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PRODUCITON OF S ALL PROPPLL™RS 'WORKTNG N7AT:

Ti® CAVIﬁATION ZONT .,
By BT EAT

Inty C s

It may well be asked why the particular rafaranca in ths title
of this paper is to small propsllars working near the cavitation
peint. Yhe reason is that all the work outlined herein was undere
takan in ordesr %o solvse the particular problam of ensuring maXimum
pexrformance of an existing type of high speed craft fitted with 2
previously selected typs of rachinery. ‘the high thrust loading on
the fitted propesllers nad given rise to sowe doubt about their
~fficiency in service, and it was evident that undsr certasin lozde
ing conditions cavitation was being axperienced. Further eXperienae
had shown that in {ropical and sub-tropical waters the original
propallars, cast in manganaze bronze, deteriorated very guickly,
being very badly pitted around the sdges and on the facaes of the
bladas due to corrosion, andsiriated on the backs of the blades, and
to & lesssr =xtent on the faces, due to srosion. TIn overcoring
thes~ problems, mathods, first of satisfac torily casting the propeslls=
ars in aluminium bronze, than of maching the fac~s of the blades in
machines available, and finally dynamically balancing had to be

~davised. Ultirat=ly it was n~cessary to considar a rethod which

would physically indicate by graphical means that induc-~d vibration
had been considarably r~duc=d, besides running a corplate sarieg of
progressiva spe~d trials on one particular vessae., using the
original propellers and the newly daveloped blad~s undsr similar
conditions, proving the gain in performance of ths bladas.

Analysis of the Problem

ihs craft to be prop=llad Ly the propsllers under considaraiion
were of vae bottom type, 63ft. ovarall length.

Length watearline - 591t
Maxirur Beam = 15 ft.
Paximuwr Draft - 3ft. 10¢
Loadad VWaterline Leam - 13ft. 10"

Displacamant 53,000 1bs.
Main propulsion machinery, consisting of two n2trol sngines rated
as 630 BHP eachi at 2000 rpr, the propellsrs to te drivan direct
from the engines. No informration was availabls concarning the
ac tual speed wihich may be anticipatad under the newly rafitted
condition in which the displacement had veen inereased by the addite
iom of naw sguipment and heaviaer fittings. The craft as originally
fitted out were said to hava achiev~d a Speed of 33 knots, so an
estimate of spead was made, using the rasulis of model tests of
similar types of craft. Ihe result being that a spead of 29 knots
could be anticipatad, and it was de¢d=d to work on this basis. The
original propellars as fittad to this craft were available, but no
accurate drawing was in existence, consaguently a rough drawing wae
1ifted, and the leading particulars of the blades could bs worked
out. Howaver bafore any furthsr developrent was considared a
design analysis, using standard propellar curvas, was made, and all
computations indicated that propallers of the typs fitted originally
should still be satisfactory, if cars ware takan to ensur~ that the
nawly produced prop=2llars wers no less accurate in Forr.

ihe l=ading particulsrs of the blades sra =

Diameter 233"

Pi teh 235"

Davaloprd ar=a 3975 sy. inches.

RPN 2100

NQO. of blades

Saction typa Flat fac~ circular back

Bafore final detailed design, it was considsred =dvisabla to
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Study the effacts of cavitation ror~ thoroughly, and to use such
information in final d=sign, for it was assurad at this 8tage that
cavitation could influance the ultimate performance considerably.

Lerbs, one of the foundars of experimental investigation of
the cavitation problem dafines czvitation as "a modification of
the flow in fluid, charscterised by the foct that in certain rag:ions
of the velocity field, th= pressure arops until it rsachss thes
vapour pressures of ths fluid. 'The nhenomrenon is accompaniad by a
change of sore of the fluid inte saturatad vapour, as a rasult of
wiuich the horogenity of the flow is disturbed®. ‘Yhese ragions of
rinimun pressure in steady flow in an ideal fluig coinecids,
according teo Barnouli's law, with regions of raximur velocity. 1In
other words there is a braakdown in tha smooth flow of solid water
as it flows over the surface profils, and a change in profile
characteristics may be 2Xpectad when the cavitation zone is
sufficiently extanded.

i0day it is genarally appraciat~d that th-rs are twe basic kindse
of caritatian, Larinar cavitation and burbling cavitation.

