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THE HARMFUL EFFECTS/OF CAVTTATION ON MARINE PROPELLERS.

By:' L. Hawdon. C.Eng., F.R.I.N. A., F.I.Mar.E.,

A 1ecture to be given to the combined meeting of the

. 'New South Wales Branch of The Institute of Marine Englneers
and The Royal Institution of Naval Architects, at Sydney,
'New South Wales, 23rd October l974.

SYNOPSIS.
The three troublesome effects that propeller cav1tationA

' 'can have on ship performance are :

'(l)i’ N loss of thrust
- (2) erosion of the propeller blades
and h (3) noise and vibration

These effects have emerged in the above order, and each has
assumed importance at dlfferent times as ship forms have

changed and engine powers have 1ncreased.

It has been necessary to develop an understanding of

 the cavitation problem and its effects in order to devise

and apply corrective action. _ "A Theoretical approaches

“have in general been found inadequate at the time action

has been required, and it hag been necessary to resort to

. model experiments tc develop knowledge of each aspect of

_the suhject. This has led to 1nteresting theory/ﬁodel/

full scale "orrelation.

' The first two of the harmful effects listed can now

be avoided with reasonable success by the propeller designer.

The third is still under investigation, and it appears that

more attention should be pqld to hull de51gn in order to

-

aV01d coutinulng troubles.

- This lecture briefly covers the historical background

to the problems, the steps'taken to overcome these, and

.

some experiences from actual full scale operation.



INTRODUCTION

Among the ‘many varled and sometimes confllctlng,
réqulrements which have to be met.by the marine
propeller designer is one which often states that the
" propeller shall be free from cavitation. It is now
- generally accepted that in rhe environmenﬁ in which
. screw propellers must operate this requlrement is
i impossible to achieve, and it is, therefore, modlfled

to read "free from the harmful effects of cavitation®.
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-~ These effects in themselves vary consideérably, and
"geaoh has assumed a different degree of importance as
shi? types have developed over the years. The
e“earliest problems with propeller cavitation concerned
loss of thrust. As shaft powers increased problems
of cavitation erosion of the blade surfaces were
enoountered. More recently it has been appreciated
.that the forces giving rise to noise and ship vibration
are increased many times in magnltude when propeller

‘cav1tatlon occurs.

Over the period of eighty years dating from the end
of the nineteenth century practical and theoretical
;investigations have been going on continuously in many
perts-of the world, lnltlally to understand the physmcal
mechanism of the cav1tatlon phenomenon, and later to
‘ endeavour to predlct the likely presence and effect of

cavitation in conjunctlon with any particular ship form.

The latter task, on a theoretical basis, is formidable
éince it‘requires a detailed knowledge of the velocity
distribution through the propeller disc, the performance
cheracteristics of the propeller at each pointbduring tﬁe
revoluﬁion, and the corresponding preesure distributions

~around the propeller blade sections at each radius.



.'_These data form the basis of a quasi-sfeady
.‘consideration of the problem - at ‘present there

is no non-steady theory available which will take

) account of the transitional conditions as the
;vpropeller blades pass from one wake region to ahethef.
' These quasi-steady calculation results have been |

- compared with model and full scale results and have
given good hopes of success in subsequent predlctlonvl

- vwork

" Model testing techniques in conventlonal tunnels

' <have improved to the point where it has in many cases

m'become possible with reasonable certainty to predict
L whether propeller blade erosion will take place on
-~ full scale. '
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;'%fConsidering propeller excited, or cavitatien
excited, vibration, theoretical approaches to predietion
are inadequate at this stage. New methods of testing
- have been devised in which the propeller can be run
behind a full model of the actual ship for which it was
de51ﬂned at the correct cavitation condltlons, so that
pressure measurements can be made for comparison with
full scale resuits.

S P . __— s . . .
- - oA e T e et DD T - K]

: EARLY HI'S.TORY cea bR EXC *:“"*“: o

- The effects of propeller cavitation were first

‘e‘experienced by Barnaby and Thornycroft-in.their trials

of the warship "DARING", when it was found that' above a
vcertaln power no further increase in ship speed was
‘possible, while the shaft revolutions continued to
increase rapidly. Soon after this, Slr ‘Charles Parsons
’experlenced the same problem during the trlals of the

- experimental steam turbine ship "TURBINIA".



