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The Naval Auxiliary Oiler AO-177, USS Cimarron (U.S. Navy Photograph)

Causes and Corrections for Propelier-Excited Airborne Noise
on a Naval Auxiliary Oiler

Michael B. Wilson,' Member, Donald N. McCallum,? Associate Member,
Robert J. Boswell,’ Member, David D. Bernhard,? Visitor, and Alan B. Chase,> Visitor

The AO-177, first of a new class of Naval Auxiliary Oilers, experienced high levels of inboard air-
borne noise and initial-stage erosion damage on its skewed, seven-bladed propeiler during builder’s
trials. This paper describes the problems, corrective design modifications considered, and proce-
dures and rationale used to develop a successful corrective design modification consisting of a fin
to improve the flow into the propeller. To evaluate the problem, extensive model experiments were
conducted, including flow visualization, wake surveys, powering experiments, and a crucial series
of cavitation experiments including propeller-induced hull pressure measurements in a large water
tunnel. Experiments with two fin designs showed the superiority of a flow-accelerating contigura-
tion. Other experiments showed some benefits of altering the propeller blade shaps. Propelier
analyses were undertaken to provide design aiternatives for retrofitting the ship with a new propeller.
A full-scale trial with the final fin design provided evidence of a reduction of the highest levels of air-
borne noise, reduction in the initial-stage erosion damage, and minimal effect on ship speed. The
result is that the AO-177 has been accepted by the fleet for normal service.

! Naval architect, David W_Taylor Naval Ship Research and De- Presented at the Annual Meeting, New York. N. Y. November
velopment Center, Bethesda, Maryland. 17-20, 1982, of THE SOCIETY OF NAVAL ARCHITECTS AND MARINE
2 Naval architect, Naval Sea Systems Command, Washington, DC. ENGINEERS
' General engineer and mec{lanical engineer, respectively, Naval The views expressed herein are the opinions of the authors and not
Sea Systems Command, Washington, DC. necessarily those of DOD or the Department of the Navy
1




Introduction

INRECENT YR ARS. there has been a rash ot propeller-induced
vibration and noase problems that hase plagued certan ty pes
of commercial ships cusually of wngle-serew designy This has
been the result of the increase of power per shatt restrictive
demands on stern geometry and propeller and shafting place-
ments. tetidencies toward high block Coethioenis and large
heam-to-draft ratios, and trends toward vngieserew designs
for fuel economy  These problems noonadly manifest them-
selves i the form of unaceeptable hult girder ibration i the
stern region near the propeller nd at the upper levels of
dechhouses structural damage trom tatene and considerable
crew nusance often resaltion? o nposed speed humitations
Although the US Nasy has had o mominad notsber of such
acenrrences with it single sores anahary dops there wasan
eaception in the case of the recenthy completed AO-177 the firs
ship ot a new clas of Naval Vvl Olers Dunng busder s
trals. the USS Cimdrron cAO 1770 was reported to have un-
acceptably gh level o airborne nosee and localized vibration
Close mspection revealed carly stage ancubation zones pro-
peeller erosion damage and bent troling edges near the tips of
all seven blades of the propeller Based on these tull-scale
tindings, the Navy immediatels embarked on a corrective
program to identifs the root cause of the difficulties, develop
& satable solunon, and verity that the resulting modification
did indeed cure the problemc i the process of satisfy ing these
obtectives, the Naval Sea Svatems Command (NAVSEAD to-
wether with the David W Tavior Naval Shup Research and
Development Center (DTNSRDO emplos ed the services of
the Swedish Marntime Research Centre :SSPA L Hyvdronaaties,
tne HNT: Det norske Ventas Dnd s and several independent
expertsan the hehd of ship bodrady nanues anadvas - Thas paper
documents the problems the evpeaences the solutions pro-
posed the modelexpennnents ondaonals e predictums car
ned out fer a number o altertative proposed solations cal
mnating 10 the final chowe ob aowake mproviog b desagn and
ite validation with a full scale toad

Since 1992 when Barer TV designed the hirst wake uwdh
fung and anti-air-drawing tinfor uve i cnnmg severe tantald
vibrations of the Great Labes ore carner Carl D Bradicu
varations of this type ot e appendage have been em
ploved  wsually siccestulh
the propeller regron of many hinds o angle-serew ships Mod
of the Ai)ph(‘.nlnlh of sucha tin base bee on fall bl L \lnp\
such as tankers roll-on roll oft RO RO dupe contamnenshings
ligguefied natural gas - TNC vesels and other bolk and product
carerers 2030 Tnomost astanees the ettect of the binas o divent
tow inte the propelier disk regon i op slos mes g or
separating bonndary laver Hows i the atterbody region,
veneralhy reducing the Janze wabe peak b the top of the disk
and thereby reducing the Lirge How anygle excarsons at the
outer radit of the propeller blades These changes apparently
reduce the vibration excitition levels by reducing the Hactu
ating pressures induced on the hall - and reatung tuctuating
hull surface forcest that anse from mtermittent propeller blade
cavitation, rather than by aenificantly redueing the beanng
force exeitation levels

to help improve the How into

A will be shown in the case of the AQLTTT there were pos-
stble improvements of the hull swrface exeitation to be achieved
with alternative propeller desizns as well as with the wake
modification  Part of the objectine of the investigation de-
senibed here was todentity a corrective measure that was ef -
fective enaagh to do the b vet ample enongh to be deployved
and verified quickh

