instant used for the CFD setup Closest point of app.

8:04:35 UTC
Hydrophone depth 3:1 m
Reference measurement LWI measurement,

Propeller Slipstream

In contrast to the previous simulation, cavitation occurred
and therefore had to be considered. For this purpose,
the cavitation thickness method according to (Tomy et al.,
2024) was implemented.

The simulation domain, shown in Figure 5a, represents
a simplified section of the river Trave. This simplifica-
tion is justified because the Ffowcs Williams-Hawkings
(FWH) equation only considers the receiver position and
the source terms, but not the propagation of the acoustic
signal through the actual surrounding space. Consequently,
the simplification does not influence the results as long as
the flow field around the sound-emitting surfaces remains
unchanged.

The receiver was placed at the same location as the mea-
surement boat equipped with the hydrophone. The bottom
of the domain was modelled as a flat, smooth no-slip wall
because the exact bottom geometry was unavailable. Only
the distance from the ship’s keel to the riverbed was known,
which was 7 m. Together with the vessel’s draught of 7.05

m, this resulted in a total domain height of 14.05 m.

The side boundaries and the water surface were modelled
as slip walls. The side walls were positioned asymmetri-
cally but remained parallel in order to better approximate
the river banks while ensuring a nearly constant inflow ve-
locity throughout the domain, except for the blockage ef-
fect caused by the ship. The influence of bottom geometry
will be investigated later using model-scale scour geome-
tries, allowing the associated error to be quantified.

The ship velocity of 2.572 m/s was prescribed at the veloc-
ity inlet, while the ship itself was kept stationary. The outlet
boundary was defined as a pressure outlet with a static pres-
sure of 0 Pa. The flow and tidal currents of the river Trave
were neglected because they were sufficiently small during
the measurements. Both rudders were set to their neutral
position of 0°, and the pitch of the controllable pitch pro-
pellers was set to 30%.

3.1.1 Mesh and Numerical Setup

(a) Full-scale simulation region from the top with the receiver as
a red dot.

(b) Cfd propeller mesh with
7164026 cells

(c) Acoustic overlapping mesh
with 151857 cells

(d) Permeabel FWH surfaces

Figure 5: The simulation region and the exported surfaces
and regions

The computational mesh is shown in Figure 5a and con-
sists of approximately 35 million cells distributed across
several mesh regions. In addition to the background mesh,
each propeller is surrounded by a dedicated mesh region



containing approximately 7.1 million cells. These regions
use an unstructured mesh to better resolve the strong gra-
dients occurring near the propeller blades. The interface
between the propeller regions and the background mesh is
implemented as a sliding interface.

A wall-resolved approach with a target y+ value of approx-
imately 1 was used for the propeller surfaces, while the re-
maining surfaces were modelled with y+ values between
30 and 100.

The rotational speed of both propellers was fixed, and the
total simulation time corresponds to 22 propeller rotations.
The time step was defined as 0.3° of propeller rotation.
With a rotational speed of 132 rpm, the maximum fre-
quency that can be resolved according to the Nyquist the-
orem is therefore approximately 1320 Hz. The minimum
resolvable frequency is limited to approximately 0.1 Hz,
which corresponds to the lowest frequency that completes
one full oscillation during the simulation time.

Since engine noise and structural vibrations were not in-
cluded in the simulation, deviations from the measured
acoustic spectrum are expected in the corresponding fre-
quency ranges.

3.1.2 Acoustic Models
The permeable FWH method was implemented using the
functionality available in STAR-CCM+. The permeable
surface, shown in Figure 5d, was positioned close to the
propeller. This placement minimizes the underestimation
of the sound pressure level and reduces the risk of spurious
acoustic signals caused by insufficient capture of the vor-
tical structures, which may occur due to the use of RANS
modeling.

The Rayleigh method was implemented in two different
ways. The simplest approach involved monitoring the to-
tal cavitation volume within each propeller region. Al-
though computationally efficient, this method provides lim-
ited spatial resolution. A more detailed approach involved
exporting a CSV file containing all cavitation cells at every
time step. This allowed the definition of distinct cavita-
tion regions and the tracking of individual cavitation struc-
tures. In this study, three primary cavitation types were
considered: leading-edge cavitation, tip-vortex cavitation,
and suction-side cavitation

The cavitation thickness method according to Tomy et al.
(2024) was applied by exporting the cavitation surface, de-
fined by the vapour pressure isosurface, as STL files at
every time step, together with the positions of the surface
cells. For each surface cell, the intersection of its normal
vector with the exported STL surfaces was determined to
calculate the local cavitation thickness. These surfaces can
also be used to estimate the cavitation volume. However,
for very thin cavities, volume calculations frequently fail;
due to this unreliability, the volume was not used for this
purpose.

Consistent with Tomy et al. (2024), the effective surface
velocity of the body was adjusted according to the local
cavitation thickness variation, while the acoustic source

position remained at the original body surface. Because
the cavitation isosurface represents an isobaric condition at
the vapour pressure, the pressure and therefore the loading
term were not modified.

