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ABSTRACT  

There has been a growing recent concern on the environmental impact to be caused by Underwater 
Radiated Noise (URN) from worldwide increasing shipping traffic. In order to address at this concern 
several collaborative European research projects have been underway including the SONIC project 
under the umbrella of the 7th Framework Programme (FP) of the EU. As one of the participants in  
SONIC (Suppression Of Noise Induced by Cavitation) Newcastle University has involved in various 
full-scale trials and model-scale testing campaigns using their own research catamaran “The Princess 
Royal” and medium size cavitation tunnel “The Emerson Cavitation Tunnel”. The full-scale trial 
campaign was conducted in the North East coast region of England and involved various on-board and 
off-board measurements including the URN from suspended arrays of hydrophones and propeller 
cavitation observations. The cavitation tests were conducted using a 1/3.5 scale dummy model of the 
starboard side demi-hull of The Princess Royal and simulated some of the full-scale trial runs covering 
a range of non-cavitating and cavitating conditions. 

This paper presents the details of the cavitation tunnel tests with a specific emphasis on the 
comparisons of the extrapolated URN data recorded during these tests and full scale measurements. 
The comparisons indicate that, whilst the ideal experimental approach is to conduct such involving 
tests with a full-hull model in large cavitation tunnels, the medium size facilities using dummy-hull 
models with wake screens, can still provide a very useful means for the URN investigations with rapid 
turn around and economical way of conducting such tests.  
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1 INTRODUCTION 

The rising environmental concern regarding 
various emissions caused by the marine 
transportation has recently targeted the 
Underwater Radiated Noise (URN) from 
commercial shipping. The low frequency URN 
has been known to travel miles due to the low 
absorption rate of the oceans and therefore has 
been thought to affect the survivability of marine 
mammals by masking frequency bands used for 
their fundamental living activities (Hildebrand, 
2005). Originating from the above concerns the 
international organizations such as IMO and 
MEPC (IMO, 2011; MEPC, 2009) has made calls 
to study the URN from commercial shipping with 
respect to the development of potential guidelines 
and regulations to be enforced in the future. 

 

Shipping noise originates from various sources on 
board a vessel. Amongst these sources, propeller 
cavitation is considered to be dominating the 
overall radiated noise spectrum above the 
inception threshold (Ross, 1987). In other words 
after cavitation inception, and well developed 
cavitation is experienced by the propeller, 
significant increases occur across the noise 
spectrum (Abrahamsen, 2012; Arveson & 
Vendittis, 2000). In turn the cavitation noise 
overshadows the other sources and dominates the 
overall shipping contribution of the noise 
spectrum. 

 

 



In order to address at the above concern several 
collaborative European R&D projects under the 
7th Framework Programme (FP) of the EU have 
been underway (e.g. SILENV, AQUO, SONIC). 
Amongst them SONIC (Suppression Of Noise 
Induced by Cavitation) has brought together 12 
world-leading hydrodynamic institutes, noise 
experts, propeller designers, universities, 
European shipyards and marine biologists to 
develop guidelines for regulating the underwater 
noise emitted by shipping in the North Sea 
(SONIC, 2012). The project participants are 
developing techniques to model cavitation noise 
computationally and experimentally, which could 
be used by vessel operators to monitor the 
shipping noise. As well as the modeling, the 
participants are also mapping the spatial 
distribution of sound caused by a single ship (a 
noise footprint) and sets of ships in an area (a 
noise map). To do this, the project partners have 
been measuring radiated noise both on board and 
off, and to test these measurements in full-scale 
trials at sea. Ultimately, SONIC will validate and 
use its cavitation noise models to classify and 
regulate ships based on their predicted noise 
levels. It will also use this information to assess 
and develop guidelines for the future design of 
low-noise ships.  