CNnmbersan brackets desienate Beferences at end of paper

The ship and propeller

Main particulars

The AO-177 1USS Cimarron) is the first of a new class of
singhs serew Naval Auniliany Qilers designed by the US Nawvy
and built at Avondale Shipyards, Inc in New Orleans. Louisi-
ana  Its pnncipal particulars are given in Table 1

From the bods plan lines and profile outlines given in Fig
I 1t cun be seen that the ship hull has a prominent elliptical
bulbous how | rather narrow V-section shapes toward the after
end. a clearwater stern, and generous propeller clearances both
vertically and forward to the hull surface The propeller
Clearances defined in the figure are

a; D =02915
a, D =05503 (at 0 8R)

dyy D = 0519wt tip)
by D =0192 (at tip)

Sotne care was taken during the design stages to produce a

hull dessign with good resistance characteristics, and offort
succeeded to a great extent because the AQ-177 tas s able
power-to-weight ratio compared with similar ship at the
same speed  Purposeful shimming of the hull hines at nitely
contributed to the good resistance properties of th I
Yet, these narrow aft section shapes have been dete ed to
be largehy responsible for the poor wake (rather dee ke
main wake shadow 1t must be noted that desigr 1!
shape tor the AO-177 was determined at a time whe - £

much more fragmentary  understanding of the | . ntial
problems that conld atse from intermttent propeller cavitation,
and ot of the concern then was focused on full block hull
shapes

Frgnre 2 vhows aosnphiied inboard protile of the after end
ot the hap

Propeller details and design

The mar propeller particulars are presented in Table 2
This propeller was designed to meet the conditions outlined
Table 3 The desian proces is discnssed in detail in reference

£ and s esentudly the same as the process described in ref-
eremce

U pon making the requined tradeoffs to meet the conditions
specified i Table 30t turned out that the geometry of the
propeller was controlled fargels by the requirement that the
I zitudinal and toraonal vibration i the main propulsion
sustert be befow that specihied in MIL-STD 167 [6] and that hull
vibration levels meet the requiremernits of MIL-STD 14727
These specttiations reanlted i requirements which were more
restrictive than thow imposed iy other design specitications
and. theretore. controlled the selection of the number of blades.
propeller diameter, magnitude and radial distribution of skew .
and radial distribution of chord length

Based ona preliminary longitudinal and torsional vibration
response analvsis of the main propulsion svstem that was
available at the time of the propeller design (1975), which in-
cluded onh a rough estimate of the stiffness of the thrust
bearing. it was concluded that a six-bladed propeller should not
be used because blade frequency for a six-bladed propeller
would coincide with a predicted longitudinal resonance at the
full power point. that is. at approximately 100 X 6,60 = 10 Hz
The vibration analysis of the main propulsion system also in-
dicated that the blade frequency thrust at full power must be
less than 13 3 kN (3000 Ib). that is. less than 1 percent of the
time-average thrust, for either a five- or seven-bladed propeller
For this propulsion system the upper limit on blade frequency

Causes and Corrections tor Propelier-E xcited Arporne Noise
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Tabie 1

Conpth overall oo

Length on waterhne. [owg

Fengrh betwern perpemin ulars ’
Beam 6

Depth temadi deck.
Dratt desigi foll load apeas
e trad omeans 1

Prraes baliast tmean, f

Prime design Toli Bad cdosn by ~termn
Frim teiab 1ol foad tdow by bows
i, ballast cdown by sterm
Iosplaement desen toncboad . W
Vrcpdacement trigd ol ioad . AesWo
Displacenient. badlast 3sWo

Flock coetticent ey 0
Drispiacement lenpth raties 3 ooty
Foil poseer design

e~ ~hip specd venturanoe e eds
Moanimum speed vali powers

1

hinst was sch mere testnetive than the upper hamt on blade
brovgonos torpne that s any propeller tor the AO-177 that has
Blade trequency thrast below the atlowable it will anto-
Dt aily have blade frequency torgue below the sllowable
The blade
treqnenoy side torces and bending moments do ot enter the

foot hasea onanafable Catenfation procedares

Ciatant requirestents of the mam propulbson ssterenplic
e heweve s the transyverse torees condd b Lorge amphtinde

Fig. 1
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Body plan and bow and stern protiles

Main ship particui~"’
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could be excessive with four blades was based on design stage
calcufations of hull vibration responses with excitation etmpir-
wally derived from companson of calculated and measured
amphtudes of this ty pe of vibration onamilar US Navy shaps,
on previous expenence with this t pe of vibration on sinular
U S Navy ships wath four-bladed propellers and on the phe-
nomenon that this vibraton response tends tonmcrease as ex-
aitation frequency decreases At the tiune of the propeller de-
agn, o was concluded that simidar probleais were possabile but
{ess probabile. with a tive-bladed propeller This alone was not
iustthication tor ummeditel rewecting a tive bladed propetler,

but the probabilits of hull girder vibration would be consdered
it any possible design tradeoffs for selecting the number of
‘)‘Jd(‘.\

