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ABSTRACT

Characterizing the marine propeller as an individual noise
source is often challenging due to the complex interplay
of multiple inherent noise-generating mechanisms. When
present, cavitation-induced noise is typically the dominant
noise-generating mechanism; however, its influence on un-
derwater radiated noise (URN) can vary depending on the
type of cavitation occurring in a given operating condition.
Isolating the different noise-generating mechanisms of the
propeller is therefore essential for improving scientific in-
sight and addressing the complexities of propeller under-
water noise.

This paper describes a ‘holistic’ full-scale URN measure-
ment campaign undertaken onboard a fishery research ves-
sel with a controllable pitch propeller, aimed at understand-
ing and isolating different noise-generating mechanisms of
the propeller and their influence on the radiated noise spec-
trum. The range of sensors deployed include hydrophones,
hull-mounted pressure sensors, visual cavitation record-
ings, accelerometers around machinery foundations, and
onboard data-loggers. In particular, the focus on the cur-
rent study is distinguishing different types of propeller cav-
itation, and assessing their influence on the radiated noise.
The resulting dataset provides valuable reference data for
numerical prediction tools, while measurements under re-
alistic vessel conditions enhance both scientific and regula-
tory relevance.
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1 INTRODUCTION

Over the past decade, the issue of underwater radiated noise
(URN) has shifted from a predominantly naval concern to
a central environmental and regulatory challenge. Grow-
ing global shipping activity has contributed to elevated low-
frequency background noise levels in the oceans, with sig-
nificant consequences for marine species — particularly
marine mammals that depend on acoustic communication
for navigation and foraging (Arctic Council 2025).

Ship propellers represent one of the dominant sources of
URN, largely due to cavitation phenomena that generate
both narrowband tonal components and broadband acous-
tic emissions across a wide frequency range (Arveson &
Vendittis 2000; Gaggero et al. 2016). These emissions,

together with pressure-pulses and other hydrodynamic ef-
fects, have become increasingly important design con-
straints alongside the classical objectives of propulsive effi-
ciency, and avoidance of erosive cavitation. Full scale pre-
diction of URN through model testing continues to be a
major challenge because of scaling limitations.

Within the International Maritime Organization’s (IMO)
Experience Building Phase on URN, the Sub-Committee
on Ship Design and Construction (SDC 12) Expert Group
identified critical gaps — including a lack of holistic
URN-design integration, the need for additional full-scale
datasets, and the high cost of measurements — and empha-
sised the importance of supporting draft technical guidance
on co-optimising energy efficiency and URN (IMO 2026).

The work described in the current paper is directly aligned
with these ongoing regulatory developments. A ‘holistic’
full-scale URN measurement campaign is undertaken on-
board a fishery research vessel with a controllable pitch
propeller (CPP), aimed at understanding and isolating dif-
ferent noise-generating mechanisms of the propeller and
their influence on the radiated noise spectrum. The noise
measurements are aimed at separating contributions from
different noise-generating sources such as the propeller
noise including different cavitation types and machinery
noise (main engine, auxiliary engine and gearbox).

A non-exhaustive summary of similar experimental charac-
terization of URN, from published literature is as follows:
Under the European Union research project SONIC, which
was aimed at investigating propeller URN, in-situ URN
measurements supported by pressure-pulse measurements
and cavitation observation were performed on Newcastle
University’s Research vessel, The Princess Royal (Turk-
men et al. 2017). Full-scale URN measurements of M/T
Olympus were undertaken in March 2014 under the collab-
orative research project AQUO (Achieving QUieter Oceans
by shipping noise footprint reduction) (Tani et al. 2016).
An experimental study on the effect of propeller pitch vari-
ation on URN from ships with CPPs was done by Zhu et al.
(2022) for the research vessel Nawigator XXI.

What distinguishes the current study from previous full-
scale investigations is the systematic and extensive varia-
tion of operating conditions, enabled by the investigated
controllable-pitch propeller. We investigate pitch ratios
from 35% to 90% and four different propeller rotational



speeds, resulting in a significantly comprehensive opera-
tional matrix. With the aim of isolating propeller noise-
generating mechanisms, the range of sensors deployed in-
clude hydrophones, hull-mounted pressure sensors, cavi-
tation recordings, accelerometers around machinery foun-
dations, and onboard data-loggers. In particular, the fo-
cus on the current study is distinguishing different types
of propeller cavitation, and assessing their influence on
the radiated noise. The combination of an extensive op-
erational matrix that covers different cavitation types and
a wide array of measurement sensors aims to provide a
‘holistic’ understanding of the contribution from different
noise-generating mechanisms.