- ﬁérﬁaby“ana Thornycroft overcame the problem by
experimenting at full scalg,'and discovered that an
improvement was achieved by an increase in blade |
surface area. Parsons also experimented at full
scale, and made some imp0rtantfdiscoveries which we

today accept as normal.

. These included the realisation that it was

-~ impossible to abéorb a high powér on a single screw
at high r.p.m. TURBINIA originally had a single
screw, but Parsons, finding that this propeller was
unable to produce the required thrust, adopted a
'triple screw arraﬁgement, and in fact,'used three
screws on each shaft, nine in all. These wefe,
as a matter of interest, 18 inches in diameter and
24 inches in pitch, each with a blade area ratio of
‘about 0.60. - The total power absorbed was abouf
2300 SHP with trial r.p.m. of 2230 on the outside
shafts and 2000 on the centre shaft, giving the ship

.

- a speed of 32% knots.

.- In order to understand the feasons for the success
of théée decisions, Pafsons embarked on a series of
model experimeﬁts to investigate the nature of .

. cavitation. These initially consisted of fotating

- a_Small model propeller in an open bath, heating the

| water to a little'below boiling point to stimulate
 the'onset of cavitation. 'Latér'he.designed and made
- a small closed copper circulating channel which was the

| forerunner of cavitation tunnels as we know them today.



"The Unlver51ty of’ Newcastle -upon-Tyne. .

The original Parsons' tunnel is still in existence,

and is in the care of the Naval Archltecture Laboratorles at

’Fig.
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Rea11s1ng that cav1tatlon is not only caused
when water vapour is formed by raising the temperature
under normal condltlons of pressure, but also when the

pressure is reduced under normal conditions of temperature,

- Parsons reduced the atmospheric pPressure above the water
level by means of an air pump. This enabled the cavitation

to appear earlier and make its observation possible at shaft

speeds of 1500 r.p.m. instead of 12000 r. p.m. ‘Thus the

observation of the formation and collapse of the cav1tat10n

became easier.

‘From this early work, both model experlmental and
full scale, it was correctly concluded that extreme back,

or suction side, cavitation of the type caus1ng thrust

~ breakdown could be avoided by increasing the blade surface

area. Criteria were developed relatlng the mean thrust

to the projected blade surface area in the form of a

llmltlng unital thrust loading. A figure of about 11 lbs/in2

was recommended, and this is cons15tent w1tb the values in use on

most propellers des1gned today.

1.”



Thus the first harmful effect of cavitation was
~practically solved, and has not subsequently been found to
“be troublesome except on some small, fast, hlgh—revv1ng

craft of the M, T. B. type.

CAVITATION EROSION

As the powers of steam turbine machlnery increased
in the early part of the twentieth century, so did the
shaft r.p.m. reduce with the use of gearing. Thus propellers
became bigger, thrust loss was not encountered, and the other
dangers of cavitation were, for some time, not appre01ated
However, with further large increases in power, as on some
' trans-Atlantic liners, the harmful effects of cavitation
" took on a different form, namely that of erosion of the
- propeller blade surfaces. | ‘ V '

Theoretlcal studles of the subject had still not
reached a stage suff1c1ently to explaln which type of
cavitation may lead to er051on, and once again lt was
necessary to resort to model experimentation tc oevelop

knowledge of the subject.