Requirements of MIUL-STI 167 are that for all operating
conditions the peak periodic thrust amphtude at the thrust
bearing be less than the lesser of

I the time-average thrust at the local operating pant. or
2 one-balf the time-average thrust at full-power steuds

J'l!‘dll

The tollowmg empincal maltiphicative factors derned from

Nomenclature
4 = ongrardend area ol peopeller Poae = orake b progueeller Blade e Apsr = twice Blade frequency aniph
7V hadr ot tude of bull varfsoe pres
V= sk area ol propelier TR I advance coetfioent sure
Ve = protected area of propelles -Vl 2 = displacement volume
ay = propeller Clearance honzonta! H Pressre aanpitidar et we nn = propubsse efficency P Py
distane between tilade [ ny = hull efficiencs
relerence Dine and hall st 1= leneth 1=t T-uy:
IRY ] T pa = denethvnrrall nr = relative rotatsve efficienoy
dyy = propeller horizontal Cearanee Iy = deneth betwecn petpendicn Hy = <hew angle in projected plane
forward to hell at np bars of propeller measured from
d: = vertical tip clearance between Fwr orl o= tenath o watethine 4 rachal hne through mid
prapeller and hull o= propelies evolutons per e chiard of section at b o
= heam of shap L radig} hine through md
= propeller honzontal dearance Cip = prepeedlen s ton ptch chord of wction at fical ra
aft e rudder ot by Fo e foeted peew et ot pronedies dine pesitive n counter
= hlock coefficent ! ' ,‘.‘ v LA Chxchwise directiom looking
= thraat foadung coetfroent A - Hpalregin
Py = rHective powes
= propeller blade wctin chora H, = wahe posttion angle about
length BT et mean spuare 1o sontd propelier axs e propetles
= propeller drameter pressare bvelanspreshied plane. medsured  counter
= depth of hull Keel v bandwudth Chckwine  from  apward
dech Bo= adias o propeller vertical ooking tarward
= decibel sound presare level v = adial distunce trom propetier ~
noctave band ans A = linear scale ratio
20logep 20uby ro 7 rwdiis o propeller b p = mass densits of water
= amphitide ot blade frequenc [EERINTN] @ = cavitaton unber 41 <haft
harmonic of avial bearime T = it ean centerlne hased on speed
force thrust: = throst dedoction fraction of advance 2glf V3
= amphtude of bladr frequencs rag = tuchness of propelles hlade & = phase angle
harmonse  of  transverse wehon ¢ = position angle about propelier
hortzontal bearing force § o= shap speed avis, measnred chckw e
= amplitude of Blade Freguena Vo= speed of wdvanee Vol -y from upward verticat ook
harmome of verticalbearne \y re Vo= adial velocity component g forward -4,
farce sty propeiler plane Abbreviations
= amphtide  f Blade Qrm]:u-w \ Voo,V = Lngental velocty componient BBEN Bl Beranek and Newiman
harmont of avad kil s ration it propellec pline n
Face bure Vit VT vl velodity component ratie DI Davidson Laboraton
= amphitinde o8 Blade frequencs 1 propeller plane DoV Det norshe Ventas

harmomc - of - tanene Vo b amphtade ot it harmaonie of DTNSRIN Dasid W Tavlor Naval Shps
hoozontal bl srtace aval vl component Research and Development
foree ratio v propelier plane Center

= amphtude of blade freguence TNVt Vo fd HI  Hydromechanmies T
harmonic of vertical hall t, = anele amphitade shration HNE Hydronanties, bne
surl e foree selcity e 1SO  International Standards Orgam

= Froude number = Vashr wake lraction zation

= camber of propeller blade tg = meadinensenal - radis ol MIT  Massachusetts Institute of Tech
w ton propefler blade  <wection nology

= aveeleration due to granviny + R NAVSEA  Naval Sea Svstems Comemand

= hewd distance from propelles Z = number of propeller blades SSPA Statens Skeppsprovunganstalt
centerhne to water surlace A = diplacement mass Swedish Martime Research
plus atmosphenc pressore Az = Blade frevquency amphtude of Centre)
MDY vapor pressire hull surface pressure VAl Vorus and Assaciates, Inc

Causes and Cortections tor Propelier-Excited Arrborne Noise




tull-scafe measutements on U S Ny shage are apphed to the

values that are caleulated by nunietical procedires based on
propeller unsteads Titting wurtace theory s gncfuding the i
Huences of propeler geonetoy propeller operating conditions,
model nominal wake patterns and calculated amplitication i
the shatting

1A tactor of 3 b amphtude onsdnbation of the pernods
thiast Eooo wheren - /2 27 3/ v This modolation may
pesult from a combirnation of b s e taebie nee i the wake
periadic time vanation of the wdos for steads ship condimons
petiodic sariatioe ot the wake dae e ser waves and ship o
tions Jll\‘ ‘lH.l” t'IIJIIL[l‘\ [H] rli\ltlt'l A::\;'u Lo course corr han
1 assumed that tor eachon the caleniated ainplitude e
mugrmum sinphtude of the modnbared sl

o v statien o Chuange mthe wake pattern due to free surface
Swavemakina ctects 1 asumed that the caleulated am
phtade correspords ta o T betore thas 1incresse

