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Noisy Propulsion
Controlling vibration and noise above and below the waterline

T here is an enormous variety of noise and vibration 
sources on ships—more so than in most land-
based industrial plants. Along this same line, 
mariners do not get to go home to a restful envi-

ronment after an eight-hour shift. Industrial noise control 
modeling is well matured and there is a multitude of mate-
rials that can be used effectively to treat problems. Most of 
these materials would not be allowed by regulatory soci-
eties on vessels, and modeling of shipboard noise is just 
beginning to show some reliability. So how does one make 
the jump from land-based approaches to those appropri-
ate for marine vessels—especially when ships have noisy 
propulsion systems?

It is important to understand the uniqueness of 
marine noise environments and optimal solutions. For 
instance, on land the equipment is grounded, while 
at sea, systems can move with six degrees of freedom. 
Furthermore, there are three separate players when 
considering noise behavior on land or in the marine envi-
ronment. These are the noise source, the path that the 
noise/vibrational energy takes, and the receiver of the 
noise. In a land-based situation, a piece of machinery 

creates pressure f luctuations in the air that travel 
through the air to a person a distance away. In this case, 
the machine is the source, the air (and distance traveled) 
is the path, and the person is the receiver.

The differences between this situation and a typi-
cal marine system are vast. The acoustic sources are 
unique; the path this energy is transmitted is wildly dif-
ferent than any land-based facility; and the way in which 
each of the different compartments on the vessel radiates 
this energy into noise to which the crew is exposed also 
is distinct. How this acoustic energy is transmitted into 
the ocean environment is another key facet; again, it is 
unique from any land-based concern.

The most well-known shipboard mechanical sources 
are main and auxiliary engines—including gensets, pumps, 
compressors, and ventilation systems, which can be local-
ized in a machinery space or distributed throughout the 
vessel. A noise source may be located not only inside but 
outside the ship. Thus, there is a potential acoustic contri-
bution from propulsors, including propellers, waterjets and 
thrusters; flow control surfaces; and interaction of the hull 
with waves. 
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Structure-borne vibrations, if not treated, are the likely culprits for excessive  noise 

in non-adjacent compartments throughout the vessel.
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Noisy Propulsion continued

Most of these sources may generate excessive noise 
levels within the compartment itself and, at most, in adja-
cent compartments due to airborne transmitted noise. 
Structure-borne vibrations, if not treated, are the likely 
culprits for excessive noise in non-adjacent compartments 
throughout the vessel. Our focus here is on the propulsion 
equipment and its potential noise impact and existing 
methods of control. This type of equipment is usually the 
dominant contributor to crew habitability noise and to envi-
ronmental or underwater noise.

Propulsion machinery
Impact on internal noise. For most current commercial 
vessels, the most critical internal noise source is the diesel—
whether propulsion or auxiliary, whether low, medium, or 
high speed. Because rotary equipment has minimal noise 
impact relative to that associated with reciprocating, we 
will take the liberty of ignoring gas turbines, gearboxes, 
and rotary pumps and compressors. Furthermore, as 
enclosures represent an unlikely method of noise control 
onboard most vessels due to space, access, cooling, and fire-
related issues, there will be limited discussion of the airborne 
noise within a compartment due to equipment. 

The primary concerns are: how high (or low) is the vibra-
tion of the propulsion equipment; how stiff is the foundation 
it is attached to; and how much energy is lost from the attach-
ment point to the point of interest (receiver space). Logically, 
these concerns lead to possible noise control solutions.

The most effective and efficient noise control method 
is the prevention or reduction of noise generation at the 
source. Once the vibrational energy gets into the vessel, more 
resources will be required to control it—this usually means a 
penalty in terms of added weight in the form of insulation or 
damping. An additional benefit of reducing noise at its source 
is usually a commensurate increase in energy efficiency and 
machinery longevity. As NASA, the Bureau of Mines, and the 
European Union have discovered, “buy quiet” programs are 
effective in getting vendors to pay more attention to the noise 
produced by their products. Even diesel vendors are begin-
ning to proactively reduce the acoustic energy from their 
products and are advertising their successes.

There is a variety of noise and vibration control treat-
ments. Among these are isolation mounts for machinery, 
along with f lexible piping attachments to this machin-
ery; damping material, both spray-on and tiles; and 
insulation (acoustic/thermal/fire materials) tuned to specific 
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frequencies or providing broadband noise absorption. These 
vary in effectiveness over different frequency ranges but must 
be properly designed and installed to be effective. Treatments 
must comply with regulations on fire, flammability, and tox-
icity, which is an important but often overlooked factor.