As part of the SONIC project activities the 
prediction of the full-scale URN based on the 
model tests by using different size and types of 
experimental facilities has been investigated. In 
this investigation Newcastle University was 
involved in a full-scale trial campaign conducted 
jointly by the project partners to measure the 
URN levels from their research catamaran “The 
Princess Royal” in September 2013. The full-
scale trial campaign was conducted in the North 
East coast region of England and involved various 
on-board and off-board measurements including 
the URN from suspended arrays of hydrophones, 
fluctuating hull pressures, vibration pick-ups and 
propeller cavitation observations. Later some of 
these full-scale runs were simulated 
experimentally in the University’s medium size 
cavitation tunnel facility, “The Emerson 
Cavitation Tunnel”, by using a 1/3.5 scale dummy 
model of the starboard demi-hull of The Princess 
Royal. The experimentally measured URN levels 
were extrapolated to full-scale using the ITTC 
procedure (ITTC, 1987) to compare with the full-
scale measurements. The comparisons also 
included the cavitation observations in the full-
scale and model scale. 

Within the above framework Section 2 of this 
paper describes the experimental facilities and 
set-up including the Emerson Cavitation Tunnel, 
general particulars of The Princess Royal and her 
propellers, and brief information on the simulated 
wake. In Section 3 the details of the selected full-
scale trial runs and corresponding tunnel test 
conditions are described. Section 4 presents the 
details of the noise measurements, analyses and 
extrapolation of the noise characteristics to the 
full-scale for comparisons with the full-scale 
noise data. Finally Section 5 presents the overall 
conclusions obtained from the investigation. 

 

2 EXPERIMENTAL FACILITIES AND SETUP 

 

2.1 The Emerson Cavitation Tunnel 

The experiments were carried out in the Emerson 
Cavitation Tunnel (ECT) of Newcastle 
University, which has a measuring section of 
3.1m x 1.21m x 0.8m (LxBxH), as shown in 
Figure 1. More detailed information about the 
tunnel and its details can be found in (Atlar, 
2011).  

 

Figure 1 : Emerson Cavitation Tunnel 
 

2.1 Main Particulars of The Princess Royal and Propeller 

The Princess Royal is a displacement type of 
Deep-V catamaran as described in detailed by 
(Atlar et al 2013). During the experiments the 
starboard demi-hull of the vessel was used for 
simulating the hull wake based on the well-known 
“dummy-hull” approach adopted in the small and 
medium size cavitation tunnels. By considering 
various limiting factors, which are mainly 
associated with the undesirable blockage effect of 
the dummy-hull in the tunnel test section and a 
reasonable Reynolds number based on the 
propeller diameter, a compromised scale ratio for 



the propeller and hence the dummy-hull was 
selected as 1:3.5. Based on this ratio the 
comparative general specifications of the dummy-
hull model and the full-scale vessel are given in 
Table 1. 

Table 1 : Full-scale vessel and dummy-hull 

model particulars 

 

Main 

particulars  

Full 

scale           

(Start of 

Trials) 

Full 

scale          

(End of 

Trials) 

Model 

scale       

(Dummy 

model of 

Starboard 

Hull) 

Length overall 18.88 - 3.007 

Length between 

perpendiculars, 

LPP (m) 

16.45 - N/A 

Length of 

waterline, LWL 

(m) 

16.45 - N/A 

Beam, moulded, 

B (m) 
7.3 - 0.558 

Draft at forward 

perpendicular, 

TF (m) 

1.745 1.72 0.448 

Draft at aft 

perpendicular, 

TA (m) 

1.845 1.82 0.557 

Propeller 

distance from aft 

perpendicular  

0.9 - 0.262 

Number of 

propellers, NP 
2 2 1 

 

The data in Table 1 correspond to two sets of ship 
particulars corresponding to the loading 
conditions of the vessel at the start and end of the 
full-scale trials. This was due to the fact that the 
trials were conducted over 3 consecutive days 
meaning the fuel consumptions and various other 
changes on-board resulted in slight changes in the 
loading and hence running conditions of the 
vessel. The loading conditions of the vessel were 
taken from the logbook of the vessel and then 
used as an input to the stability booklet to 
interpolate the draft readings for the 
corresponding loading. The procedure was then 
repeated taking into account the fuel consumption 
during the course of the trials. The draft values in 

Table 1 represent only the static trim condition. 
Further manipulation of this data to take into 
account of the dynamic trim is discussed in 
Section 3.  