VoA factor of s tor mcrease i F, o in hard ol rudder)
tarns relative to the By for the steady abiead condition at am
sl The difterences between Fypm hard tarns and (F, 0y,
for steadh abhead operation results brom the ditterent wahe
patteros shl[' \pm-d\ p:u,n'”:'r rotutional \pw'd\ anl eatent
of vasitation tor these conditions The manner aowbich these
vattons quantitics Chatgge from steads ahead 1o hard tarns

2 A tactor of Stotucreas i Fy oo Tt speeds from 90t
Lo percent of dnlh speed swhich nas bedue o the mtlaence
Ay desornded o toper e coed st s e v ke
aud GO P Antomdes enttled By ent Developaaenton b ongitadingd 4 RADAR
Sobaations of Surtace Ship Progamiact Sy stens Sept 970 AM 06 LEVEL
05 LEVEL
CROSS HATCHED SPACES INDICATE AREAS et i
OF EXCESSIVE (ABOVE CRITERIA) 04 LEVEL
PROPELLER ASSOCIATED AIRBORNE NOISE i L
e 03 LEVEL
T T
l P H‘U"l.'l I
T ﬂ e 02 LEVEL
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Fig. 2 inboard protie Of steen
Table 2 AQ-177 propelier characleristics
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Table 3 Propelier des'gn condl

Dresign paint tull power at tull foad desplacement
Diameter 64t0 " 3ma2l a2
RES 166 at the design point
Fnduranee 20 knots at 80 percent power
Cavitation eniteria - 10 poereent \p«-\‘ manitn on the D eption of back
buhble at the despn porne - Other torms o
casitation to be minimised Wothe extent prac
th able
Blade shew U se the et poactnable anondes 1050 Tuce vabiatao,
vrcilation fotoes imparted G0 the prepalse o machimens
and hudbin oc e tomeet NI ST e and ML ST
P17 Uhosduw e the tericwang: Bnats o blade tre
ety bear g tor e

Fooo T AR o0 e

b S RN o Ty

N N I S SR T T TN |

especrally the wake patterns and cavitation man be swennatine
tothe type of hull form tor exanple somas be ditterent tocan
avviliany and asurbace combuatant

With these thiee multpheative tacton the maamam an
phtnde of the penodic thiustat the theost bearing s estiniated
to be 27 tines the periedie thist amphinde cadeulated at the
throst beatimye using propeller ansteads it sarbace theor
and hatting tesponse tormalations Lor <haty amphitnation

Fhese bactors are mntended o be satbioenthy conservative t
ctente that the requirements of MELSTD I6T G met tor all
opetating comditione b bt e v dons over the
fives of the ~hips ot the class et ot o conservative that they
nnnecesantdy contral the desian ol the propeller o propulsion
atermn Measttemsents oo the YO 77 god A0 TS NITQUEN| that
these Lactors ae teaser sde b thas appin ation. however s
ittt debiee precsely the cadiadiad b tors due toovan
weons with operabing ondmions tine and between ditterent
~l|||)~ ot the chis and becanse the measurements are nade on
the shiatCsome distance feons the paopetler The distance be
tween the pomt of measarement oo the shattand the propeetles
mahes it veny ditbeult toseparade wmphtcations o the pio
palion sestem frominerease a oropeler perodie thiast Thas
espectally cntical between 90 percent of ball speed and tall
speeshon the VO TT Clins becanse of the probabnhits of lon
witudhiad shatt resenance . approvimatedy fo T above tall
Poser

Ferhaps the et cotecivative part o the anads s es 1o the
assutnptiers that the threc tactor of S aee muldtbphcative to gave

) -

awest case Lactor of Phore i besome nondinear etfecis

between the three e sothat the naamm bactor is less

o 27 A stated previens o o the Grteone s oo

thiast veversel of ne o o e v Theost reversal of
the AOVETT heanma did not occar aneder any tecd conditions
hoseever the theast wae not measnred ot the bearme The
axttnm ;u'nmh. thisnst at the l-r'.nlnu hased ot measite
wents on the maan propubsion shattinng and cdonlated amph
tication of the propobsion sestem between the meastred pomt
and the beartig o 23 percent of the e averape thrast at
tll poser steady ahead operation Plis represents an esty
trated factor of ety of foe

Fhese wmphtication Lactors resolt o the veqmirement that
the calenlated blade frequency theast amphtnde at the propeller
must be less than | percent of the tine average thiost, which
wasevere tegquirement IO common commeronal ship prac
tree to allow blade trequency thosst to be S percent of the
time average thiast and wsome cases as high as 12 pereent

R Porsate commamoations waithotath of Do\

Lhe mare testictive apper ot on the AO 77 C L s dae
i part tothe tegquurement that it e able tresecute tull tudder
turis at any speed and to the highier neovumuom speed than s
tpical of commercal shap practice

Conderation ol prowenng oy ibaleny cleatances  and
strength dictated the tollow g