The acoustic overlapping mesh (AOM) method was imple-
mented similarly to the sphere case by introducing an ad-
ditional overset mesh in STAR-CCM+ for each propeller,
as shown in Figure 5c. The terms of the Lighthill stress
tensor were defined as field functions and mapped onto the
AOM region. These values, together with the correspond-
ing cell volumes required for the volume integration, were
exported as CSV files and subsequently used in a Python
script to calculate the acoustic pressure at arbitrary receiver
positions.

Without reducing the number of cells from approximately
7.1 million to around 151,000 within the acoustic mesh,
this approach would not have been feasible with the avail-
able storage capacity. Even the Lighthill implementation
included in STAR-CCM+ requires storing cell-resolved
data in order to compute the acoustic pressure, which re-
sults in extremely large storage requirements over rela-
tively short simulation durations.

The solid FWH model was implemented by exporting the
pressure, velocity, and surface normal vectors of the pro-
peller surface cells. These data were then processed to-
gether with the STL geometry files and the cavitation CSV
files.

In the full-scale simulation, the top boundary was not
treated as a deforming free surface but as a slip wall at
the still-water level. Consequently, free-surface wave gen-
eration and wave reflection were not resolved. Moreover,
the FWH-based acoustic post-processing was applied in a
free-field sense and did not account for acoustic reflection,
refraction, or absorption at the water surface, bed, or lateral
harbour boundaries.

3.2 Model-scale
The same verified methods were subsequently applied to
simulate the radiated noise of the same ship with differ-
ent scour geometries in a scale of 1:30. The objective of
these simulations was to quantify the potential error intro-
duced by neglecting the real riverbed geometry and its pos-
sible contribution as an additional acoustic source in the
full-scale simulation.

The scour geometries used in this study were measured
at the Leichtweiß-Institute for Hydraulic Engineering and
Water Resources (LWI) as part of the joint IHATEC re-
search program (Aberle et al., 2025b). The measurements
were performed by placing a propeller-driven model over
a sandy tank bottom while repeatedly scanning the surface
deformation. A more detailed description of the measure-
ment procedure can be found in (Macı́as Lezcano et al.,
2024). From this dataset, the cases with the largest bot-
tom deformation were selected, as they were expected to
produce the strongest flow alterations and consequently the
largest acoustic differences. The corresponding simulation
domains and scour geometries are shown in Figure 7.



(a) Model-scale simulation region from the top.

(b) Ship with the exported bottom and wall surface

Figure 6: Exported Surfaces and regions for the FWH evalu-
ation

Figure 7: Comparison of the scour geometries

3.2.1 Mesh and Numerical Setup
As in the full-scale simulations, the computational mesh
consisted of approximately 35 million cells, including
about 7.1 million cells per propeller region. The simulation
domain is illustrated in Figure 6a. The side walls, the top
boundary, and the wall in front of the ship were modelled
as slip walls, while the wall behind the ship was defined as
a smooth no-slip wall. To represent the roughness of the
sandy bottom, the riverbed was modelled as a no-slip wall
with a roughness height of 0.8 mm.

Most simulation settings were identical to those used in
the full-scale case. The only difference was the time step,
which was defined as 0.5° of propeller rotation. According
to Froude similarity, the propeller rotation rate was set to
725 rpm with a pitch setting of 30%.

The cavitation number was defined at 75% of the blade
radius above the propeller axis. The different FWH ap-
proaches were implemented in the same way as in the full-
scale simulations. The receiver was placed at the geomet-
rically scaled position corresponding to the full-scale mea-
surement point in order to allow direct comparison with the
available measurements, if desired.

While the Python-based post-processing allows the acous-
tic pressure to be evaluated at arbitrary receiver locations,
this is not possible with the acoustic models implemented
directly in STAR-CCM+, which require the receiver to be
located inside the CFD simulation domain.

4 RESULTS AND DISCUSSION

4.1 Sphere
The variation in sound pressure level obtained with the
AOM method, shown in Figure 8, is relatively small de-
spite the significant reduction in cell numbers. Table 2 fur-
ther demonstrates that, even when using five AOM regions
in addition to the CFD mesh, the computational time in-
creased only modestly.

Table 2: Calculation time with and without AOM Meshes

Case time steps �t [min:s]
With five AOM 360 35:15
Without AOM 360 29:58

Compared to the thickness term (not shown here), the con-
tribution of the Lighthill term is small, which is expected
for the case of an oscillating sphere without multiphase
flow.

Figure 8: Comparisons of Lighthillterms for AOM Meshes us-
ing different grid resolutions

These results indicate that the implementation of the AOM
method functions correctly and that, despite a substantial
reduction in cell numbers, it still provides reasonable ac-
curacy. However, applying an equivalent reduction in cells
to more complex problems—such as simulations of a full-
scale ship with cavitation—would likely result in larger er-
rors.

4.2 Full scale
The resulting cavitation and pressure distribution on the
propeller blades are shown in Figure 10. Due to the low
angle of attack, cavitation occurred on both sides of the
propeller blades.

For each acoustic method, the acoustic pressure time his-
tory and the corresponding sound pressure level were cal-
culated. The resulting spectra are presented in Figure 11.

Since no simultaneous optical observations of the full-
scale cavitation pattern were available, the numerical cavity
shapes could not be directly validated. They are therefore
used for qualitative interpretation of the predicted acoustic
sources, while the quantitative comparison is restricted to