Based on the selected scale ratio the main 
characteristics of the model and full-scale 
propeller are given in Table 2. 

Table 2: Full-scale propeller and model propeller 

particulars 

 

In full 
scale 

In model 
scale 

Propeller diameter, 
D (m) 

0.75 0.214 

Number of blades, Z 5 

Direction of rotation 

Port: left 
turning - 
outwards 

SB: right 
turning - 
outwards 

SB: right 
turning - 
outwards 

Type of propeller Fixed pitch 

Pitch ratio at 0.7R 
P/D 

1.057 

Chord length at 
0.7R, (m) 

0.352 0.1006 

Skew angle, S 
(Deg) 

19° 

Rake angle (Deg)_ 0° 

Expanded Blade 
Area Ratio, EAR 

1.057 

Boss diameter ratio, 
DHub / D 

0.2 

Scale ratio,  3.5 

 

2.2 Wake Simulations 

In cavitation tunnel tests the preference is to use a 
full model of the subject vessel. However due to 
tunnel size limitations the use of so-called 
“dummy-hull model with additional wake mesh” 
is another practical approach that has been used in 
many medium size cavitation tunnels including 
the Emerson Cavitation Tunnel. This approach 
has the advantage of better representing the 3D 
flow effects over a simple 2D wake screen 



approach, although the latter is more time and 
cost economical. Based on this rationale the 
starboard demi-hull of The Princess Royal was 
modelled by properly scaling the fore and after 
body sections of the demi-hull while truncating 
the middle part in between these two sections. 
Furthermore 2D wake screens are added at the aft 
end to make up the flow retardation due to the 
truncation of the hull in the middle section as 
shown in Figure 2. The density of the screen 
meshes was adjusted through an iterative wake 
simulation exercise by using the stereoscopic PIV 
system of the ECT. The target wake for these 
simulations was based on the wake measurements 
conducted with a 1:5 full-model of The Princess 
Royal in the Istanbul Technical University towing 
tank excluding the rudder and interceptors 
(Korkut & Takinaci, 2013) 

 

 

Figure 2 : Dummy-hull model in ECT 

 
Figure 3 shows the contour plots of the target 
wake and simulated wake while Figure 4 and 
Figure 5 show the comparative radial plots of the 
wake velocities at two critical outer radius. As 
shown in these figures reasonable resemblance 
has been achieved, despite the absence of the 
rudder and interceptor effects in the target wake, 
which were included in the simulations, to 
proceed with the cavitation tests. 

 

Figure 3 : Contour plots of target wake (left) and 

simulated wake (right) 
 
 

 
Figure 4 : Comparative radial plots of wake 

velocities at r/R=0.827  
 

 
Figure 5 : Comparative radial plots of wake 

velocities at r/R=1.013  
 

3 CAVITATION TEST CONDITIONS 

The trial runs to be simulated in the cavitation 
tunnel tests were determined based on the agreed 
runs of the full-scale trials that were conducted by 
the project partners. In order to make a rational 
selection for the most representative and reliable 
runs of the full-scale trials, 4 conditions with 
sufficient repetitions and reciprocal runs to filter 
the tidal current effect were agreed amongst the 
partners. These included 1 non-cavitating 
condition and 3 cavitating conditions that 
corresponded to the following engine speeds: 600, 
900, 1200 and 2000 rpm. The corresponding 
propeller shaft speeds would be slower based on 
the gear box ratio of 1.75:1. A summary of the 



selected full-scale test conditions and relevant 
data for the vessel is given in Table 3. 