Thatete: D o 17
Fapanded wrea o v, 0 077

heretore calcalations of the siv components ot beanny e
and moments were made T A, G- 07T B diamieters st
chicated for five and seven blades and aorange of shew dis
tribtione Phose caleulations were mede using the ansteadsy
It surbace procedure of Fakonas et al 8 whisch does ot
cotstder the influcnice of Caovitation Fhese calculation were
based oncthe pertinent harmones of the model nennnad wake
at tull power steady aicad operation o acaling sea without
corrections for the inthience of Revnoids nobwer the ettect
of tha |m>|n'“t'l on the wake cttectine wake o |~|\\|M(' Lo
potal vatations i the wake  The lnmtations o etmmg the
Lok of constderation of cavitation and the nse of e eraee
nounal model wake are fully appreciated boweser sabd dod
pnn'nluuw for quantstativels Calordatune the imthiences of these
eftects were not and e not nvadable Nevertheiess as
mentioned previoush the intinences of these effectowas con
adered crpun Al caleulana the allowabic oot 1
AN CS000 Th e fer the Blade tregquenoy thuast andd S SR\ 2o
l" h‘l "'.lll" 'll"[”("l\ voavelln .|I .IHli RISy ‘“l”lf"“‘.ll 'K\l\'l
compotients

Ihese catentlations indicated that o crder teoeseet concon
renthy the follow e tw e requnc ments

I produce blade frevuencs thoost that s cessben 1SRN

kb and

have a blade plantori swobonerher aagniti anthy con

cave ttwlim edee nor g ponted teadinig edee near 1w

tip
1 necessaty o have asoven bladed propellen waithon
dometer 200 nondiear distatmcon ot hew woth ApPpPren
mately 1 <|r\, “hew et the by RTITE TR ERRN T AN PR P FARTIE N
the onter tadie Concan wnad pomted traimy edee plant s
were tdied to be andesosble trone conadetationes of st nul‘ll
and damave sisceptibilty especialls g astern retation
The diameter had a bt ordes it luence on these caleatation.
Becanse the avial compononts of the titth and seventh hae
s than oot

s rieine s datndintiens

monies of the wake have oo ersal o aen o tadn

o 2t s wil e seer m the wake
Inender toreduce te blade freguens v Uit e thaa 13
AN ek wath bive Blades soonlod necessite bt tally
Larger mavimon shew anee tharowathoseven W ey due ot
combrnation of bneer woncdeneth aed aeer onphitide -t rhe

tth hreoe o b the swakee than ol the woventho b o, e ot the

wahe  Thecomdanaton ot e her skesw and wader hords ton
b Bhaded prepe e secabd resalt i bioe o e wae!
ateecceptabhc pomted ot edve e the s Thereton
Fove Dladed propeton s mnae coptahic Phe tonad ke -
tnbation was carenlls solocted tooobn o che 0 v eibe s

Canvellation ot pencdie propeBor Teadie e oo e e e
vadivs socthat the spectsed bearom one o snoswe e

These caloubated alnes fogethe cwatt Cadnes o adate 4o
198 by Det norshe Ve 0 oy e e teady By gt
provedure baasd i vontes Tt appeoc oscthnn ooyt
hut soith arn approsinate conrection b e e b woabe s !
on the method of Fiane and Coove 10 Lo bowdc b reving
tion are enentn Fable 8 The vadies cdoalated by e niasha
Nenlas are greater than the Nt ied Yt

The et imacouraces i these |le‘|h: tiots e pudaged 1 be
207 AN OO0 o 200 pereent of te Tt on Bilade Trespaency
thrast and 300 percent o the it o Blade fregnencs
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Table & Bearing torce components for AO-177 propelier

Taakonas Det nurske
et al (], Veritas {9]:
speatied Model Exstimated Model
Upper Noninal Eflective
Famirt Wake Wake
RN db kN ih kN 1h
Foa i RTTU tin 2080 L 4200
o =y NELY +40 IELY] 254 AT
Y LY KL T TRt B 254 3TN