THE FIRST LARGE CAVITATION TUNNEL

'Sir Charles Parsons had continued his interest in

- model testing, and in 1910 started testing work 1n a new

cavitation tunnel, which was the forerunner of the type in
use today. The tunnel had a measuring section of

2’3" x 2'6" in which model screws of 12 diameter were
'tested thus comparlng in size with many modern establlshmentsr
- Parsons continued testing until his death in 1931, and in
‘-addltlon to ad hoc testing of designs of warships and liner

propellers, he also tested standard series of propellers
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~Pursons’ large cavitation tunnel <(1910). General view

. v+ His results were pPresented as a series of

" “-diagrams recording efficiency, slip and a factor K = P

whlch can be related to the better known Bp vaJue NPl
o used today representlng propeller loadlng. It is perhaps

unfortunate that these dlagrams were not publicised durlng
'fParsons lifetime, and were only made available in 195

o 5] when Professor Burrlll gave the Parsons Memorial Lecture

to the Instltute of Marine Engineers, entltled

[t

"Slr Charles Parsons and Cav1tatlon" l~ o .'Ref'l

- EXPANSION OF TESTING FACILITIES,

:d*During the period between the world wars the

cavitation crosion problem asmumed sometimes alarming

proportions. Some Atlantic liners were having their

Propellers replaced after only one or two double crossings

\ .-




at full power because of the enormous cavities which were

appegring on the blades.
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The effect of this was firstly to seek propellet
materials with greater reSistance-ﬁo erosion, and sedondiy

to accelerate the theoretical and practical research into

- the problem.a - Thus cavitation testing tunnels began to
appear at many of the leading ship model testing establishments,
notably in the U.S.A., Holland, Sweden, Germany, and the

‘United Kingdom.

These tunnels were basically similar to the Parsons
tunnel, some smaller in size, but all embodied refinements in

control” and measuring equipment.

* Wwhile much useful basic research work was carried on
with these facilities, the actual prediction of erosion in any
specific case was still not possible. This was because the
tests were carried out in a uniform velocity stream represénting
the mean speed of advance of the watef through the propeller’
disc, and initially no efforts were made to simulate the
:wake variation which occurs behind the hull. - However,
1u§efu1 information was obtained on the physical nature énd

-various types of cavitation and the importance of these types

-

so far as propeller démage is concerned. v _ Ref.

Ref.




- PHYSICAL NATURE AND TYPES OF CAVITATION.

_ If the local pressure in the fluld on, or near to,
“‘the proéeller blade falls below the .vapour pressure of the
'surroundlng fluld vaporlsatlon takes place in the form of
cav1t1eo. : These cav1t1es, which may take different

 forms depending on the operatlonsl conditions applying, w1ll

‘.;collapse upon entering a region of higher pressure.

In extreme cases their collapse may be v1olent leading to

damage to the surface of the blades.

A*"f'The types of cavitation normally encountered

: - Sheet cavitation in which fairly large areas of

the blade are denuded of water in proximity to the
~ surface. This type of cavitation is not
.. normally harmful to the blade surface except when

' the sheet withdraws violently.

Fig.

4.



Cloud Cavitation has the appearance of a fine mist,

and is believed'to consist of large numbers of small
bubbles. This type can be hatmful if present on the

blade surface and if

should»be avoided possible.

.Bubble Cavitation is easily recognisable by large

detached bubbles imploding on the blade surface.’

This is the most dangerous type and should Le

avoided.

- 10 -



-Vortex Cav1tat10n ls the long thin vortex whlch

~appears from the blade tips or‘propeller cone.
. Not normally troublesome unless the vortex breaks
' down on the hull surface, or on the nose of -the
‘Arudder or rudder horn, when erosion of the steel

" plating may occur. T S
A B ;fabﬁii"’; . Fig. 7.

- PRESSURE DISTRIBUTION CALCULATIONS.

- While‘the model experimental work was developing,
advances in the theoreticél~consideration of the subject
. of the pressures present on the blade surfaces were belng
made. The vortex theory method of analysis of

propeller action had reached a. stage where it was possible,

..




>under normél design conditions, tp esfimatevthe thrust
énd'torque ét each radius from the lift and drag
characteristics of the blade section profile. When
>.thesé.data_were used in conjunction with'pressufe
calculationslof the Theodorsen type it was possible to
~ estimate on which areas of the blade the suction would
'be éufficient to cause cavitation, i.e. when the

Ny

value exceeded the vapour pressure of the water.
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‘ It was thus possible to compate, in the uniform
stream, the results of experiment and calculation, but the

examples‘were few, largely because the calculations were

-
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arduous and lengthy and had to be carried out by hand
at the tlme.