Table 3 : Selected full-scale test conditions and 
relevant data for “The Princess Royal” 

DATA / 
PARTICULARS 

VALUES 

Power rating (% 
of MCR) 

Servic
e 

Condi
tion at 
2.23% 
MCR 

Servic
e 

Condi
tion at 
6.9% 
MCR 

Servic
e 

Condi
tion at 
16.1% 
MCR 

Servic
e 

Condi
tion at 
73.4% 
MCR 

Dynamic Draught 

TA / TF  (m) 

1.95 
m 

/1.57
m 

1.95 
m 

/1.57
m 

1.95 
m 

/1.57
m 

1.95 
m 

/1.57
m 

Ship Speed 

Through Water, 

VS 

(knot) 

4.775 7.100 9.350 
15.10

8 

Engine Speed, N 

(RPM) 

(As set on the 

wheelhouse by the 

skipper) 

600 900 1200 2000 

Delivered Power 

at Propeller, PD 

(kW) – 

Port Side Full 

Scale 

10.0 31.0 72.25 329.5 

Propeller Speed, 

Actual Nact (RPM) 

– 

Port Side Full 

Scale 

342.8 514.2 682.1 
1141.

5 

Cavitation 

Number, σn 
1.20 0.53 0.30 0.11 

Torque (kNm) 

Port Side Full 

Scale 

0.3 0.6 1.0 2.8 

Torque 

Coefficient, 10KQ 
0.378 0.336 0.318 0.318 

 

For the tunnel tests the following key parameters 
were required in simulating the operational 
conditions and defined as follows. 

𝐽 =
𝑉𝐴
𝑛𝐷

 𝐾𝑄 =
𝑄

𝜌𝑛2𝐷5
 𝜎𝑛 =

𝑃𝑎 + 𝜌𝑔ℎ𝑠 − 𝑃𝑣
0.5𝜌(𝜋𝑛𝐷)2

 
 
 

(1) 

where, J is the advance coefficient, VA is the 
advance velocity, D is the diameter of the 
propeller, KQ is the propeller torque coefficient,  
is the density of water, Q is the torque, 𝜎𝑛 is the 
Cavitation Number based on rotational speed, PA 

is the atmospheric pressure, ℎ𝑠 is the propeller 
shaft immersion and, 𝑃𝑣 is the vapour pressure. 

 

Using the relevant expressions and associated 
data given in Table 3 the key parameters for 
setting the corresponding tunnel test conditions 
are presented in Table 6. Whilst setting the tunnel 
test conditions, either the model propeller’s shaft 
speed or applied vacuum level was required to be 
fixed for each test condition. In these experiments 
the former was selected. Thus, for each condition 
presented in the Table 4, a reasonable model 
propeller shaft speed, nm, was assumed and 
corresponding vacuum level was calculated based 
on the assumed shaft speed while the tunnel 
speed, Vm, was adjusted to meet the required shaft 
torque, Qm, based on the same KQ. 

Table 4 : A summary of cavitation tunnel test 

conditions 
Condition 

Number 

σN 

(πnD) 

nm 

 (rps) 

Hst  

(mmHg) 

Qm 

(Nm) 

Vm 

(m/s) 

1 1.20 15 -254 3.84 1.39 

2 0.54 20 -351 6.07 2.25 

3 0.30 20 -510 5.75 2.41 

4 0.11 30 -551 12.92 3.75 

 

In Table 4 the 1st column represents the test 
condition numbers: 1, 2, 3 and 4 correspond to the 
four selected trials conditions (i.e. engine speed 
of) 600, 900, 1200 and 2000rpm, respectively 
given in Table 3.  

 

 

 



4 NOISE MEASUREMENTS 

 

4.1 Measurements and analyses 

The noise measurements were made using the 
Bruel & Kjaer (B&K) PULSE Type 3023 data 
acquisition system with a 6/1 LAN interface and 
the B&K Type 8103 miniature hydrophone which 
was located inside the cavitation tunnel supported 
by a streamlined strut. The noise signals were 
processed by the PULSE lab-shop by using CPB 
and FFT analyser that were constructed in its 
dedicated software. The analysed results were 
presented in 1/3 octave bandwidth with the 
following settings used for the hydrophone as 
shown in Table 5. 