transyene loree components, based on the cumulative effects
ot macenracies and onussions in the analytical computational
methods. and errors due to wake measurements and scaling
ettects These inaceuracies are in part, compensated for by
the empirieal tactors mcorporated in the specified limits,
especially the tartor of 3 for the estimated mcrease in (Fy ), T
betwern 90 percent and 100 pereent of full speed. and the
tactor of 3 for the amphitude modulation, as discussed previ-
oy Althongh these caleulated results are estimated to be
iaccurate relative to the small penodic propelier shaft exci-
tatien forces being calerdated onthe lighly skewed propellers,
1t s believed that these calenlated results give a realistic indi-
catton of the influence of propetice design parameters on the
penocdic propedler shattexeitation forces  Further, the methods
wsed 1 the propeller design for the AO-177 Class represent the
then-carrent state of the art tor calcalating these forces
Direct measurements of the propedler shaft excitation forees
were not made on the AO- 177 Class, however, as discussed
previomhy measirements of the penadic longitudinal response
were iade o the shatting at same distance froms the propeller
Frony these longntadinal shalt responae measurements and a
muathematic ad model of the siatting ssstem, the blade rate
propeller thrust s calenlated to be etseen @ and 26 7 kN W0
and 6000 b that s 0 € Fop T < 002 Thas agrees rea-
winahly well with the values predicted inthe propelfer design
process The blade rate throst Cannot be determimed more
accurately from thewe full-wale measurements due to measured
variations with operating conditions, time, and between dif-
Ferent ships of the class, and iaccusacies in caleulating am-
phitications i the propulaon sestem including possible reso-
R
It was reahized that propelleranduced hull forces due to
transtent cavitation conld produce bull sibration and airborne
o However norehable procedure for quantify ing these
cliects euded Had sich g procedure existed, it would have
beereapplicd and it s e o balance would have been struck
Betwern machimers stbration and hull nose and vibration
prttormience fncthe absence ot such knos ledge and proce-
ditec the tachmeny sibration cntena tor which design pro-
cedutes did st drove the design The blade tips were un-
faaekexd re-lateve 1o the D erbs ophimug cntenion i some attempt
te redinee the penodic bl forces however the effectivenes
o thas naloadvss wanddear fora progreties opeeatog mra sesere
wakeand wath transient cavitation as s the case for the AO-177
Poarther an was pidied that the Blade shew would deamaticaliy
cocki e parepre et s ed ol borees relatin e to those induced
b the corresponding propeller witheat shew 111213 Some
R UL ab crtena evsted for |u<|gmg the llle')l’knu’ of
prcgmte e eronon and propeller induced hall vibraton, how -
ceet these are not applicable to the present deagn since ats
weottictey s ontsade the range of the daty hase on which thesw
i cmpnncal methods are based  In particular this deaign
s narrow blades near the tp seven blades. and high skew
whichare not conadered i the e empinical crtena

Fig. 3 Seven-bladed skewed propelier on the AO-177{note installation
of wake-improving fin)

The tinal prtch and camber were determined by the lift
ing-surface procedure of Cheng | 145 with thickness corrections
by the method of Kerwin and Leopold 15 Table 2 gives the
pertinent detals of the final configuration Figure 3 shows
photegraphs of the propeller indalled on the ship

The problems

During builder's sea tnais, the A0 177 exhabated several
unsatisfactons symptoms at and near foll-pow er operation

o High inboard airborne nowse fevels i many spaces in the
stern regron of the ship.and up into some deckhouse spaces as
well

o Incubation zone erosion damage to the propeller (bur-
nishing and dimphing) and bent trailing edge

s Heawy locahized vibrations, particularhy in the areas di-
rectly over the propeller

Airborne noise

Extensine aithorne nose measurements made during the
tanbder s trialy indicated some high levels that exceeded criteria

Causes and Cortec hons tor Propener Fxcited Arborne Notse
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e command and control R
comnand and control, and administrative spaces W
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Shops, service spaces, passages and topside stations 105
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accon the diphunlding specitication Facessive noise levels
i bethung Jonnge, recreation, mess, and shop spaces aft of
Shwere slentthed consistenthy as being caused by the
prigederenstatemn ol 23 compartments were reported
Conne ans et ton noise levels asociated wath the propeller
Focati o~ o dhie tonblesome spaces within the ship are indi
et hothe Cross hatched areas i the aftend inboard profile
o g 20 The nose Tevel enteria for Ny ships depend on the
comprtment isage The allowable sound levels applicable
tothe VO ETT are given i Fable 5

Ao astration of the charaeter of the problem., Fig 4 shows
cotane bund wound pressure les el mewsared during the initial
AO 17T balders triabs in four representative compartments
Crew Bertbung and Dressing Nos £5, and 6.and the Gym Al
o paces buave the same nose eriteria These data were

casnred e the approach deseribed i Appendin 1 Ay
deticatedin b 4 low Frequreney noise Jevels i abt compart
metds wee ot 1 dB abiove the eriters and high-frequency
fevels tanzed from 3 dB ahove to 6 dB below the criteria
Sl condinone were tound for most of the spaces identified
s twase problems, cach with respect to the pertinent

bl o the space Another space near the top of the

Lo rhoue b evpenienced marginally unsatisfactory pro-
o tien e ted nores but only at the lowest octave band. and
Sywas e cncble as afow rombling sound

Vb ien amphtudes representative of the hall girder re-
spotse wete measired at several Jocations on main structural
crrders on the ship centerlme i the steering gear compartment,
conne oot and at the top of the stack of deckhouses These
were ad bod o he of satinbactony magnitude according to

A e and abeosere idiged to be aceeptable from the
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Fig. 4 Example excessive airborne noise levels measured during
builder’s trials
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Table S Criterla noise levels—permisaibie airborne sound pressure levels (in dB relative 1o 20 uPa)
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Speedh imterterence levels iSTL T the octave bands where SHL values appl the mosc feva s iy oveeed the SH v o g ot the
Sree S vcteoe bands prosided the asthmetic average of the levels i the SHoctave bands donot exceed the prectoed =1 4abae

pot of view of recent 15O recommendations 16 Henee
although there was clearfs excessnve propeller-exctatior with
this ship, it was mamtested principally as unsatistacton ai
borne nowse levels and not s unacceptable hult girder Gbra
tion

