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ABSTRACT

Growing concern over rising ocean background noise from
shipping activities and its impact on marine life has at-
tracted significant attention in recent decades. Mitigating
propeller underwater radiated noise (URN) is one of the
design targets for ship propellers. Meanwhile, to satisfy
with increasingly stringent environmental regulations, var-
ious energy saving devices have been developed to im-
prove propulsion efficiency. Achieving an effective bal-
ance between propulsion efficiency and reduced acoustic
emissions therefore is currently a major challenge in ma-
rine design. Forward skew designs offer several potential
advantages, including delayed flow separation, the ability
to operate at high angles of attack and reduced tip-vortex
strength through the redirection of spanwise flow from tip
to root. These effects may help lower far-field acoustic sig-
natures while maintaining high efficiency. Despite these
theoretical benefits, forward skew design concepts have
rarely been applied in marine applications, and their per-
formance remains poorly understood. In this study, two
forward skew propeller designs were developed based on a
conventional marine propeller. The hydrodynamic and hy-
droacoustic performances of both the benchmark and the
modified designs were evaluated using computational fluid
dynamics (CFD) based on the Reynolds-Averaged Navier-
Stokes (RANS) approach. The results provide insight into
the potential of forward skew design strategies for reduc-
ing underwater noise without compromising propeller effi-
ciency.
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1 INTRODUCTION

Underwater radiated noise (URN) from vessels has become
an increasingly important topic over the past few decades
(Jalkanen et al 2022; Kaplan & Solomon 2016). This is
due not only to the growing demand for onboard comfort in
ship design, but also to increasingly stringent environmen-
tal regulations and specification standards concerning the
underwater radiated noise. In addition, while cruise ships
and yachts require high comfort levels for passengers and
owners, naval vessels demand a high level of stealth perfor-

mance. Among the various sources of underwater radiated
noise from ships, propeller noise is one of the most domi-
nant sources. It arises primarily from cavitation noise and
hydrodynamic flow induced noise associated with strong
wake turbulence, in addition to structural vibration and en-
gine noise.

Recently, new propeller designs such as winglet propellers
(Posa 2023) and tubercle-assisted propellers (Stark & Shi
2021) have been introduced to improve hydrodynamic per-
formance. However, these designs generate stronger and
more complex vortex structures in the propeller wake,
which can in turn modify acoustic emissions. Achieving a
balance between high propulsion efficiency and low acous-
tic emission is now the goal in propeller design. From
an acoustic point of view, both advanced and conventional
propeller designs still require more fundamental investiga-
tion, particularly in relation to the complex far-field vor-
tex dynamics associated with sound generation (Posa et al
2022). Forward skew concepts in aircraft wings and fans
have been tried and demonstrated some favourable aerody-
namic performance at high angles of attack on wings to-
gether with improved acoustic characteristics on fans (En-
via & Nallasamy 1999; Dittmar et al 2003; Weir & Pod-
boy 2005; Fite 2006) . Motivated by these potential advan-
tages and by the limited application of forward skew con-
ceptions in marine propeller design, two forward skew pro-
pellers were developed based on a reference propeller. Hy-
drodynamic performance was evaluated using Reynolds-
Averaged Navier-Stokes (RANS) simulations, while the as-
sociated far-field acoustics were predicted using the Ffowcs
Williams-Hawkings (FW-H) acoustic analogy.

2 PROPELLER GEOMETRY AND FORWARD SKEW DE-
SIGNS

Figure 1 presented the geometry of the benchmark pro-
peller, and based on this benchmark design, two forward
skew propellers were developed with forward skew an-
gles of 17.5 degree (Design-I propeller) and 12.5 degree
(Design-II propeller) at /R = 0.7, where r denotes the lo-
cal radial distance measured from the propeller axis, and R
is the radius of the propeller. The front views of the three
propellers are presented in Figures 1(a-c), and the corre-
sponding side views are given in Figures1(d-f). Both the



benchmark propeller and the forward skew propellers are
controllable-pitch propellers, intended to broaden the oper-
ating range. The diameter of the model propeller is 0.25 m
and the diameter of the hub is 0.05 m.
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Figure 1: Geometry of the propellers: (a,d) benchmark pro-
peller; (b,e) Design-I propeller; (c,f) Design-II propeller.

3 NUMERICAL APPROACH

3.1 Hydrodynamic Solution and Acoustic Prediction
The hydrodynamic flow field was solved using the im-
plicit unsteady incompressible Reynolds-Averaged Navier-
Stokes (RANS) solver with Shear-Stress Transport (SST)
k-w turbulence model in commercial software Simcenter
STAR-CCM+. A rigid body motion (RBM) approach was
adopted, with the propeller rotating at a constant speed of
18 rps, to obtain the open water performance curve. The
time step was set to 0.001 s, corresponding to 6° of pro-
peller rotation per step. All simulations were run for 90
revolutions, in total physical time of 5 s. Fluid properties
were specified for a water density of 997 kg/m3 and a sound
speed of 1500 m/s within the numerical domain and outside
of the numerical domain. Hydrodynamic performance of
the benchmark and forward skew propellers were charac-
terised by using the following non-dimensional parameters.
The advance coefficient J, defined as
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where Va denotes the advance velocity (m/s), n is the pro-
peller rotation rate (rps), and D is the propeller diameter
(m). For each advance coefficient, the thrust coefficient,
K+, is defined as
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where T denotes the propeller thrust (N), and p is the water
density (kg/m®). The torque coefficient, Kq, is defined as
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where @ is the torque (N m). The hydrodynamic efficiency,
7, is defined as
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The FW-H acoustic analogy equation is expressed as
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where [J2 is the wave operator (m~?2), pg is the density of
the undisturbed fluid (kg/m?), and YV = un —wvn, where u
and v denote the fluid and surface velocities (m/s), respec-
tively. The term p represents the flow pressure disturbance
on the FW-H surface (Pa) and Tij is stress tensor. In the
present study, pressure fluctuation p’, is obtained from the
FW-H acoustic analogy based on incompressible flow field
data and the acoustic pressure was collected in the time do-
main at each time step. The overall sound pressure level
(OASPL) is defined as

OASPL = 20log, , <p”ns> (©6)
ref
where p.,s denotes the total acoustic pressure (Pa), ob-
tained by summing all acoustic pressures in the frequency
domain according to the root sum square rule , and pyef is
the reference pressure, which is taken as 1 x 10~% Pa for
underwater acoustics.

3.2 Numerical Domain

The computational domain consisted of a static cylindrical
region with a total length of 18D and a diameter of 12D
and a rotation domain extended 6D from the propeller cen-
tre, where D denotes the diameter of the propeller. The
inlet was located 6D upstream of the propeller and was de-
fined as a velocity inlet, while the outlet was positioned
10D downstream and defined as pressure outlet shown in
Figure 2. The boundary between the stationary region and
the rotating region was connected via an interface.
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Figure 2: Numerical domain and boundary conditions.

3.3 FW-H Configuration and Far-Field Receivers