Larinar cavitation is characi~risad by a cavity stretcn-d out in a
long tnin shesat or tube, DBurbling cavitation by cavitation in the
forr of bubbles, soms timas- spharical and in some cases uarispherical.

In th2 cass of ths propeller, cavitation gives rise to sn in-
crease in the ravolutions par minute, owing to a reduction in thrust
and torgque. At the same tims the 8crew efficiency materially drops,
80 that finally, though the powar is greatly increased, no increase
in snip spead is achiaved.

In the classical “Daring” trials, it was noted, that with the
original prosellars a speed of 24 knots could be obiained witih
3700 ITHP snd 384 rpm. Further propallers ware designed and tried,
the sixth scraw having 45% more blade aresq than the first. ‘he same
spa2d of 24 knots was reachad with 3050 IHP and 317 rpm, the top
sp22d being 29,25 knots at 3%rpm. At a speed of 25.5 knots it was
computad that the wean thrust arnsuntad to about 14 1ivs per s9. inch
of projected surface of tha blades, and 1t was assured that <6 of
th2 mean thrust or 8.5 1bs Par sq. inch was due to the suction on
the backs of the blades, {this baing about the usual pronortion of
lift contributed by an asrofoil undar normal conditions.)

Assuming that the pressura head of water over ile blad-s tips
dus to immarsion was so srall that it could be ignorad, then this
prassure at the blade tips was atmosph=ric or about 1§ 1bs par sq-.
inch, hence it was concluded that ths suction of tha proualler
blades reduced the pressurs by approxirately 604 and so developed
a condition in which cavities might be forred at the backs of the
blades. It was Dr. R. 2. Froude who suggasted that the t21r
"cavitation® be usad to describe this phenomenon, and it has
remained in use sincsa.

ihe mxparience gained from the "Daring® trials lad to a
suggestion that a dafinite figur=s for thrust loading would provida
& critserion for cavitation. ‘“his wag lat=r found to v= correct up
to a point, but the suggestion was too general, for it has Leen
sitown that the propallsrsof large vessels can Tarain fairly frees
fror cavitation up to spe=ds of 30 knots with ti» speads of 10, 000
ft/4f and blade loading of 15 1lbs par 8G. inch. Small boats on the
other hand find cavitation occuring at 18 knots with tip sp=eds of
8000ft A and blada loading of & lbe P2r sg. inch.

It will be avpraciatad than, that in designing a blads to avoid
cavitation, it is not meraly a matter of adding surface to r~duce
the pressurs par unit of blad= ares to a known standard, but rather
the question involves more corplex considerations involving shape
of s~ction, blades spe-d, tip irmarsion, piteh variations ovar the b
blade surface, roughness and wake variations. _

lo try and astirmats the daoree to which cavitation could effact
the propeller, consideration was givan to the theoratical backeround
and derived cavitation criterion.

Assuring the inflow to th~ propallar to be horizontal the
relation batwe=n pressure and velocity along a strear tub- in s
fluid flowing toward and past th= propellar ig =

P + épvz =z Lonstant a H




If we consider a point distant from thie where Vr is the remote
velocity and pg the pressure, theni-

Po + VT2 = H

ﬂence

P + PV = Po +

or PZ Po 2;; 2 Vra)
Where V is zero the result is

P= po+ -é—f)(?rz)

—é— Vre being the kinetic pressure or sisgnation pressure, and the point

which i$ cccurs the *Stagnation Point'. This stagnation point
occurs on, at, or close to, the leading extremity of a body moving
through a fluid and in the cage of propsllers the location of tnis
point is quite important.

It will be seen that when ,an increase in velocity flow alongside
a body becomes so great that »p(V2-Vr2) is largsr than pp the local
pressure becomes negative, causing, in the case of water; the formation
of cavities or bubbles, and these may form even befors this particular
condition arises, beginning when the local pressure becomes egual
te the vapour pressure of water, i.e. with Py a8 the vapour pressure,
the formation of cavitation begins when py = Do - ?—p(v&v.r )

In ordesr to arrive at some bassis for comparison between
propellers and models the incrementis of pressure in relation to the
stagnation pressure shall be the same i.e.

