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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proce@lures used to develop this document and those intended for its further maintenanee|are
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria needed*for|the
different types of ISO documents should be noted. This document was drafted in accordance 'with|the
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may, be the subjeqt of
patent righits. ISO shall not be held responsible for identifying any or all such patént'rights. Details of
any patent|rights identified during the development of the document will be in the Introduction and/or
on the ISO Jist of patent declarations received (see www.iso.org/patents).

Any trade hame used in this document is information given for the convenience of users and does|not
constitute pn endorsement.

For an explanation on the voluntary nature of standards, the . meaning of ISO specific terms jand
expressionls related to conformity assessment, as well as information about ISO's adherence to|the
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the following
URL: wwwiso.org/iso/foreword.html.

This document was prepared by Technical Committee, 1SO/TC 8, Ships and marine technology, S[C 8,
Ship design.
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Introduction

In order to reduce shipping noise, the characteristics of ship noise should be understood. Propeller noise,
which is the major noise source in commercial ships, is mainly due to its turns as spectral harmonics
and to cavitation as broadband noise. Special ships such as fishery research vessels and military vessels
require quiet propellers with less or no cavitation in their operating conditions.

The propeller cavitation noise can be assessed by experimental and/or numerical methods in the
propeller design stage. The numerical method such as CFD or empirical formulae might be a good
alternative to propeller cavitation noise evaluations. However, the model tests are still used widely to

pre

Thi
Nnoij
cha

Hict the full-scale acoustic source strength of the propeller cavitation for a wide range off}

5 document was developed to provide a standardized model test method for prepellen
e evaluation. This document is aimed for appropriate evaluation of the propellercavit
Facteristics at the early design phase via model tests.

equencies.

cavitation
htion noise
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Ships and marine technology — Model test method for
propeller cavitation noise evaluation in ship design —
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Source level estimation
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Scope
5 document specifies a model test method for propeller cavitation noise evaluation in shi

procedure comprises reproduction of noise source, noise measurements, post proc
ing. The target noise source is propeller cavitation. Thus, this documént’describes the
conditions to reproduce the cavitation patterns of the ship based 6mn)the similarity lay
model and the ship. The propeller noise is measured at three stages. The measurem
pach stage are propeller cavitation noise, background noise, and transmission loss. For
1 evaluations, corrections for the background noise and thée transmission loss are app
isured propeller cavitation noise. Finally, the full-scale solrce levels are estimated from
e results using a scaling law.

Normative references

following documents are referred to in the-text in such a way that some or all of th
Stitutes requirements of this document. -For dated references, only the edition cited 3
ated references, the latest edition of thebeferenced document (including any amendmen

17208-1:2016, Underwater acousti¢s’— Quantities and procedures for description and m
nderwater sound from ships — Part 1: Requirements for precision measurements in deep wa
parison purposes

61260, Electroacoustics~~-Octave-band and fractional-octave-band filters
surements

Terms and definitions

the purposes of this document, the following terms and definitions apply.

b design.

essing and
test set-up
's between
bnt targets
the source
lied to the
the model

bir content
pplies. For
[s) applies.

pasurement
fer used for

C — Recommended Procedures and Guidelines 7.5-02-01-05: Model scale propeller cavifation noise

dresses:

and [EC maintain terminological databases for use in standardization at the following ad

3.1
aco

IEC Electropedia: available at http://www.electropedia.org/

ISO Online browsing platform: available at http://www.iso.org/obp

ustic centre

position where all the noise sources are co-located as a single point source

Note 1 to entry: The acoustic centre is the centre of the expected cavitation extent.

3.2
bac

kground noise

noise from all sources other than the source under test
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3.3
cavitation
On

non-dimen

bo
Pv
p

number

sional quantity defined as (pO -Dy )/(% anD2 )where

is the total static pressure;
is the vapour pressure;

is the density of the fluid;

n is

D is

Note 1 to en
which is us
part of the
the propelld

3.4

}

the propeller rotational speed (rps);
the diameter of the propeller.
try: The total static pressure (po) consists of atmospheric pressure and submergencedepth pres

isk, such as 0,7 R(R : radius of the propeller), 0,8 R or 0,9 R above the propellércentreline, althg
r centreline is also used.

noise souice

noise gene

ating mechanism or object

Note 1 to enftry: For the purposes of this document, the main noise source is the propeller cavitation.

