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Unmanned Underwater Vehicles (UUVs) 

UUVs 

ROVs 
Remotely 
Operated 
Vehicles 

AUVs 
Autonomous 
Underwater 

Vehicles 

Question: finding ways to overcome physical limitations so that humans can dive deeper and stay 
underwater longer  

 

ROVs 
 
Remotely controlled by humans 
 
Built-in sensors, tether, tether management 
system, flotation pack, and thruster, included 
 
Linked to a host ship by an umbilical tether that 
houses energy cables and communication 
cables 
 
Smaller ROVs are used mainly for observation 
and inspection in the research, military, or 
recreational sectors because they can only 
withstand shallow deployment 
 
Largest and most heavy-duty ROVs are suitable 
for the oil and gas industry because they can 
dive as deep as 20,000 feet and perform 
multiple tasks like lifting, drilling, construction, 
and pipeline inspection 
 
 
 



Unmanned Underwater Vehicles (UUVs) 

AUVs 
 
In recent years military applications have begun 
using AUVs, which, unlike ROVs, operate 
independently of human control and do not have 
to be tethered to a larger vessel 
 
Already operational for bathymetric and 
environmental mapping, pipeline tracking and 
mine hunting, and there is a trend towards their 
use for inspection and environmental monitoring 
 
Based on non-tethered solutions, underwater 
communication becomes crucial for data transfer 
and positioning 

The best technology to set up long-range 
underwater communication links is acoustic 
communication 
 
Underwater acoustic communication using 
acoustic modems consists of transforming a 
digital message into sound that can be 
transmitted in water 

 
Noise from an AUV can interfere with the 
onboard modem and with the reception of 
acoustic messages from a receiving 
hydrophone 
 
Noise sources at the AUV include hull 
vibrations and mechanical noise, propeller 
noise, electronic noise, flow-induced noise and 
payload cross talk  
 



Statement of the Problem 

ss 

Acoustic 
observer 

Source of 
Sound 

Let us consider the 
generation of sound waves 

into a fluid medium by a 
moving object  

 
How to identify the acoustic 

source?  
  

 
How to detect the noise 

field close to the source(s)?  
  

 
How to detect the noise 

field far from the source(s)?  
  



Surface & Underwater Vessel Hydroacoustics   

Source 
of 

Sound 

H1 

H2 

H3 

Noise propagation in 
water 

  

Noise propagation in air 

Main Hydrodynamic  
Sources of Sound  

 

Propeller tonal & broadband noise 
  

Propeller-hull acoustics scattering 
 

Cavitation on appendages  
 

Wave breaking 
 

Slamming 

Source of 
Sound 

Source of Sound 

Main Hydrodynamic  
Sources of Sound  

 

Propeller tonal & broadband noise 
 

Propeller-hull acoustics scattering 
 

Sail/rudders vortex-blades impacts   



Rotorcraft & Propeller-driven Aircraft Aeroacoustics   

Main Aerodynamic  
Sources of Sound  

 

Main-tail rotor & propeller noise  
 

Cabin/fuselage acoustics scattering 
 

Landing gears released vortex 
  

Blade-vortex interaction (BVI) 
 

High-Speed-Impulsive noise (HSI) 
 

Certification rules 
Civil & Military requirements 

Acoustic pollution 



Noise Features Close to the Source(s)  

Question: how to predict the hydro/aero-dynamically 
generated sound? 

1 - Engineering issue... 
 
2 – Aero/hydro-dynamicists  
 
3/4 – Aero/hydroacousticians 
 
 

Main sources of  

sound identification 

Hydro/aero-dynamic source  

detection by suitable  

CFD formulations       
Noise close to the sources 

 by physically consistent  

acoustic modelling   1 

2 

4 

3 

Noise propagation  

far from the sources   

Four-step 
approach 

Step 3 requires inputs from step 2: is it a mere 
post-processing? 



Formulations for Aero/hydro-acoustics   

Which modelling may be used? 

Main sources of  

sound identification 

Hydro/aero-dynamic source  

detection by suitable  

CFD formulations       
Noise close to the sources  

by physically consistent  

acoustic modelling   1 

2 

4 

3 

Noise propagation  

far from the sources   

BEM, RANS, DES, LES 
    

High-fidelity simulation 

The Acoustic Analogy of 
Ffowcs Williams & Hawkings 

(FWH)   

The Ray Acoustic Tracing    
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Sound Generation by Flow – Lighthill’s Acoustic Analogy   

 The question of how precisely to identify the real origins of a sound wave was not 
successfully addressed until Lighthill, in 1952, developed his theory of hydrodynamic sound 
in response to the emerging need to control the noise of a jet propelled aircraft; 