Lol{vRaypl
:%%Wai-} = & constant

or, substituting from azbove

gﬁ-—z—h = & constant

ZpY

where po-py i8 ( atmospheric pressure plus hydrostatic pressure) =
vapour pressure in pounds per square foot at the shaft axis and Vi

is taken to be the relative velocity of body and water. There is some
differasnce of opinion as to the actual values of V. as in reality the
basic assumption assumes it to be a factor in the stream tube ralation-
ship. It is now accepted as the velocity of advance measured in feet
per second.

This quantity
Po = Py _ . _
”}——“Pvg—* is now commonly known as the 'Cavitation

nunmber denoted by the symbole and generally expressed as
Q.-
!E. e = 6
ridd

The ether non dimensiomal coefficients used in analysis of
cavitation criteria, and which can be derived from consideration of
dimensional analysis are

Advance coefficient J-= _N'%

Thrust coefficient Kg= %;;gﬂ

Torque coefficient KQ =—E-§§55-
e

Bfficiency = Kt
? KQ
Cavitation number ¢ ~ Po - 8

5PV




where Stream velocity in relation to the propellar
Propeller revolutions per second

Propedier diameter in feet

Propeller thrust in pounds

Propeller torque in foot pounds

Hydrostatic pressure at csntre of screw
Acceleration due to gravity

Vapour pressure of fluid

f Fluid density.

amy@auz<

Ihe particulars of these propellars are now used and the various
factors derivsad.

Disg. 2 # 1- 8'

Pitch 1-98*

v 29 knots 485 fi/sec

£ 3

D

N 2000rpm 33-3 revs/sec

Developed area 397.5 sg. ins 8% 2°76 8q. £t
Projectied area 345 8q. ins. 24 =ag. ft.
Hub immersion 2:5 £t.

Salt water temp. 60°F
1-988 slugs/ £t3

Pg:= Ié 345',): xpgé)ﬁ(zvg X 64)] - 0-25 x 144 = 2241 1bs/ft2
K.=Pg x Dev. Area _ 2241 x 2:76 _ - 0-183
N2 D4 1-.988 x 1189 x 15-35
J . %%' - ;g:g 5198~ 0-741
os Do ® 2241 0.96

4 x 1988 x 48-52
In Lerdb's criteria

f;é- = 096 x 0:9 = 0-862

Using the Robb formulation
Kef*sp(lé%‘] - 0°229P)K,
I°§§8(1°06? = 0°229)0-183

-

-
-
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Using Lerb's cavitation critsria for three bladed Schaffran Bz
series propellers and the basic vslocity derived from the hull
analysis we find that back cavitation can definately be antieipated,
possibly face cavitation as well, with a beginning of thrust
decrease, which not being of major intensity indicates that any
increase of area, though increasing efficisncy slightly at full
power, considerably reduces the efficiency at lower cruising speeds.

The slide 1llustrates the effect of increase in blade area at
similar cavitation mumbers. The propellers considared are somewhat
gimilar to No.5 shown in the series, though the illustrstions are for
propellers running at 6= 0:675.

At this stage the basic particulars of the propellsrs had been
confirmed and consideration was given to the detailed design of the
blade sections, one point in particular being borne in mind. The late
Dr. G.5. Baker in a Paper to the Institute of Mechanical “ngineers
analysed the conditions of working of wide bladad screws and concluded
that, as these blades worked at very srall angles of attack where
transmitting low thrusti, the small inaccuracies in th- pitch face of
the bladecould cause consid=rable increase in torgque and conseguent
inefficiency. :

1 For instance - considaring a blade working at below the cavitation
imit
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ad corractad for intake velocity and rotary velocity the angle of
atiack is about 19 at the tip and 59 at 40% of the blade radius
from the boss. If the blade width for this mmxkiatkem condition is
increased the zero lift angle is reduced and the angle of attack
becomes emaller for a similar thrust relatiomship.