Impact on underwater noise. The impact of propulsion 
machinery noise on underwater noise is very straightfor-
ward and intuitive. The machinery causes relatively high 
vibration levels on the wetted hull plate. These vibrations 
transfer well to the water and effectively radiate into the 
ocean. The parameters controlling the amount of radiation 
are the wetted area; the radiation efficiency (how well the 
vibration transferred to the water over different frequency 
bands); and the level of vibration on the hull plate itself 
caused by the propulsion machinery. This is primarily a 
concern only if the propeller is not cavitating; hence it is 

more important at low speeds. Likewise, the vibration from 
the propulsion machinery is likely to be lower, thus making 
this component a concern only for vessels with stringent 
radiated noise requirements, such as research vessels or 
military vessels. Treatments to reduce internal noise from 
propulsion machinery also are applicable to reduce the 
underwater radiated noise.

Propulsion system—hydro-acoustic sources
Impact on internal noise. Propulsors include propellers, 
thrusters, and waterjets. The propulsors can generate 
relatively high sound pressure levels in water around pro-
pulsor blades. This high sound pressure in water induces 
vibration on the hull (bottom shell or thruster tunnel); part 
of the acoustical energy may go through the hub and shafts 
as well. In accordance with the nature of this excitation, 
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An acoustically-optimized forward-skewed propeller.
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one can consider a propulsor as a source of a pure struc-
ture-borne sound. 

The main consideration for underwater-radiated noise is 
whether the propeller cavitates or not. If it cavitates, the ves-
sel’s radiated noise is likely to be controlled by this very noisy 
phenomenon. If the propeller is not cavitating, the under-
water noise is generally controlled by machinery sources, 
resulting in a lower radiated noise level.

Greater tip clearance and greater clearance between 
the blade-leading edge and the upstream struts also help to 
reduce propulsor impact on a hull. Propulsors generate prac-
tically pure structure-borne noise. Applying a damping coat, 
or increasing hull plate mass and stiffness, may reduce hull 
structure vibration around propulsors. A cavitating propeller 
may have a significant impact on crew compartment noise, 
but only if the compartment is in close proximity to the pro-
pulsor, as is the case with bow thrusters.

Impact on underwater noise. Because the propulsor 
is already ”wet,” it is already one step closer to being a 
critical underwater noise source than the diesel located 
inside the hull. The higher-radiating area ratio of the die-
sel-excited hull is usually insignificant when compared 
to the phenomenon of cavitation. This cavitation is likely 
to have a greater impact on mammals and sea life than 
on crew members—with the exception of bow thrusters 
and ships conducting stationkeeping for long periods of 
time. Hydro-acoustic contributions from wave and f low 

over control surfaces would only be a concern for research 
or naval vessels.

Treatment of hydro-acoustic induced noise. The 
most ef fect ive way to minimize propulsor noise is 
through careful design, with the aim of delaying the 
inception of cavitation. Improved hydro-acoustic design 
can be accomplished with modern computational f luid 
dynamics tools that shape the blades and the hull form to 
minimize the wake and f low disturbances—for example, 
wake-adapted propulsors.

The following measures help to increase the cavitation 
inception speed:
• uniform flow in the propulsor disk
• skewed blades of the propulsor
• increasing propeller diameter, thereby reducing the needed rpm
• increasing the number of blades.

Treatments like skew and leading edge contours can be 
applied to increase cavitation inception speed and reduce the 
actual degree of cavitation and resulting noise. The approaches 
are equally valid for new and retrofit situations and for most 
types of propulsors—fixed and controllable pitch, ducted or 
pump-jet, and waterjet. Ducted propellers may have some 
advantages in terms of the blocking effect of the duct against 
higher frequency noise across the vessel and below the vessel.

The sources of noise and the paths that this energy takes are 
unique to the marine environment. This fact leads to many chal-
lenges regarding noise predictions and control in the marine 
environment in comparison to land-based operations. When 
all of the nuances are properly taken into account, it is possi-
ble to predict the noise levels at any location both inside and 
outside the ship. It is also possible to reduce these noise levels 
with technology and materials that are currently on the market.

Both government and private industry groups have been 
looking to increase the accuracy and effectiveness of noise con-
trol on ships. The Office of Naval Research is currently four years 
into its Noise Induced Hearing Loss program, which aims to 
learn how to better predict and control the noise levels on naval 
ships. This research will help decrease noise-induced hearing 
loss in naval sailors in the future, and therefore also will reduce 
the amount of money spent on hearing loss compensation.

As the industry moves to larger, faster, and more efficient 
ships, more becomes known about the ocean environment 
and marine life living in environmentally sensitive areas. 
As these two worlds mesh, being able to predict and control 
ship noise above and below the water line will only become 
more important. MT
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Noise paths for bow thruster-induced noise.

Underwater  
noise

Structureborne 
transmitted

Airborne 
transmitted

Structureborne 
path

Tunnel 
vibration

Fluidborne 
path

Noisy Propulsion continued