3.5

propeller
imaginary
centre line

3.6
propeller
Kt
non-dimen|

3.7
propeller
Kq
non-dimen

3.8
reference
distance uj

3.9

plane
plane orthogonal to the shaft centre line andiincluding the intersection (point) of the s
and generator line

thrust coefficient

sional quantity defined as T/(pn2D#), where T is the thrust of the propeller

forque coefficient

sional quantity defined as Q/(pn2D5), where Q is the torque of the propeller

distance
ed for source level conversion and defined as 1 m apart from the acoustic centre

reference

bure

ally taken at a specific point approximating the centre of the expected cavitation extent in the upper

ugh

haft

field

sound pressure field that is measured using a virtual source located at a given position, i.e. acoustic centre

Note 1 to entry: The reference field shall be used to calculate the source level.

3.10
sound pre
SPL

Lp

ssure level

ten times the logarithm to the base 10 of the ratio of the time-mean-square pressure of the measured
sound pressure, in a stated frequency band, to the square of a reference value expressed in decibels by

L, =10log

pZ
10| 53— where pref=1pPa
Pref
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3.11

sou
SL

rce level

converted quantity of the measured sound pressure at a reference distance 1 m apart from the
acoustic centre

3.12
virtual source

arti

ficial sound source of which transmitting power is known a priori

3.13

wa

simpulated ship wake at the propeller plane

Not

4

4.1

In d
rep
the

fieldls generation.

4.1

Tes
freq
whi
size

4.1

The
acc
ach
pro
acc
and
ran

4.1

e
e 1 to entry: For the model test, ship wake is simulated using a wake screen or a ship medel.

Model test setup and conditions

Test setup

rder to evaluate the propeller cavitation noise performance(yia model tests, it is in
roduce noise sources accurately, i.e. the cavitation patterns;dased on the similarity law
model and the ship. Test setup for the purpose comprisestest facilities, model propellers

1 Test facility

 facilities might vary between variable pressiire water tunnels, circulating water chan
surface in the test section to a depressutized towing tank. The variable pressure wat
ch are called cavitation tunnels, are widely used for the model tests. Depending on their t
s, suitable devices to generate wakefields should be utilized.

2 Model propeller

size of a model propellérydepends on the capacity constraint of the test facilities {
eptable range of test séction blockage. The size of the model propeller should be det
eve the highest Reynolds number within the capacity constraints of the test facility
peller diameter forZa model scale propeller is in the range between 180 mm to 30
iracy of the moedel propeller geometry should be according to ITTC — Recommended 1|
Guidelines 7;5~01-02-02[1] which specifies that the offsets of the blade sections shoul
be 0,05 min:

3 _Wake generation

portant to
's between
, and wake

hels with a
er tunnels,
est section

ind on the
brmined to
. A typical

mm. The
Procedures
1 be in the

For

een or the

the prnppllpr cavitation model tests the wake fields are to he gpnpm‘rpd by the wake sc

model ship. In general, the former is used in small-sized and medium-sized cavitation tunnels, while
the latter is used in the large cavitation tunnel. The important scaling parameter for the cavitation test
is the Reynolds number but its similarity cannot be achieved for practical reasons. In order to reduce
scale effect, the Reynolds number should be determined as high as possible within the capacity of the
test facilities.

For the medium-sized cavitation tunnels, the wake distributions are to be generated inside the
cavitation tunnel by using a wake screen composed of wire meshes. When a full-scale ship wake is
required, it is to be obtained by extrapolating the model scale wake field or by using computational
fluid dynamics (CFD). A dummy model in combination with wake screens can be applied in the medium-
sized tunnel as well. For twin screw ships, the inclined shaft, brackets and bossing can be mounted in
small- to medium-sized test sections.
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For the large-sized cavitation tunnels, the wake can be generated typically from a ship model installed
in the test section. In some cases, the ship model with grids or the shortened model can be used as
well. The model ship is manufactured of various materials with the scale ratio that is dependent on the
dimensions of the ship and the tunnel. The model ship is installed inside the tunnel corresponding to
the full-scale draft. The free surface is covered by plates to suppress the wave interference to the model.
The model ship draft in the tunnel is increased within the capacity constraint of the test facilities to
compensate for the deceleration of the flow due to the boundary layer below these wave suppressing
plates. The detailed configurations of the model are strictly based on the drawings of the full-scale ship.
The accuracy of the model hull should be in accordance with ITTC — Recommended Procedures and
Guidelines 7.5-01-01-01[2] which specifies a tolerance of +1 mm. The maximum blockage of the ship
model in th toR-ish 6 et A a ieht-dyrame i Hr5ta

together wWith an underwater motor aligned precisely to the propeller shaft inside the model’
Thrust, torfjque and rotational speed of the model propeller are measured through the dynamomete