Other points considered in the design being-

1. The blade thickness ratio was kept as emall as possib-le at the
root of the blades in order to raduce the cascade effects in this
region.

2. It was decided to use flat faced, and circular backed blades, as
asrofoil sections do not lend themselves to use oh highly loaded
blades, as the locally produc=d peaks in pressure can cause breakdown
of flow and the onseti of serious cavitation.

3. the finishing of the blade sections at thes leading edge was conside
ered most important, and the gradual rounding off the ends of the
section working in from the outer ends of the blades as most carefully
defined. ,

4. It was not considered advisable to use any of the recently
developed cavitation resistant sections involving the adoptiom of a
concave face in order to reduce water hWammmmx the shock effact of
water entering the propeller area mainly due to the diffuculty in
~defining the surface for machine reproduction.
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ilaving dealt with the theoretical considearation involved in
the selaction of the particulars for the propeller the naxt question
arose conc~rning material and casting. 41he original propsllers had
been cast in manganaese bronza B.s.s./S1A7/ x 3, and due to the
effactis of corrosion and erosion a considerable proportion of thess
propallers were considerad unserviceable. Other experisnces with
cast manganese bronze iIn tropical and sub-tropical conditions when
fitted to wooden vessasls had raised a doubt as to the desirability
of using this material in any nsw proosller to be oroduced, partic-
ularly in view of the fact that at high thrust loadiug, cavitation,
both laminar and burbling, could :e expactiei. lany thaories have
been advanced concerning the actual wmechanism of cavitation erosion
and in 1919 the Report of the Propeller Sube-camrittes of the Board
of Invention and Lesearch advanced the suggestion that surface
arosion resulting from cavitation is duas to "oin point" water hammer
causad by the unrasist2d or uncus iosned collaps2 of sohsrical cave
ities on the surfacae of the raterial considerad.

ihe calculations of the ragnitude of the imnact forcas made at
the time, have baen siiown t0 have ovarlooked sora facts of th-
problem and recant exparirants by Bottomley have been carried out
using a converg~ont, divergent nozzle with perspsx sides. ‘ihe prasse
ur=s head across the nozzle can be alterad at will, similarly the
vapour pressure can be changad by heating the water in the system
and air introaducad into the systam to further simulate working
conditious. A gen~=ral stataem=nt of the conclusion is thate

(a) wWater is in a state of suparsaturation during the process
of formation and collapse of cuvitation bubblas.

(b) Waler pressure at wiuicn the bubblas collapse is practically
thes same as the pressure at which thsy form.

{(c) It is not necessary for the water pressure to fall to the
vapour pressure to produce cavitation erosion.

inis lattar point has baen a sturbling block to quantitative
axperiment for sore tire and accounts for the "spread® of experimente
al tesi results.

During the collaps2 of ths cavitation bubblas ithe irplosion
results in high concentration of pressure, and it has veen calculated
that, taking into account z certain elasticity of the metal surface,
the irpact due to destroying the velocity of the water is at least
120 tons per sq. inch,which is well above the elastic limit of
materials usad in proncllers and sufficiant to account for the
damage axperienc~2d in nractice.

Understandi ng the mechanical nature of cavitation arosion,
theori=s have baen advanced relating the pitting resistance of
retals available for use where cavitation may be 2xpacted to

(1) 'he corrosion fatigues limig,

2) 17Ths Brinnel hardness,

3) The tensile sirangth,
howaver marked inconsistencies in reasults obtain~d have laft the
ratter open to soaculation though it is genarally conced~d that the
following characteristics of mntals are of influencs.

Yield point, capacity of d~forration, tensile strength, fatigus
properties, cold working proparties or suscaptibility to strain
hardening, grain shape, size and structure and distribution of
alloy constituents.

Yousson in a papear to AGL T 1937 refars to two types of failure
obsarved during cavitation ~rosion tests.

(a) Failures due to suseessiee daforration in the zone of
highest stress concantration aftar the cajrcity of yield had been
exhaustad.