2 URN MEASUREMENT CAMPAIGN

The study aims to identify and characterize noise sources
on board a vessel and to isolate the acoustic effects of
different cavitation types. As part of a holistic measure-
ment campaign conducted within an industrial collabo-
ration with DNV, a contemporary vessel equipped with
an Everllence propulsion system, including a controllable
pitch propeller (CPP) and preferably DNV silent class no-
tation, was sought.

Full access to the propeller design, the combinator curve,
and ideally the vessel geometry is required to enable a de-
tailed analysis. The CPP configuration allows for a con-
trolled variation of pitch and propeller turn rate, making it
possible to provoke and study distinct cavitation regimes
and their combinations. In return, an acoustically opti-
mized combinator curve can be offered to the vessel owner.

The operator of the vessel Tarajoq had expressed openness
to collaboration and interest in improving the ship’s acous-
tic signature. The availability for a test day and the absence
of disclosure restrictions regarding vessel and noise related
data further strengthened the suitability of this collabora-
tion partner for the research campaign.

2.1 Vessel

The Fishery Research Vessel Tarajoq, built in 2021, is
owned and operated by the Greenland Institute of Natu-
ral Resources (Grgnlands Naturinstitut) and sails under the
Greenlandic flag. As a modern multipurpose research plat-
form, Tarajoq is designed to support fisheries and ecosys-
tem surveys in Arctic waters. A key operational parameter
for the owner is the vessel’s Underwater Radiated Noise,
as controlled acoustic emissions are essential to obtain re-
liable scientific measurements and ensure minimal distur-
bance of marine fauna. The principal characteristics of the
vessel and details of major onboard machinery are summa-
rized in Table 1.

2.2 Sensors

A holistic noise measurement campaign requires the simul-
taneous operation of multiple sensors. These include hy-
drophones, cameras, pressure sensors and accelerometers
as well as permanently installed monitoring systems.

Far-field URN is captured following the methodology
for measurements in shallow water as described in the
DNV class guideline (DNV 2022). Seabed-mounted hy-

Specification Value

Length Overall 61.4m

Lpp 534 m

Beam 16.0 m

Gross Tonnage 2896 GT
Service Speed 14 kn

Main Propulsion Engine MAN 8L27/38

Generator 1

Generator 2

Propeller

Number of Blades
Diameter

Ae/Ao

Nominal turn rate

2920 kW @ 800 rpm
Resilient mounting

MAN 12V175D
1800 kW @ 1800 rpm
Double-resilient mounting

MAN D2862
760 kW @ 1800 rpm
Double-resilient mounting

Single CPP
5

3800 mm
0.68

147.2 rpm

Table 1: Vessel characteristics

Sensor Model
Hydrophone Oceansonics iClisten RB9-ETH
Pressure sensors PCB 106B
Accelerometers B&K 4396
Metra MMF KS77
Metra MMF KS76
Telemetry T24-Safi (Sensor transmitter)
Mantracourt T24A011
(Analogue Output Module)
Borescope JR Instruments

Borescope camera  Point Grey Grasshopper

Table 2: Technical specifications for the sensors

drophones at a depth of approximately 35 m serve as the
URN measurement device. Near-field pressure fluctuations
are measured by hull-mounted sensors located at the aft
of the vessel. Additional onboard measurements include
accelerometers on foundations of major machinery and a
torsionmeter on the propeller shaft to determine delivered
power with low uncertainty. The technical specifications of
the sensors are given in Table 2.

Regular bridge and engine control room logs provide com-
plementary operational data such as propeller pitch, engine
turn rate and power, hotel load, draft, vessel trim, and wind
conditions. Visual observations are obtained using a per-
manently installed propeller inspection window, allowing
for imaging about 80% of the tangential blade positions
from top-view, slightly downstream. High-speed record-
ings are captured using a handheld camera allowing alter-
nating views of both port and starboard side, thereby cov-
ering most blade positions except for a small region at the
lower arc.