The quality of the generated wake with respect to the target wake (measured wake in the towing
or estimat¢d full scale ship wake) should be assessed by wake field measurements usingvelocimetfi

e.g. particl
the configt
component

4.2 Test

The cavita
method) a
condition i
torque coe

During the
tunnel is a
of the expég
propeller ¢

In the cavi
conditions

The air comtent of the water and thenmumber and distribution of the cavitation nuclei play impor

roles in th
considered

For Froude
tankoraf
powering

conditions
to full-scal
equivalent

e image velocimetry (PIV), laser Doppler velocimetry (LDV) or pitot tubes. Depending
ration one may measure the axial velocity component only, the axial ahd tangential velo
or all three velocity components.

conditions

tion test conditions are determined by the thrust identity method (or torque iden

discussed (or specified) self-propulsion point. In cavitation tests, the propeller opera
s defined by the non-dimensional coefficients, propeller thrust coefficient Kt (or propg
[ficient Kq) and cavitation number oy,

propeller cavitation observations and noise.measurements the pressure in the cavita

tity
[ing
ller

Fion

ljusted according to the local cavitation number at a specific point approximating the ceptre

cted cavitation extent in the upper part of the disk, such as 0,7 R, 0,8 R or 0,9 R above
entreline, although the propeller centréline is also used.

fation tunnel tests, inclusion of theeffect of stern wave heights and sea margins for ser
can be determined based on discussions with customers and/or experience of the model b3

e cavitation inception(and its development. Therefore, one or both of them should
based on experience of the test facilities.

scaled cavitation,testing in a facility with a free surface, such as a depressurized tow
Fee surface circulating water channel, the standard results of a Froude scaled towing b
est may be UsSed directly to set the propeller RPM and speed for the various opera
of the experiment. It is noted that the usual procedure for scaling model powering res
b is based on satisfying the thrust loading coefficient at full-scale Reynolds number, whic
to athrust identity approach.

the

vice
sin.

ant
be

ing
hsin
[ing
ults
his

For the m

+ £ P . : +1 P + 1 A | : 1. : + 1
dSUTICIICTIIL U1 CAVILAUUIT TTUIST 1IT LT CAVILAUUID TUIITICT dITIU UTPTIESSUTTIAZTU LOWIITE LdIIK,

it is

necessary to stabilize the extent of cavitation since the cavitation noise slightly varies depending on the
stability of cavitation extent[3]. There are several methodologies for stabilizing the extent of cavitation.
One methodology is to add nuclei such as hydrogen microbubble in the water. Another methodology is
to add roughness at the leading edge of the propeller blades at least on the back side.

Such treatments should be discussed in each facility by taking their standard experimental procedures
into consideration, i.e. operation conditions including shaft speed and target velocity to be achieved, the
scale of the model, water quality etc.

Although the extent of cavitation is stabilized by enough air content, depressurization in the cavitation
tunnel and towing tank increases the number and the volume of bubbles in the water. Since the bubble
attenuates the sound pressure, attention should be paid to the air content of the water in the cavitation
tunnel and the depressurized towing tank.

4 © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=a35fc55e6c7094c5d38ab48282fd457b

The

IS0 20233-1:2018(E)

re are two definitions of air content:
o/as: the air content under atmospheric pressure (1 atm);

(a/ag)Ts: the air content under hydrostatic pressure at the test section after depressuriz

ation.

These two values are different from each other, and thus it is necessary to state the definition of the air
content used in the noise measurement in the cavitation tunnel and the depressurized towing tank.