{(b) Failurs due to sueesssive fatigue teneath tha zone of
possibla yield, and from obs~=ivation made, came to tie conclusion
that the primary properties to ve analysed in s=2lection of raterials
when cavitation erosion may we =xp=ctad ars =

Yield point, capacity of deforration, tensile stirength and
fatigue lirit, all other points may e considerad of a sacondary
nature. -With these points in mind the plysical nropsrtiss of =
nurbar of suitable and w2ll known pros2llar ratals wars analyes~d ad
t-8low 3=




. 3 U YPoint 3longation B.Hardness Cavitntion
. Luss rmg/lénrs

Tvardux 50, 200 25,000 22 82 258.0
Al. Bronze 70,900 35,000 12-20 107 41.6
Cun ! atal 40,000 20, 000 20=-25 61 391
¥'n. Bronze €%,000 30, 000 15-22 129 135

Results from oth=r axpariments are as follows with the inclusion
cf a figure of wearit.

U U.I.S. “™long. BH. wt/loss F. of warit

Admiralty mon Bronzae 35 27 156 8.9 1.0
Al. Bronue DD 412 40,42 24 169 4.7 4.0
Gun Yetal 16.6 20=25 &4 18.9 1.15

Further, in view of th2 w2ll known corrosion rasistanc~ of cast
aluminiur tronze whan couplad with monal or 1.8 stainless stieel it
was ‘dacided that if Aluriniur Bronze castings could b» satisfucorily
praducad, future propsllers should ve made in this raterial as
d~fined BSS/SiA7 /CA4 or D.1.D. 412,

$7¢uT9N111. Castings.

Due to th= large blade ares of ths propeller designsad, the
only mathod of obtaining a satisfactory casting was to use a single
blad~d wooden rastar patiern and make core boxas for =ach blade
Banding. this was dons and the first castings ware praoducad at a
wueansland foundry from aporoved Al. Bronze ingots. ih=2 only tast
raquiremants laid down to be satisfiad by ths matal as cast wears =

ﬁa) iwo only test bars - cast off

b) Visual inspaction of casting itsslf.

Hboth the castings and test bars nrovaed satisfactory, and 1% was
dacidnad that machining could cormance. At this stage, T rust anti-
civate further rasults, for on final trials of the craft itself,
axtraraly bad flaws becore avidant on the bladas aftar ten days
immarsion in the watar ang full pow=sr spe=d triasls, as jindicated in
the accorpanying »ihotograph and nlate.

Many theories were advanced, and it became apparant that the
only satisfactory method of axamination was by radiological m=ans.
s first exapinations ware carri=d out by the Ipswich nailway
workshops, iest lous=, ir queencland, and the results obtain-d
indicated inconsistency in the cast alloy even where the surface
of the blade appeared urmarkasd, cons=gu=2ntly a full r~2sort was
obtaina2d from the Dafance Standard Laboratories and T quots from
the raport presentzd.

“Num=xous sharp cavities wers present on the trailing facas of
the blades ( meaning the suctlon {aces or backs of tn= blad~=s),
teing more pronouncad at the junction of the blades and the Lub."




. Hadiological sxamination of the2 blad=s showad that scattered
oxide inclusions, some containing entrapped air wera prasent.
Shrinking cavities, visible on th= surface, wers pres=nt on =ach
‘blade. "

Remarks.

1. The cavities on the surfacs of the blades wers caus~d by
arogsion of the oxide inclusion, sore of the inclusions probably
containing entrapped air.

2. Surface shrinkare cavities and oxide inclusion are presant
on esach blade; somae of thess d=facts would be uncoverad on
rasurfacing tha blada.

I would furthar point out again that to visual inspection
befors trials there wers no d=facts evident of any typve, the
figished polished blade appearing to be of parfectly horoganeous
alloy. ,
Tvidently the pouring tachnique usad for thsese propellers had
been wrong, for the most difficult problem in the production of
alurinium bronze castings is the pravention of oxide formation on
the metal during casting, Provided the meltiug procedurs has been
all that is d~sired, vary little oxid= or dross should be prasant
in the wetal. Actually the oxide originatss from the tough
proctactive film or skin which is formed by the metal on axposure
te the atmosphsre, During pouring, this film is likely to bresk
away and enter th2 mould.