*

| . The use of such calculations in conjunction

with test results in uniform stream, and with full

v_scalé experience from the observation of erosion

pattefns on propellers after periods in service,

- resulted in the widely used simple cav1tatlon dlagram

" published by Burrill in 1943. . ~'-_;?' L ;f Ref.
o ‘Fig.

+- - Fit. 9.—Covitation diagram. . *

- After trylng many methods of plottlng hls data

it was found most convenlent to plot a limiting lift
coefficient /1: against a correspondlng cavitation

number CSL . Guidance lines were chosen from the results
of known successful and unsuccessful propellers, and the use
- 0of these enabled the designer to choose a value of blade.
surface area which was likely to afford a reasonable margin
égainst harmful cavitation under the chosen operatiﬁg

- conditions of thrust and immersion;__ " In using this

diagram it must be remembered that the guidance lines’

apply to "families" of propellers having similar



bléde width diétribution, types of blade seqtioﬁ

."_prdfiles and radial pitch distributions. In

. general very satisfactory results have been
:achieved by the application of this diagram, but'
occasionally, for example, when an ﬁnusualvwake
distribution exists, the surface area, or bladev‘
widths at the outer parts of the blade, may not |

be sufficient to 'avoid local cavitation erosion.

WAKE REPRESENTATION

-

The influence of the non-uniformity of the
wake stream entering the'propeller disc was
appreciated to be a significant factor oﬁ screw
pfopeller performance, from the results of wake
distribution measurements behind model hulls carried
out in the 1930's. It was not until the late
1950's, however, that such wake surveys began to
become a regular featﬁre'of model tank testing, and
_efforts were made to consider cavitation performance

in the light of the results of these experiments.

.

PN

-';Experimentaily this was first done by Vafying
the conditions of the uniform water speed in the
.cavitation tunnel to represent the extremes of wake
and éavitation number in tbe'propeller disc, for
example, at the upper arch of the aperture where the
waﬁer speed is usually lowest and the head of water.
:ébove,the préﬁellér blade is lowest.  While helpful,
this method had drawbacks in that it was impossible
vto‘accéunt for the effects of transition from one
wake region to another, which éffects the formation

and breakdown of cavitation.

=14 -



el T, T T Rt MT T pepaeieni 3o, ax

Methods were devised of simulaﬁing the velocity
distribution in the cavitation tunnel, and these are:- .
(1) The flow regulator as used‘by_Netherlands
~ sShip Model Basin; SR ‘

"(2) Wire mesh grids to impose the necessary

. retardation of flow in certain areas;

"~ and

'.(3) A dummy stern form in conjunction with

~-wire grids.

. . ]
.. Fig. 10.
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In each case it is only the axial components of the
wake that can be reproduced, but it is believed that by
using the third method some approxXimation to the tangential

components will be represented.

" In considering tests under such conditions it must be

; remémbered that there is é scale difference between model

and ship, which cannot be properly accounted for because it
is impossible to represent the correct Froude number,

Reynolds number, and cavitation number simultaneously.

-



ITESTS IN 'SIMULATED.' FILOW CONDITIONS.
Cavitation tunnel tests under simulated flow conditions
- were first carried out commercially in the late 19505. The
15;extent and apparent severity of the cavitation which was |
lbbsérved on the model propellér blades caused considerable
alarm, and evoked strong recommeﬁdations from the experimenters

" to modify propeller designs which, in many. cases were of

families which had given satisfactory service in the past.

It was soon realised that not éil cavitation led to
erosion, and ﬁhat considerable systematic correlation with
full scale performance was essential before accurate full
“~_sca1e predicfions could be made from visual observations of

models in the cavitation tunnel. o .
_ : - Fig. 11.

This type of correlation requires patience, time, and

.expense, as it may be some years before the effects of

. davitation erosion can be properly identified, and the

-interception of subject ships in drydocks is not byvany
means easy. However, in the author's compaﬁy'strong
endeavours have been made to -collect such data, and records

for over one hundred and fifty examples are now filed.