 

Table 5: Hydrophone data acquisition settings 

Bandwidth   1/3 octave  

Lower centre frequency   20 Hz 

Upper centre frequency   20 kHz 

Acoustic weighting   as signal 

Reference Pressure 1 μPa 

Overall bands - weighting   none 

Average update overload   accept 

Average mode  exponential 

Averaging time   1s 

 

The noise data acquisition was conducted by 
using the waterfall format of the PULSE in order 
to eliminate the effect of any instantaneous 
sources. This was achieved by using the multi-
buffer option of the software and by triggering the 
system every 0.25 seconds for the next 
measurement. The measurements were recorded 
for 200 triggers or 50 seconds at 25 kHz sampling 
rate. 

 

The acquired data was considered to be in raw 
format since the measured values needed to be 
corrected to an equivalent 1 Hz bandwidth and 1m 
source level. A common practice in the analysis 
and presentation of the noise levels is to reduce 
the measured values of Sound Pressure Levels 
(SPL) in each 1/3 Octave band to an equivalent 1 
Hz bandwidth by means of the correction formula 
recommended by ITTC (1987) as follows.  

 
 SPL1 = SPL𝑚 − 10𝑙𝑜𝑔∆𝑓 (3) 

 

Where; 

SPL1 is the Sound Pressure level in 1 Hz band in 
dB relative to 1 μPa. 

SPLm is the Sound Pressure level in 1/3 Octave 
band in dB relative to 1 μPa. 

Δf is the frequency bandwidth for the 1/3 Octave 
band for each centre frequency. 

 

The ITTC also required that the sound pressure 
levels be corrected to a standard measuring 
distance of 1 m using the following relationship. 

 

 SPL = SPL1 + 20log(𝑟) (4) 

 

Where; 

SPL is the Sound Pressure level in 1 Hz band in 
dB relative to 1 μPa at 1 m. 

r is the distance of the location of the hydrophone 
distance from the propeller centerline 

 

There are various scaling procedures that can be 
adopted to obtain full-scale noise level of a 
propeller based on model tests (Bark & Berlekom, 
1978; Bark, 1985, 2000). However there are also 
various factors that can result in erroneous 
acoustical cavitation testing hence inaccurate 
noise prediction. Two notoriously important 
factors affecting measured levels are the 
reverberant nature of the cavitation tunnel and the 
high level of background noise due to the tunnel 
impeller and model propeller drive systems etc. 
These cause difficulties in interpreting the 
genuine propeller noise as do other factors such as 
dissolved gas content, viscosity, etc. (ITTC, 
1987). Therefore accurate prediction of the full 
scale propeller noise from model tests carried out 
in a cavitation tunnel is impossible without 
detailed knowledge of the influence of the 
proximity of the tunnel walls and other factors 
which might affect the scaling from model to full 
scale. The determination of correlation factors to 
be applied to model measurements would involve 
a large programme of model and full-scale tests. 
For this reason, such correlation factors do not 
exist for the Emerson Cavitation Tunnel. 

 

However, an approximation to the full-scale noise 
levels was made using the scaling laws 
recommended by the Cavitation Committee of 



(ITTC 1987). These laws are concerned only with 
differences in dimensions and operating 
conditions of the model and full-scale propellers 
and take no account of the fact that the model 
measurements may have been made in a 
cavitation tunnel. Furthermore the scaling laws 
are based on the Lord Rayleigh’s equation for the 
radial motion of a single spherical cavity which is 
assumed to be in an inviscid and incompressible 
fluid (Plesset & Prosperetti, 1977; Plesset, 1949). 
This equation was used in combination with the 
ratio of the power spectral density expressions to 
represent the difference in the sound pressure 
levels (SPL) in the model and full-scale as 
follows:  

 

 
(5) 

And the frequency shift from model to full-scale 
based on the collapse time of a single bubble is 
given by the following equation 

 
(6) 

In the above equations L is the difference in the 
sound pressure levels, subscripts S and M refer to 
the ship and model respectively, D is the propeller 
diameter which is equal to 0.75 m for the ship and 
0.214 m for the model, r is the reference distance 
for which the noise level is predicted and is equal 
to 1 m for both ship and model,  is the cavitation 
number which has the same value for ship and 
model, n is the propeller rate of rotation and  is 
the mass density of water which has a measured 
value of 1002 kg/m3 for the cavitation tunnel and 
assumed standard value of 1025.9 kg/m3 for the 
sea water. With these values and inserting y=2 
and z=1, the scaling of the noise levels and 
frequency shifts were estimated for all the 
conditions specified. 