Should pouring be at all turbul=snt ths formation of oxide is
accentuat~d and unlike soms of the bronzes the oxide filr will not
rerix with the parent alloy.

It is thus essential that the gating arrangsments b= such that
the metal will flow gently to ithe2 level of the bottom gate and
enter the mould quietly. In other words the mould is filled
gradually from below rath»or than by a stream of matal falling through
the main header.

Anothar essential point is the provision of adegquats risers and
faeding heads, these shculd be so located that shrink cavities and
- pipes will be formed in th= risers and not in the casting 1tsalf,
whilsti the main headsr should be of amnle provortion to =nsurs a
sound dense casting.

In tha first casting rade ths m2tal had been porurad and the mould
fill=ad from the top, and this turbulent pouring had been responsible
for the oxide inclusion latar found evid=nt in the casting. With
this exparience gained, the cor= boxes were rad=signed and thn»
mathod of pouring chang=d s0 that thes main flow is from the bottom
of the casting through four horngatas, on2 at =2ach blad= tip and one
at the boss, with approximataly four risers all told.

ihe first castings produced by this matiod have basn radioe
logically examinad 2nd no defactis have been evident from thnis examre
ination, further no visual defactis have shown during rachining.

FCAYION 1V, Machining {schnique.

As rantioned earlier the basic method to be used in production
of thes finished blade was to produc= a plan=d helical surface to act
as datum fror which all measurarants of thickness could be takaen, ac
so from the rough casting th2 naxt important step was boriug which
was carriaed out in a Vartical Boring machine using a taper reamer
drill. In view of th=s fact that a nurbar of blades would ultimately
ve raguirad, it was considared advisable to hava these taper reamar
drille manufacturad to watch a sarsle vlug made fror the existing
poopeller shafts. Having set up the blad~ on the turntable the tire
expanded in boring the boss of the blade was sbout 3/4 an hour. Yhe
blade was next transfarred to a lathe whar~ the diarater was checked
g0 giving & location print at the tips of all blad~=s, nexi care the
machining process. 1lhe only rachine availables for machining the
faceg of the blades was a Cincina tti ¥illing machine with a snacial
long arbour for holding the cutter. 'he propaller was s=2t up on a
turning arbour on the piate of th= miller and so arranged that as
the propeller was turn=d on the




centralarbour, the whola plate was travarsad at a uniform rate, the
distanca travers=d par revolution being =gual to tihe piteh of the
blad= helix. '

by use of a dividing h2ad and the gaared drives available an
the rachins the exact piteh could be reproduced.

When the trial machining rethods were being investigated on
0ld propellsr was used and it was found a simple ratter - over the
area of blade considsred, to bring thes milling cuttar, in this case
3% diam, and 1" width, into contact with the face of the blad= and
allow it to follow out thes helix angle across the widih of the
blade. However it was not unril the first cut had been wade with
an actual casting that it was realis=d that in carrying out the
first expariments a section of blade had Leen used wien the change
of helix angle along the face of the blade was not greate On
coming clos»r to the boss however, the aspact of the problem &f
face machining changed greatly for it was then realised that previows
assurption had been that the cutter was infinitely thin and of
infini tely srall diar=ter, in other words the gaometry of the
machina drives had basen work~d out on the basis that the cutter
represented a point travarsing the fac2 of the blad= and being
moved from tip to root.

Tt was evident that the whole theoretical approach would have
to be ravisad as the strikles 1°ne produeing the halix of the face
of the blade was in reality tha point of contact of the cutter and
its tangent at tha particuzarvoint considarad, for ( rafarring to
the diagrarm), if A wers th= vpoint of contact where the helix angla
at the point consid»rad is 8 and the changs in helix angle from the
?aint consider=d to ths next point is o , when the halix angle is
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fhen at this naw s-action insiead of the point of contact b2ing 4,
tha point of contact would havas basn B if the cuttier had not ®esn
moved and all the aexcess metal cut off by the chord bb would have
b=z2n ramovad by the millar,

It thus bacama svident thai point A to remain a contact point
rust remain fixed and centre of the milling "0%" cutter must be
moved in a circular are around A as shown in the new diagram
Fig. 4.2.