 
 The Lighthill equation represents a rearrangement of the fundamental conservation laws 
      of mass and momentum into an inhomomogeneus wave equation: 

wave operator  

Lighthill stress tensor 

fluid velocity Viscous stress tensor fluid density  

sound speed in 
fluid at rest  

 
 
 

NO APPROXIMATION HAS BEEN MADE  
 
  

the Lighthill equation is equivalent to conservation laws  

  
it defines the machanism of sound transmission  

 
 
 
 



The Ffowcs Williams and Hawkings Equation   

Noise due to 
fluid  

displacement  

Noise due to 
distributed loads 

Noise due to  
flow-field 
sources 

 The Ffowcs Williams and Hawkings equation is an extension of Lighthill’s work, accounting 
for the possible presence of a body moving in the fluid directly in the differential operator 

Such a presence is described by representing the surface   

by a discontinuity in the flow and, then, re-writing the same conservation laws in terms of 
generalized functions.       

Sound 

 
 
 

Compared to Lighthill equation, two additional surface terms appear: 
 

thickness noise  

loading noise 
 
 
 

1 

1 

2 

2 



                                                                              (…Cont’d)   

Main advantages: 
 
- Identification of noise generated by well-defined source terms (SURFACE + FIELD) 

 
- Standard and validated formulation in aeronautical applications  

Well- known features concerning rotor/propeller aeroacoustics 
 
 
 
 
 
 
 

1 Thickness and loading terms Monopole & Dipole terms of the FWH equation. 

2 Blade rotating at subsonic speed 
Surface terms dominant, 

Field term negligible. 

- In air the acoustic efficiency of a rotating source is very high: the near field is a limited region and the 

noise soon reaches a typical “far-field status”, with the characteristic source-type propagation. 

 

 The aeroacoustic (far) field inherits thickness and loading noise components 



                                                                              (…Cont’d)   

THICKNESS AND LOADING NOISE terms are the starting point for the FAR FIELD NOISE 

PROPAGATION by the RAY TRACING METHOD 

Anisotropic wave 
propagation along rays 

 
Noise decay governed by 

the 1/r law 

Main phenomena accounted for: 
 
- Wind effects 
- Temperature & Umidity effects 
- Ground reflections 
- Atmopheric absorbption & Refraction  



Hydroacoustics    

The noise propagation from a rotating source/body is affected by the rotational speed… 

at marine Mach Numbers noise propagation mechanisms change…  

Well- known aspects concerning rotary-wings hydroacoustics 
 
 
 
 
 
 
 

1 Thickness and loading terms Monopole & Dipole terms of the FWH equation. 

2 Blade rotating at subsonic speed 
Surface terms dominant, 

Field term negligible. 

- Underwater, the acoustic efficiency of a rotating source is very low: the near field is an extended region, 

where the (kinematic) destructive interference makes the noise decay more pronounced and faster.  

This interference notably increases in case of multiple sources, for which surface terms may rapidly vanish. 

The hydracoustic (far) field inherits noise from nonlinear field sources  



Permeable  
surface 

                                                                              (…Cont’d)   

Unlike analogous aeronautical devices, the noise prediction from a marine propeller requires a very 

accurate description of the hydrodynamic field and solution of the complete FWH equation 

The hydroacoustic problem is very complex:  

- accuracy and huge computing resources requested by the hydrodynamic simulation in very near field  

 

- choice of a porous (fictitiuos) domain out of which the near field is propagated  

Near field noise solved by the permeable FWH Equation 

Noise radiation by  
the permeable FWH 

 

Near field 





Propeller kinematics 

Topology grid features 

Simulation parameters 

 E779A Propeller Model in Drifting   



non-dimensional Lighthill L2 norm time evolution 

                                                                              (…Cont’d)   

acoustic observer layout 

contours of non dimensional norm of Lighthill tensor 



observer 1 observer 2 

observer 3 observer 4 

                                                                              (…Cont’d)   



                                                                              (…Cont’d)   

Time domain analysis 

FFT of the noise signals 
from the porous surface 
computed on a sphere 

of hydrophones 
enclosing propeller + 

wake   



Concluding Remarks 

An accurate characterization of the fluidynamic sources of noise generated by rotary 
wing-devices is the starting point for a well prediction of the sound generated by a body 
moving in a fluid medium. Therefore, aero/hydro-dynamics is part of the aero/hydro-
acoustic problem 

 

The acoustic analogy of Ffowcs Williams and Hawkings equation has proven to be the a 
very efficient way to solve the acoustic problem 

 

From air to water the role of the acoustic sources changes.  

     - Aeroacoustics: surface terms dominate sound radiation (far from the transonic regime)  

     - Hydroacoustics:  dominant contribution from field sources   

 

From near to (very) far field noise prediction: cascade application of the Ffowcs Williams 
and Hawkings equation and the Ray-Tracing is suitable both in air and water.  

 

 

 