 

For this particular case the target vessel is a 
catamaran with two propellers which are the two 
dominant noise sources. However in the tunnel 
tests only one of these sources is represented by 
the use of the starboard demi-hull. Based on the 
experience the missing propeller effect can be 
accounted for by doubling the measured levels. 

This in logarithmic scale is achieved by adding 
3dB to the measured levels. 

  

4.2 Results and discussion 

Figure 6 to Figure 9 show the total Radiated 
Noise Levels (RNL) measured in the full-scale 
trials by the Southampton University (SOTON), 
who is one of the SONIC project partners, and 
their comparison with the extrapolated cavitation 
tunnel measurements by Newcastle University 
(UNEW) (Brooker & Humphrey, 2014). The 
figures also include the cavitation observations 
from full scale and model tests to give a broader 
idea about the effect of the cavitation on the 
overall measured noise levels. Such data enhances 
the understanding of the phenomena and provides 
better understanding of its potential 
consequences.  

The extrapolated total RNLs are observed to be in 
reasonable agreement with the full-scale 
measurements. When there is no cavitation 
present (i.e. for Condition 1 as shown in Figure 
6), the experimental prediction appears to under 
predict the RNLs in mid-frequency region (100 
Hz to 1000 Hz). This may be attributed to the 
origin of the extrapolation formula that is based 
on the developed cavitation phenomena. In 
Condition 2 and 3, as shown in Figure 7 and 8 
respectively, the propeller experiences mainly the 
leading edge cavitation and the comparisons of 
the predictions with the full-scale measurements 
for these two conditions are seemed to be 
reasonable.. In Condition 4, as shown in Figure 9, 
the propeller displays rather large extent (almost 
25-30% of the blade area), volume and intensity 
of the suction side sheet cavitation that is 
extremely unsteady, breaking-up (and bursting) 
intermittently with cloudy appearance. The sheet 
cavitation terminates at the blade tip region by 
rolling-up in the form of a rather thick, intense 
and cloudy tip vortex trailing to the rudder. The 
prediction for this condition somehow under 
predicts the full-scale measurement in high 
frequency region (1000 Hz - 20 kHz). The high 
frequency noise contribution is known to be due 
to the rebounding of the cavitation. Therefore the 
shift of the prediction in this region can be due to 
the cavitation experienced in model scale being 
more stable when compared with the full-scale 
counterpart. 
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Figure 6 : Condition 1 - Comparison of total radiated noise levels from full-scale trials and tunnel test 

measurements based extrapolations 

 

 
Figure 7 : Condition 2 - Comparison of total radiated noise levels from full-scale trials and tunnel test 

measurements based extrapolations  

 



 
Figure 8 :  Condition 3 - Comparison of total radiated noise levels from full-scale trials and tunnel test 

measurements based extrapolations  

 
Figure 9 : Condition 4 - Comparison of total radiated noise levels from full-scale trials and tunnel test 

measurements based extrapolations   



In Figure 6 through Figure 9 the compared RNLs 
are the “total” noise levels that include the 
background noise in the full-scale and model 
scale. In Figure 10 through Figure 13 the 
corrections for the background noise are included 
and comparison are presented for the “net” RNLs 
for the same conditions, 1 to 4. The correction for 
the ECT background noise is conducted according 
to the recommendations given by ANSI and ITTC 
using Equation 7 (ANSI, 2009) as follows.  

 

𝑆𝑃𝐿𝑁 = 10 log [10
(
𝑆𝑃𝐿𝑇

10⁄ )
− 10

(
𝑆𝑃𝐿𝐵

10⁄ )
] 

 

(7) 

Where subscripts N, T and B indicate net, total 
and background respectively. 