Propeller damage

A week after the buttder Ctrads the prapeller was venalls
inspected by ballasting the ship down by bow to evgse the
upper third of the propefler A blade by Blade check reveded
that damage had occurred on the suction back s ade of ki
blades with mest of the distress certered between the 05K and
0 4R radu
patch of il stage cavtation erosion along the tealing edse
of cach blade about 203 con S o masmian wadthe and o
rolled portion of the trathng edae shent brom the sucton ade
toward the pressure side ahont 30 ¢ 11t Jong witha lip on
the pressure side of mavimum hewght 3o 6w Lo o
A smaller lighthy dunpled patch was centered vean cach blade
tip along the trailing edpe e Fig 50 Nodistres was tound
on the pressure side

The damage conasted of a roueghly senncironlar

Propelter cavitation

Propelier viewing and photographs were peroormed on the
AO-177 msing o periscope projecting theough the hull which
provided a ceasonably wide hield of view  Photographs of the
propeller were taken for a range of blade angular postions
during daylight hours using ambeent hight = Onh a deseription
of the visual observations is presented here tor the tull load
full-power condition  Photographs and sketches of the cavi-
tation are presented later

T More detaibs e plrwnlml i report oi estoeted distnlatier, b
J Kelles and & D Jesup enntled  Bewlicof Propelice Vb ton

Cavitation Tnvestication on USS Congrrone AV ETT Diunme Aeoope
tance Toals  May 19y
LIGHT
CAVITATION
tROSION"

ROLLED £DGE

HEAVIER
CAVITATION
EROSION*

REFERENCE LINE

*EROSION INCUBATION ZONES

Fig. 5 Sketch of cavitation damage atter buiider s triats

Causes and Corrections for Propeller-Fxcited Auborne Nowse:




Clouds of cavitation were observed on the suction side of the
blades trom the O TR to the tip - Violent clouds of cavitation
tormed as cach blade tip passed through the top position of
rotation Fach cloud lormation was then shed downstieam
along the starboard side of the rudder  Such formation of
suction side cloud casitation s generally associated with vig-
orous canity collapse Tothis case, cavitation erosion damage
would be expected to oceur at the suction side traihing edge near
the blade tip as discossed by san Manen 17 and Lindgren and
Barne 18 A sharp banging sound ocenrred at blade passing
trequency and s believed to correspond to the viofent collapse
ot the cavitation

Investigations and design modification

sScope

The pursuit of 4 successtul design moditication tor the AO-
177 was gnided primanly by the results of madel experiments
These were aimed ot several specific objectives

o Ve the cause of the problems

o Formulate and develop possible solutions and obtain
evaluabions of them

. l)('h'r"\”l( ”I\' maost l'\p('(“('“( L'(‘rr('('n(t“ .\('h(’"u‘, \l“d
evplore the consequence of its implementation

At the outset the most probable source of the problems was
thought wo be by diody nanae excitation caused by intermittent
cavitation ot the propeller blades passing through severe ve-
locity excursions assoctated with the mam wake shadow — That
roarhorne none s wenerated by structurebarne localized -
hrations cansed by Huctnating hull surface pressure excitation
arising trom the penodically cotlupsing blade sheet cavities
Propeller blade eroacn and bent tratfing edges are common
ssmptoms of doud cavitation that ocenr when blade heet
cavities collapse with suthcient violence and proaimits to the
blade surlace 17 149

The mechanan producing farge pressure pulse excitation
and attendant propeller damage involves 4 complicated in-
teraction of the cavitating, flow over propeller blades with
rapudy changing veloctties associated with wake patterns
having severe nonundormits Some of the important detaik
of this interaction are desertbed, for example, by Huse 1204, and
n many subsequent studies . Duning, the past decade. there has
been a tremendons growth of literature centered on surface
pressure eactation and resulting ship vibration and noise
problemns  References 21 and 222, for instance, are repre-
sentative of collections of published ettorts devoted to these
topies s veneralts know nthat steep and narrow maen hul
wake charactenstios can give rise to eveitation problems 123,
24 und that detads of propeller blade planform and section
geometry can abe markedly intluence the exeitation levels
Fhe ditbicult question to atswer is whether some particular
wake topether with g unen propelier configuration will canse
problems at 2 wnven speed For the evaluation of the AO-177
this question was addressed experimentally — As will be shown,
there s a strong case for attnbuting the problems of the AO-177
to the eftects of unsteady grosmth and collapse of sheet cavita-
tion

Possible solntions involve changing the wake velocity dis-
tribution. aftening the propelter design. or both - The several
means of modifving the wake distribution melude bulboud
stern desizes 2025 to help ereate more ronnded wake contouss
Ao reduce spike like teaturest and praduce a more uniform
arenmferential velocity variation. flow amproving fins )1, 2,
2629 to ginde more How 1o the upper propeller disk region
by increasing local avtal How speed. upstream propeller ducts
129,30 to hedp induce a more stable and uniform through-flow
to the propeller, and vanous ts pes of wake spoilers or flow de-

flectors 3152 tnduce How changes selectively just forward
ol the propeller lcation A bulbous stern was not pursued as
aconectne measare sinee the structural changes to the shap
wotld bave beens much too radical and expensive  Flow de-
tlectors such as those noted by Rutherford [25; were not pur-
sued

I was deaded o mvesugate flow amproving fins, an up-
strears dudt and propeller design changes as the options for
reducing the exatation leveds on the A0)-177