4.3

Calibration

The
the

5

5.1

Ina
and

cha
usu|
spe

For

multiple hydrophone measurements are recomiended. The test setups including h

pos
tob
wel

The

hydrophone. In addition, unwanted @coustic phenomena such as a resonance might occur de

the

setlip needs to be assessed aftér-hydrophone installation by using a suitable test method su

avi

devices to measure test conditions such as a dynamometer should be calibrated in accer]
manufacturer’s calibration reference.

Noise measurement instrumentation
Hydrophone and signal conditioning

rder to measure acoustic pressure, the terms hydrophone, underwater electro-acoustic

rge amplifiers either within or exterior to the hydrophone-The piezoelectric type hydro
nlly used for measurement of underwater sound pressure’levels in a test facility. Rec

the measurement, single hydrophone or multiplethydrophones may be used. For a reli
tioning might depend on the test facility. However, typically atleast one hydrophone is rec

e located at the propeller plane. Additional hiydrophone positions could be up- and dowr]
as abeam.

mount method should be chosenCin order to reduce the effects of flow and vibrat
mount method and the hydrophone setup. Therefore, the acoustic characteristic of the h

Irtual source.

Table 1 — Recommended specification of the hydrophones and their mount met

Cifications of the hydrophones and their mount method\in the facility are listed in Table 1.

[Hance with

kransducer

underwater microphone may be used synonymously. For the purpose of this documenit, the term
hydirophone is used. The hydrophone includes any signal conditioning electronics such

as pre- or
phones are
bmmended

hble result,
ydrophone
bmmended
-stream as

ion on the
pending on
ydrophone
ch as using

hod

Req

eiving sensitivity -220 dBre 1 V/pPa or higher

Frelquency range — 1Hzto 100 kHz or wider
Dirgctivity — Omni-directional
Opg¢rating’static pressure — 40 atm to 100 atm

Acoustic chamber below the test section

Mount method

Outside of the walls or windows
Flushed to walls or windows
To a rake in the flow

Inside the basin

The use of a hydrophone array, which is not included in this document, enables noise measurement
with high directivity to scan the model and to detect local noise sources.

The hydrophone should be individually calibrated before the test and periodically (typically every
12 months) with respect to the manufacturer’s calibration reference, e.g. by use of a hydrophone
calibrator, or in accordance with IEC 60565[4].
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5.2 Data acquisition

5.2.1 General

Data acquisition is performed using analogue-digital converters (A/D). The following should be
considered for the A/D converter.

5.2.2 Sampling frequency

Sampling frequency should satisfy the Nyquist-Shannon sampling theorem, i.e. it should be at least
twice the Highest{requency under test. 1 possibie, TS TECOMMEnded to b OVer foUT tIMES te mighest
frequency.

5.2.3 Resolution

The A/D canverter should have more than 12-bit resolution. 16-bit resolution is recommended.

5.2.4 Synchronization for multiple channel sampling

The numbd
simultanec

br of channels corresponds to the number of hydrophones and¢he data should be sampled
usly for entire channels especially when using a hydrophone afray.

5.2.5 Filtering

In order to The

cut-off fred

prevent the data aliasing, the low-pass filter should\be applied before A/D converting.
uency should be set to the highest frequency at least.

5.2.6 Ac

The measu
have suffid
shaft rotat
depressuri

6 Noisd

[Juisition time

rement time corresponding to 1 000 rdtations of the propeller is recommended in ordg
ient data for the analysis. The acquisition time, of which the specific value depends on
ional speed, would be a few tens\of seconds in a cavitation tunnel and around 200 s

zed towing tank.

measurement procedure

6.1 Propeller cavitation.noise measurement

Propeller
measurem

favitation ngjse’should be measured in accordance with 4.1 and 4.2 by using the n

r to
the
na

hise

bnt instrumentation in Clause 5.

6.2 Backgreund noise measurement

T TTo T C—cOTTIeo—TIrortT oTIroIre crrer—orrve T tIre—ttre

The backg ing
carriage, the water flow, the measurement chain, etc. To check the quality of the noise measurements,
i.e. of the propeller cavitation, the background noise level should be determined.