.
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PAINT TESTS

" These records together w1th other. 1nvestlgators
‘experience, have greatly assisted the prediction of

full scale erosion from visual observations of

'caVLtatlon tests, but this is not by any means a

simple matter, since minor changes in blade form,

:whlch can easily be present on the small models, can

have a critical effect on the onset of cavitation.

The most revolutlonary step in this fleld in

"the author s oplnlon, however, was the introduction of

-Tmthe palnt test technlque believed to have been first

_used by the Swedish State Tank at Gothenburg. - This

consists of'applying a thin coat of paint or other

oloured f1uid to the outer surfaces of the model

propeller blades, then running the model in the

cavitation tunnel under steady, controlled conditions

. for 30 minutes. " At the end of that time the effects

of any severe cavitation can be observed by erosion

- Of the paint on the blades. ] ’ ”Tﬂc’.l.c;sled shig, service c‘.nd;:wrs

J=034 0%:10 3
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_ Examination of full scale propellers
after‘pefiods in service has revealed remarkably

good comparisons with the results of paint tests.

]_8 -
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"vThe'techpique has been adopted at other

testing establishments, but it is strongly believed '“

that ship/model correlation experience with every
tunnel is essential before full scale predictions
can be -accepted, because fundamental differences

between testing methods may influence the results.

1
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4FULL SCALE VISUAL OBSERVATTIONS

In recent years some very‘fas01nat1ng, and -
most valuable, work has been performed on the subject
‘of full,scale observation of propéller cavitation at
sea. - This is done by installing two windows in the
- ship's hull below the waterline, directingdthrough
one a stroboscopic light, and through the other a
- éamera for photographing the cavitation under varying

operating conditions.

Some of the resultslof this work, carried out
by the research department of Det Norske Veritas, have
been published, and excellent correlations with
'1;¢§vitation tunnel photographs and'éketches have been
reveéled.
| Ref.S5
Fig. 1l
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' FURTHER THEORETICAL STUDIES

The advent and developmentfof'mechanical
.-methods of calculation, and digital,computers,has.
eliminated the time consuming aspect of carrying

out the calculations referred to earlier -to determine
the thrust and torque characteristics of blade
sectisns, and the associated pressure distributions.
. With a knowledge of the wake-disﬁribution it is now

possible to perform such calculations at a number of

... angular positions during each revolution and thus to

consider the fluctuations in the forces and pressures

durlng each revolutlon.>

No suitable non—steédy lifting surface theory h
- is available which might adeguately represent the
f_complete cavitation picture, but the application of
two diﬁensional lifting line theory on a quasi—steady
basis has been used with reasonable success.
Cemparisens with model/theory/full scale‘have given
-real hobe of being able to predict cavitation from
calculations, and it has been possible to embody scme

of thls work into routlne propeller de31gn calculations.
| Ref.6
- The position at present with regard to erosioﬁ,
: the second harmful effect of cavitation, can therefore
- be summarised as follows : |
1) ' In the varying wake stream behind-present
‘"ship forms, particularly single screw forms,

it is almost impossible to avoid some

cavitation taking place.
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2) There is, however, reasonable chance of
predicting cavitation which might lead to
erosion, either by model testing or

calculations.

- 3) Steps can be taken to minimise erosion,
either by alterations to the propeller
design, or more positively by alterations

; £o the hull form to improve the wake |
distribution.

4) . Attention to the propeliér design will

"almost invariably lead to increase in
blade widths resulting in some, possibly

~small, loss in efficiency.

5) It is recommended that more attention -
should be paid to the hull form to reduce
velocity fluctuations through the propeller

disc.

-VIBRATION,

Ship hull vibration in various forms has presénted‘
itself in:ceftain céses forvmahy yéars, and has assuméd a
. role of major importance in modern ships of high power,
‘fitfed with much delicate electronic¢ control and navigation
'equipmént. 'As the frequency of vibration is mostly
coincidental with the product of shaft r.p.m. x number of

‘propeller blades, or some function of this result, the



vibration is usually described as propeller excited.

While some steps can be taken by design to reduce the
<eQEltatlon forces from the propeller, there will inevitably
:be fluctuations in these forces due to wake variations, and
'any resultlng ship hull v1brat10n should perhaps more properly
- be described as ‘“wake excited. v1bratlon" since it is not the
-~ fault of the propeller that it should be asked to operate under

such unfavourable condltlons.