Once again this provsed a corparatively simple correction to be
made as ths arc VU 0' could b= approxirated to by available movements
in the machine, i.e. a plate deprassion and a dirsct translation
baing the two resolvegd components of the reguirad movem=nt.

Howaver this still did not ~liminate the assumption that the
milling cutter was of infinitesly thin sactlon; for in the length
of the cutter its=lf, the changs of helix angle causad on2 and of
the cutter to %"dig in®, whilst the other end rerely touchad tha
surface of the blade. 1his in turn meant that the cutter had to
be angled across the facs of the blad= to approximate to this new
condition. In actual fact though the points of contact at both ends
of ths cutter were corract the correction did not entirely ovarcome
the difficulties at the mig point along the cutting tool and it was
calculated the slight irregularity so formed would be approx 5
thousandths of an inch, close to the boss, which was consider=d an




acceptable error, particularly as this would possibly be eliminated
in the first hand finishing and buffing of the blade.

-
Diagrematically this iézgﬁéﬁ% above.
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Plates 5, 6, and 7 illustrate the propeller set vp in the
milling machine. Views from different angles illustirate rough cuts
being taken. Plate 11 showe a large radial planer being used to
generate the surface of a large ship propeller.

The tolerances used in the production of the propeller under
consideration were i

Diameter : =
" F & A Aligmment £71/16%
Pitch Yean t 5%
thickness t.al”
Blade outline ti1/329
Blade centres Y 15 rins.
Tdges .01"%

Though the method of machining was derived entirely for a
propeller in which the helix is traced out by the strickle linae
at right angles to the shaft centra line and the helix is of uniform
pitch, it can be modifiad to produce any helical face provided the
pitch ramains constant. It can even be modified to taks into account
change in pitch, but the d=cision as to the advisability of going

to such lengths d=pends entiraly upon the particular circurstancas
involved.

It must be stiressed at this point that the only rezson undar=
lying the developrent of this t=2cianigque was to produca a face
maclinad propeller with existing machines. In other parts of the
world special bock and facs planing mackines ars available through




the actionof producing rsquirad hslix is not one of rilling, but
rathar of planing, as the cutting tool works radially along the
blades and not transversely acroess its face as described above.

daving produced a planed surface to sesrve as a datum surface
for the measuremant of blade section thickness ordinates the backs
of ths blades can now b2 finishad off 10 the requir=d contours. In
doing this it was thought desirable to us2 a blode outlined tarplate
with neresrous holes punched in it corresponding to the check points
given on the drawing.

SICITON V. _ Balancing.

On complation of hand draessing befors buffing, ths prop=llers
were nexi statically balanced using a tapersd mandril and knife
edges. In g=2neral this out of balance was found to be vary srally
the acceptable limiting momant being of tha ordar of eix inch ounces.

ihe opsaration of dynamic balancing was next carrisd out. “he
propeller was first run in the dynaric balancing machine sand readings
obtained of the position of th~ unbalanced weight, with an indication
of the degrse of unbalance. A known weight was then add~d in a
definite position and on re-running the degree of corraction esti-
mated. Having removed metal to txry and corract the indicated out of
balance the propeller is again run in the balancar and the aeffect
noted. ‘this process was r=peated until the reguired degree of
balance was achiavsad.

‘he accompanying slides ({,9,10}) show the propeller sst up in
the wmachine with the control pan=l in the backe=ground. It was found
with thess propsllars as the machining and finishing t=chinigue had
truad the blades bayond the point normllly experienc=d in propeller
ranufac ture, the degree of out of balance was very small and any
attzrpts to irprove rattiers gensrally had the opposite affact.

As & basis of comparison one of the best of the original
propell-rs was run in the balancar and it was found that the
unbalanc=d moment was aoprox. thrsee times that acceptad for the
naw propellers. ‘he ramarks of Professor Burrill in his recent
paper to the Institute on "Propellsar ! anufacture® confirm these
&indings.

the propallers wers next r2turnad to the fitting shov for
final buffing and daspatch.

SBRCTIONVY . Irials.