Forrmmd naoica comac mainly from tha nranallar driva cuctam tha tunnal anaratian or oy
oo Yy Tt Pro v = a4 THET oo ooy

The background noise shall be measured in the absence of the propeller cavitation (propeller replaced
by a dummy boss or increase of tunnel pressure to suppress cavitation) but with all other operating
conditions as similarly as possible. Both procedures to measure background noise have specific pros
and cons. The increase of tunnel pressure allows the propeller load condition, K1/Kq to remain and to
detect propeller non-cavitation noise (e.g. propeller singing) but changes the air content. It also removes
or at least reduces the cavitation from the wake screen and/or appendages of the ship model, which
should be included in the background noise if it exists. The replacement of the propeller by a dummy
boss keeps the same air content but changes the load of the propeller drive system. Thus it would alter
mechanical noise characteristics from the propeller drive system.

© ISO 2018 - All rights reserved
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If flush mounted hydrophones or pressure transducers are used on the tunnel wall or ship hull, the
contributions of the vibrations of the wall or hull to the noise measurements need to be assessed as
part of the background noise measurements. The influence of hull vibrations on hull mounted pressure
transducers is discussed in ITTC — Recommended Procedures and Guideline 7.5-02-03-03.3[5].

The disadvantage of using wake screens for noise measurement is that they may increase background
noise due to the vibrations and cavitation from themselves. The increase of tunnel velocity yields
singing of the wire mesh screen when it is utilized as a wake generatorlél. Under such an experimental
configuration, the noise originating from the wire mesh screen must be measured as a background noise.

The background noise can be measured before or after measuring the cavitation noise of the propeller.

6.3| Reference field measurement

6.3]1 Objective

Wh
the
enc

en the noise is measured in model test facilities, it should be noted thatthe situation dfiffers from
free field environment. For the cavitation tunnels, the test section including acoustic fhamber is
osed by the tunnel walls. The influence of multiple reflections due to'the walls should be ¢onsidered.

For
alsa
give
dec
met

In ¢
kno

6.3

For

trapsducer, which converts the electrical input to the pressure signal with its own tr

volt
can
gen
noi{
full
isd
of t
sim|

6.3
Dur

ple geometricdl spreading as defined in Formula (6).

facilities with a free surface, the influence of this free surface on thie‘'noise measurement
assessed and, if necessary, corrected with an acoustic calibration test. In general, the f
s a reduction of the measured noise levels at low frequencies where the influence incy
Feasing frequency. The hydrophone setups would also cause reflections depending on
hods which cannot be easily known a priori.

rder to assess the influence of these reflections,.an acoustic calibration could be m3
wn virtual source which is located at a given acgGstic centre.

2 Virtual source and input signal

the reference field measurement, the‘propeller is replaced by a virtual source. The y
age response (TVR), can be used,as the virtual source. The source strength of the virf

erated using a function generator and is amplified, if necessary. Broadband signals sug
e and linearly frequency ‘modulated signal can be used as the input signal. The input sig
7 cover the frequency-range of interest. However, it is noted that generating a low frequ
fficult due to the lew~TVRs of the most commercial underwater transducers. Below the
he effective frequency range, the reference field should be estimated by the other methoc

3 Measurement condition

ingcthe reference field measurements, the pressure should be kept the same as th{

5 should be
ree surface
eases with
the mount

de using a

nderwater
ansmitting
ual source

be calculated directly from the known input signal in voltage and TVR. The input signal is usually

h as white
Inal should
bncy signal
lower limit
ssuchasa

b propeller
rence field

cav
can

7

tation noise measurement in order to prevent a change of air content. However, the refe

be measured without flows due to a Tow Macit MUMber of the cavitation test.

Post processing and scaling

When noise measurement as given in Clause 6 has been completed, post processing is required to
adjust sound pressure levels for background noise conditions and to convert the background noise-
corrected sound pressure levels to the source levels by using measured reference fields. Finally,
scaling procedures are required to obtain full-scale noise levels of a propeller cavitation from the
measurements at model scale.

In general, all the quantities in decibels are evaluated in the one-third-octave band in accordance
with ISO 17208-1:2016 and IEC 61260. The narrow band (1 Hz bandwidth) analysis can be performed
especially when the discrete frequency components are important.
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7.1 Sound pressure level

In the context of noise assessment, the sound pressure level is the fundamental quantity of sound
pressure, and it is defined by Formula (1):

2

p
L, =10logq, > [dBreluPa]

where

ref

M

p2

Dref

S time-mean-square pressure ol the measured sound pressure 1n one-third-octave band

s the reference pressure of 1 yPa.