Irregularltles in thrust and torque forces from the

- propeller durlng each revolution can lead either to axial

“and/or torsional Vlbratlon of the 'shafting which is transmltted
to the hull via the shaft bearings or thrust block, or to
:'dlrect hull vibration from the forces imparted to the hull

structure by the passage of the blades.

R T T T LU PR T

In the normal course or operatlon there is a pressure
:fleld surrourdlng each blade which, even if no wake variations
were: present would create an impulse as each blade passes
the hull. The presence of a variable wake field causes
"_greater fluctuations in the excitation forces, usually an
increaSe in the high wake region at the upper and lower arch
of the aperture on single screw ships, which increases the

possibility of vibration taking place. : S =
- : ’ e C e ’~->Fig._18.

w
2

TORQUE VARIATIONS g VERTICAL BENDING MOMENT
o

I:TX‘. ».!I\ ;'\ /t\ ;\!'\,n / -

S PAARRY

d VAR V Yo Vs .
[ 9 s > ™ 3go uf” Pnoreu.sn POSITION
PROPELLER POSITION e

N

PERCENTAGE OF
AVERAGE VALUE

HORIZONTAL BENDING MOMENT
~-25

2 B
200 THRUST VARIATIONS 0 90 180 270 360"
/\ l..'\ , PROPELLER POSITION

| . '
Y

H
!
H
; VA
\

A f p
MV AV S IVATLA
VIV ViV
3 L NS A\ 3
0k g Y w Y w0 T a0 e \
PROPELLER POSITION 270 90

[ No.OF
I BLADES

& ——— e

PERCENTAGE OF
AVERAGE VALUE

180°

s e e e S n e e e e = e s e = o e o 1t e s gesprmm

‘1>_'25 -



For many years the occurrence of hull V1brat10n
K‘was a35001ated only with propeller/hull clearances
~and with resonance between: blade frequency and the

natural frequency of the hull

Changes in propeller blade number have sometlmes
successfully reduced or eliminated vibration, and
increases in blade clearances have likewise sometimes
 effected improvements. It is now realised that
the latter measures have only succeeded because the
propeller blades have been moved into a slightly more
favourable wake distribution. - There have been
cases when the clearances forward of the blades have
been increased by alteration to the hull lines
resulting in steep'waterline endings, with worsening
effects on the cavitation and vibration, thus indicating

‘that the wake field has been unfavourably modified.

Conversely, the clearances forward of the
ipropeller have been reduced by the addition of fairing
. in the aperture, with favourable results to the

vibration performance.

—

‘Heavy vibration is sometimes accompanied by
sharp noises heard near the stern of the ship, at blade
-frequency. It has been suspected that these noises
' were associated with cavitation as each blade passed close

to_the hull.

- 26 -



‘THE THIRD HARMFUL EFFECT OF CAVITATION.

Recent publications of
experimental work carried out

has shown that the excitation

the results ofA
in cavitation tunnels

forces produced by

the operation of the propeller are increased by

‘a large factor when cavitation is taking place.

The Shlp v1bratlon caused b] fluctuatlng

forces is the thlrd harmful effect of cav1tat10n.

This must be considered separafely fror

the second effect,

since the measures whlch can

be taken to avoid erosion taking place do not

necessarily eliminate cavitation completely,

kS

and

it is believed thet the residual cavitation can

- force to-cause vibration.

" still create sufficient additional excitation

- 27 -
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Experimenfs in which the pressure impulses
were measured on a dummy huli in a cavitation
tunnel with'cavitating and non-cavitating
propeller models, showed that the pressure
fluctuations could be 12 times larger with the
cavitating propeller depending on the propeller
; geonmetry, operating conditions and blade number.
The influence of cavitation is relatively larger

for propellers with higher blade numbers.