During the trial orogramma the basic results regquired wers

(a) A progressive speed trial to corpars the rasults of
trials with a pair of original provallers in serviceable condition.

(b) A racordad indication of the fraquency and arplitude of
vibration producad in each cassa.

One boat was us2d for all trials and the displacwmant was kept
comparable for all trials by the limiting of the parsonnal aboard
and the checking of keel and water levelsg before esach individual
trial. It was found by exarcising resasonabls care thers would not
have ba2n more than 4001bs differance in displaceament during the
trials. :

Raferring to the accompanying diagram it will b2 seen that
with the new propellars the cruising spaed at 1400 engine revolution
smounted to 19.69 knots - with the original propall->rs th=z speed
was 1l7.2 knots, the mazimum op=rational spaeds being 28.76 knots
and 27.05 knots with thes 2ngines running at 2000rmm. I might
mention at this point that all times on trials w=res run over a
measured distanc= betwesn two piles in open water, the depth being
approximately 45 feet along ths m=2asurad course, with ampde water
at each approach 2nd. 4wo indepandent stoowatches were used for




1

o
£

TSR

B2

3

Wl S

LR M Y
£

Had

7

.

-,

3

&

R

2
L4

DT
ER N

F et

8

o

£

%

was




7

Refarancas.

Van Lammeran and 1roost
Robb

Institute of Naval Axrchitecture
and Marins %nginasring

Bottomlaey

Srith

Burrill

¥Fousson

8.Copper Developmant

9
10.

1l.

i2.

13.

14.
15.

Gawn

Baker

Doust

Bell

Leeter

Taylor

Barnaby

>3

Rasistance Propulsion and
Stearing of Ships.

Theory of Javal Architecture.

Principals of Naval Architect..

arosion due to Incipiant
Cavitation, (I.I'-%. proceed=-
ings 1948)

Cavitation of larine Propellers
{ 48L7% uransactions 1937)

On Propellar ranufacture -
{(Institute of Naval Arch.
iransactions April 1954.)

Pitting r=sistancs of Fetals
under Cavitation Conditions
(AB% Transactions 1937.)

Aluminiur Brongs.

Cavitation of Seraw Propellers
(N3C iransaction 1949)

Fundareantals of Marine Scraw
Propellars - Ingt. }M% 1950

Design analysis Diagrams-

Wide Blade(iransactions INA

1950)

Some Model Txperiments on the

effects of Blade area on

Propellsr Cavitation. 1.

Radiographic Taste of Cast

katal and of Velds ){Tngineers
and “nginesring)

Speed and Powar of Ships

Yarine Propellers.




SPEED In I(A/ors

-
30
29 SPEED TRIGL 02111 a
domp (oo)= 120 A Ap=i3.7
28 NTITIP T IT TN TT T
27 A
SPEED OBTOINED UNDER, 10ERL, CONOI?TOA/?@ 7 /,\
26 SMooTH WRTER No WiND W~
25 £
NSRS
R 55
o 1B W L& 83
0]
3k 8
Q
S g |1
| %~
Z:; Ve é & 1
% 3 =
3l & | &
Q: b
vy /
by g ; / WeRTHER, CoNiTtonss
& Sisii AR ConNDIT FoR Bo -
¢ / LLAR FONPTIoNS T8 Bary Ga Il RS
& 7 /i s
,é 3 HOPPY SURFRCE WRVES
I, ,
& ,
éaz 1% “"‘” 5 / R &
G "7 , PoE
' 7 {Z\fv-' )
LB g P
o
590, - %9/
pf
L AE

1000 oo  Roo  Beo Mmoo /50% p l/ffwo 1700 o0 Koo Jooo  Zioo

055 0-bobs 0495 o0n
O :/5067 7




2 4y sty wp bl

z €1y

‘WABY POHG
ANZFIIC 30 SMIWS MO NOUWIIAED INLEBUIWES)

$L9:0-P FiN MIBIS SL90 - SN MI¥S S0 ¥ PN WIIOS

SL9'C " P SN MWW= SLS © % TN M SL9C - ® | ¢N MIWDE




el bry
7z by
o 61y