  

Figure 10 : Condition 1 - Comparison of net 

radiated noise levels from full-Scale trials and 

tunnel test measurement based on extrapolations  

 
Figure 11 : Condition 2 - Comparison of net 
radiated noise levels from full-scale trials and 

tunnel test measurement based on extrapolations  

 

Figure 12 : Condition 3 - Comparison of radiated 

noise levels from full-Scale trials and tunnel test 

measurement based on extrapolations 

 

Figure 13 : Condition 4 - Comparison of net 

radiated noise levels from full-scale trials and 

tunnel test measurement based on extrapolations 
 

For the net propeller noise the comparisons of the 
predictions with the full-scale demonstrate 
reasonable correlations for the cavitating 
conditions up to 500 Hz while for the non-
cavitating case the prediction underestimates the 
full-scale measurement over the entire frequency 
range as shown in Figure 10. The predictions for 
the cavitating cases also underestimate the full-
scale measurements in the high frequency region 
(1000 Hz to 1 kHz), as shown in Figure 10 
through 13. The underestimation seems to 
increase with the severity of the cavitation that 
may further support differences in the stable 
nature of the cavitation observed in the tunnel 
tests as opposed to the unstable cavitation in the 
full-scale.  

 

 

 



5 CONCLUSIONS 

 

This paper reports on the experimental 
investigations to predict the URN levels for the 
Newcastle University’s catamaran research vessel 
“The Princess Royal”. This is based on the model 
tests carried out in the university’s medium size 
facility “The Emerson Cavitation Tunnel” and 
full-scale noise trials conducted with the research 
vessel as part of a collaborative European 
research project. Based on the investigations it 
can be concluded that: 

  

 A comparison of the underwater radiated 

noise data of a catamaran research vessel 

is provided based on the full-scale 

measurements and model tests conducted 

in a medium size cavitation tunnel. 

 

 In a medium size cavitation tunnel, a 

truncated dummy-hull model with 

properly scaled bow and stern sections, 

which are combined with the wake screens 

strategically fitted at the stern, could be 

the closest alternative to a full-model 

configuration to simulate the wake flow 

effectively. 

 

 In spite of various simplifications made in 

the dummy-hull configuration to represent 

the actual catamaran vessel, the tunnel test 

measurements for the underwater radiated 

noise levels and the cavitation 

observations can provide a reasonable 

basis to validate the full-scale trial 

measurements by using ITTC procedures 

and guidelines. 
 

 The overall trends in the variation of the 

noise levels over the frequency range, for 

the extrapolated noise data based on the 

tunnel tests, displayed more reasonable 

agreement with the full-scale noise data 

over the low and medium range 

frequencies than over the higher frequency 

range 
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DISCUSSION 

Question from Sverre Steen 

Could it be that the under prediction by the 

model test of the high frequency noise level is 

caused by inboard noise sources in the ship, 

such as the engines. 

Authors’ Closure 

Thank you for your observation, whilst this 
paper is concentrated on the off-board 
measurements and their comparison with the 
cavitation tunnel tests, we have also conducted 
extensive onboard measurements as well. The 
on-board measurements in full-scale indicate 
that, engine noise may dominate the low 
frequency radiated noise spectra while there is 
no cavitation present. However the spectral 
levels are observed to be dominated by the 
cavitation contribution following the cavitation 
inception. The conference paper by Turkmen et. 
Al. reports on the correlation that can be 
deduced from the on-board measurements to 
relate to the off-board measurements (Turkmen 
et al., 2015). The underestimation however may 
be attributed to tip vortex similarity of full-
scale and model scale tests as the tests are not 
conducted based on the Reynolds Number 
similarity proposed by Mc Cormick. Due to the 
reduced Reynolds number at model scale, 
cavitation inception is delayed by a certain 
factor, usually expressed with the ratio of 
Reynolds numbers (ITTC, 2014). 
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