: |
hh\!hvv WWW FWWVH?
| |

Fi16.19. Pressure fluctuations on centreline of hull as caused by different number of blades.
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TESTING FULL SHIP MODELS & PROPELLER
- © ‘Available calculation methods were inadequate
to estimate the propeller induced preséure
'fluctuations under cavitating conditiéns, and once
again it has been necessary to resort to model
experiments to investigate the interaction between

cavitating propellers and the ship's hull.

+

Fig.19



Invsueh work; it is more important than
'-ever-to ensure that, not only the axial wake
distribution, but also the radial and tangential
distributions are accurately reproduced and
that the model propeller is. operatlng under

proper cav1tat1ng condltlons.

‘ Therefore fac111t1es ‘have been bullt in
' whlch large complete ship models can be testeqd

with the propeller in operatlon at the correct

f cav1tat10n number, Froude number, and advance

Vdco—eff1c1ent. Two methods have been adopted,
~one at the swedish State Tank in which the

complete model is placed in a large cavitation
”tunnel with a measuring section of 2 ém x 1. Sm.
The second is at Netherlands Ship Model Basin
-where a vacuum tow1ng tank has been constructed,
to test shlp models up to 12m in 1ength 2. 4m
in w1dth and 18 tons in weight.

Jer

FULL SCALE EXEFERIMENTATION

Det Norske Veritas, in conjunctlon with
fScand1nav1an Shlpbullders, Owners, and Experimental
~Tanks, have performed some valuable full scale
measurements of hull forces in conjunction with
Afull scale observations of cavitation, for
_ comparison with model results. In due course,

after comparison of a representative number of

- examples, it could be possible to estimate likely

vibration from model tests, and in time, hopefully,

- from calculations.

- 20 -
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PREVENTION AND CURE OF CAVITATION PROBLEMS

The cure of most cavitation problems lies in
an improvement in the velocity distribution into
the propeller. Experience has'shown that high

~and low velocity peaks shoﬁld be.avoided, and
that steep gradients from regions of high Velocity:
to regions of low velocity, and vice versa, should

also be avoided.

Examples of wake distribution are shown.

illustrating these features.
Fig.2(
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‘Prevention is always bétter than cure.
Therefore efforts should be made-:to produce hull
forms giving good wake distributions. It is not
yet possible to be sure of good results without
the use of model expériments, but there are
certain rules which can be followed witﬁ advantage.:

These are :

1) Avoid steepening reflexes in the waterlines
near the propeller, which might give rise

to flow4separation.

a

2)  Keep the angles of run of the waterlines
as low as possible in the upper arch of

the aperture.

-5) Make the waterline endings at the sternpost

as fine as practicable.

4) ‘Do not attempt to obtain large clearances
. forward of the propeller blades at the

.expense of fineness of waterline endings.

5) Wake surveys should be carried out as early
. as possible in the testing programme; and
- modifications to the lines made to effect
- improvements. This procedure is being
practised more and mdre on the European
' continent. There is little point in
performing such tests when the ship is

half built.
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In cases when V1bratJon and/or severe local
‘cav1tatlon erosion has been found to occur in service,
the -wake distribution can be modified by the use of fins,
"partial tunnels, or vortex generators. © Each of these
methods have been found to.give success in isolated cases.
An 1nd1catlon of thelr worth can be judged from model
“tests, but the true value usually is not conflrmed untll

full scale tests have been made.

CONCILUSIONS.

_ . . Of the three harmful effects of cav1tat10n, it can.
be sald that the first - i.e. loss of thrust, is now not

-met with on normal merchant ships.

The second, that of cav1tatlon er031on, is now not

~serlously troublesome. It can be anticipated by

" calculation and model tests, and steps can be taken to avoid

serious effects. In so doing, it may be necessary to
adopt increases in blade width resulting in small losses of
efficiency. These losses could be avoidel"if better

‘wake fields are provided in the propeller plane.

- The third effect, that of vibration, is more
serious. To -avoid cavitation completely in an
unfavourable wake field may be impossible, and in any - -
case would inevitably result in very wide propeller blades
with a conseqtent loss of efficiency, increase in weight

. leading possibly to other problems, -and price.

_ | dIt is recommended that greater attention should be
paid to after body forms to improve the velocity

distribution in the propeller disc.
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