7.2 Background noise adjustment

The backg
Recommern

The signal;

AL=L

H

where

Ps+n

Lpn

IfALisgre

measurem
adjustmen

’

Ly

1(

where Lp

in one-thir

round noise shall be corrected in accordance with ISO 17208-1:2016 and ITTC

ded Procedures and Guidelines 7.5-02-01-05.

plus-noise-to-noise ratio (AL) for each one-third-octave band is defined by Formula (2):
p§+n

sen " Loy =10810 . [dB]

is the sound pressure level of the propeller cavitation noise;

is the sound pressure level of the background noise.

hter than 10 dB then no adjustments@re necessary. On the contrary, if AL is less than 3 dB {
bnts are dominated by backgrolnd noise and cannot be used. Finally if 3 dB < AL < 10
[ on measurements are required. The following expression can be used:

log 1 10(L‘°S+n /19) —10(Lpn 19) [dBre1uPa ]

s the backgroundnoise-adjusted sound pressure level of the propeller cavitation, compt
d-octave band:

7.3 Transmission loss

The effectq

(2)

hen
dB,

(3)

ted

ted

ofreflections from tunnel walls, free surface and hydrophone mount setups can be adjuj

using the r

ererence Iield described 1n 6.5.

At first, the time-mean-square pressure, piz of the virtual source at the distance of 1 m can be calculated
from the input voltage signal and TVR by Formula (4):

2
bi =

1

where

pZ

2

Vef

r
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Viz is the time-mean-square voltage input to the virtual source for each one-third-oct

Vrer is the reference voltage of 1V;

pref  is the reference pressure of 1 pPa;

ave band;

TVR is the transmitting voltage response of the virtual source for each one-third-octave band
[dBreluPa/V@1m].

Using the reference field data, the transmission loss for each one-third-octave band is defined by

Forpad

wh

If tH

whg
med
the

7.4
The

Wh

whg

uls (O,
oo

2
TL=—10log {p—g][dB]
pi

bre pf is the time-mean-square pressure of the measured reference field ifi one-third-oc

e measurement of reference field is not available, the transmission loss €¢an be simply esf

2
r

TLegt =10logyg| —— |[dB]
Tref

r

re r is the distance from the acoustic centre to the measurement point in metres. Hqg
isurement of reference field is recommended in order toradjust the propagation effects aqg
test facilities.

Model scale source level

model scale source level, Lg, is calculated by Formula (7):

Ly =L, +TL[dBrelpPa@1m ]
bn the multiple hydrophonestare used, the averaged source level can be obtained by Forn

Ly =10log g |:%2?1=110(Lsi /10) :| [dB rel pPa@lm]

re N is the number of hydrophones.

Scaling to the full-scale noise levels

ediction of the full-scale noise levels can be made using scaling laws recommended

(5)

fave band;

imated by:

(6)

wever, the
curately in

(7)
hula (8):

(8)

by ITTCIE].
|- and full-

nsions and operating conditions of the mode

scale 3 ccttheReyn aH

The increase in noise levels from model- to full-scale is given by Formula (9):

z X y/2 y y/2
ALy =20logyo|[ 2o | [Mm | [ O "sPs [ Ps | |[ae]

and the frequency shift relation is given by Formula (10):

where the subscripts s and , refer to full-scale and model-scale, respectively.
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The exponent factors x, y and z in Formula (9) are determined differently, which are attributed to test
facility differences, range of tested Reynolds number, and the model test method.

7.6 Other option for full-scale noise prediction

To evaluate full-scale noise, utilizing empirical formula accompanied with experimental / computational
methods can be one option and some of these methods can be found in References [7] to [9]. Since the
input parameters for these formulae are major design parameters of the hull and propeller, they are
useful at the early design stage.

as
the inflow|condition to the propeller, and it may contribute to resolve tip and hub vortex cavitation,

8 Uncertainty

The overal| uncertainty is mainly due to the hydrodynamic phenomena introduced by approximatjons
made in a hodel test, measurement uncertainty, and scaling to the full-scale.

The hydroflynamic phenomena in the model test are complicated to analyse and thus it is difficult to
quantify their errors.

Some discyssions on uncertainty can be found in Annex B for infexmation only.

10 © ISO 2018 - All rights reserved
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