Two basie fin deagns were selected for model evaluation o
tunnel tpe confysaration modeled after o hn deseribed by
Ruthertord 25 that was successful ws helping to relieve ex-
cessine sibrattons on g arecderate-block -coefficient ref ngerated
im“n'l Cal o \’lll) .IINI atlow .uu'll'lullllg ('nnhﬂul.\hnn Sug-
gested by SSPA 1 e drasaings of these i designs are shown
i Fes vand T Asde trom the differences i shape and sze
the tuninet type bnotcatires a ip clearanee rativof a, D =012
white the How aceeleratiie hinhasa. D =010 The detaded
design ol the vinnel fin design tor the AO- 177 application was
carried out b Hvdionautios, hi

Fapernments were conducted at both DENSRDC and SSPA
with seale models of the AO- 177 hall of identical size  This
made 1t possible to use the same model propeller -DTNSRDC
Model 4677 o tests imvalving How visuahization, pressure pulse
amphtudes and powenng. Table 6 summarizes the hasae di
meistons and cotditions of the modets

Model flow visualization and wake studies
Model fl fizati nd wake studi

T order to gamn prelmmany understandimg of the etfect of
a binon the it of wake How near and approaching the
propeller apetture How visaalization experiments were per
tortaed i the Ciealating Woader Channel at DTNSRDC with
the propelled AO- 177 model st the appropnate sealed propedles
tpin and at the Froudesoaded speed correspondimg to 20 knots
full wale 35 Both tall Joad and budlast caombitions were
snnlated Yarn tutts were attached trom Staton 17 aft. and
to the cudder

From absenvaions of anstabde or resersing taft patterns i
was possibde to detedt regions of very slow or .\('p.lrallc(l flows
In the case of the AQ177 wath no fin, and with the aschuil
propeller desin the How alang a narrow strip near the cen-
terline of the upper aperinre was found to show some variable
ar near-separated How behavior i both the load and ballast
conditions 1t was also found that the tannel-fin produced a
noticeablv fess varable flow bebavior o the viommts of the
propeller plase. compared with the flow wath no tin The
ketch ob Fig S show s the saperposed tatt patterns tiken from
photographe ob the part ade att of the moded o the channel,
ndicating the falb Hows both withont and with the tunnel-fin
From this cotnpaninan the discernnble effect of the mstalled fin
seetned to be concentiated near the partal tunoel underade
where several tufts sod strcambines were detlected shightly
downaward from therr orpanal onentation This corresponds
to more of the Battock ahened How being directed inte the
prnlk'”rr Jisk Fegion

Wake survevs were conducted at DTNSRDC wath the AO-
177 model operated wath and without the fin configurations,
i both the tull Toad and ballast conditions 347 These exper
iments were performed with a wake rake consiting of bive
3-hobe sphencally beaded pitot tubes rotated < sematically
aronnd the complete propeller disk For the tull-load dis-
placement condition, the measared cireumterential dastribu-
tions of the theee velocity component satios of the nominal wake
atvadhucrations B =02339 0556, 07751017 and 1 178 are
shown i B O throngh 13 1espectively The cases included
are the AO 177 holl wath no fin, with the tunnel-tin, and with
the flow acerleranng Bin - Thewe plots are artanged to show the
effect of the main wake shadow i the center of each graph - It
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Fig. 8 Model tuft patterns with and without tunnel-fin

Table 6 Model hull and propaller geometry of AO-177 (scale
ratio A =25.682)

Hull
length Lyp=6527T m(21.421t)
length on waterline Lwi, = 6.653 m (21.83 1t)
heam B =1.044m (343 11)
draft (mean) fulllead T, = 0.374 m (1.227 ft)
material: wood for experiments at DTNSRDC

paraffin wax for water tunnel
] experiments at SSPA
turhulence stimulation none on DTNSRDC model

1-mm trip wire at 0.05 Ly on model at
SR

SSPA
Propelier
diameter D =2492cm (9.812in.)
pitch-to-diameter ratio (P/Dg. 5 = 1.25
number of blades Z=7
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Fig. 8 Model nominal wake velocity ratios. with and without two dif-
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Flg. 14 Comparison of radial distributions of axial component of wake harmomics, with and without the two difterent tins

w noted that for cach of the two wath finvelocity patterns there
is an increase of the axial velocity component ViV (decrease
of wake peak) that occurs locally within the angular interval
0 deg to either side of the 12 o'clock position The distribu-
tions of the avial seocits components due to the two different
fin configurations seem to ditfer little in magnitude and detail
There are, however, noticeable differences in the distributions
of the tangential and radial component ratios Vi Vand Vg v
for the different fin s pes

Radial distributions of the harmonic amplitudes (3 V1,
of the longitudinal velocity component for harmonics n =1
through & are shown in Fig 14 comparing the tull load dis-
placement cases of the hull with no fin, with the tunnel-fin, and
with the How-aceclerating fin - For the lowest harmonies, n
= 1 and 2, the amphtudes are systematically reduced by the
action of cach of the two fin configurations  For the higher
harmonios, the eftects of the two fin sy tems become mixed and
apparently subject to no sumple or generalized trends 1t
known from previous investigations and estensive comparative
work (see, for example. T larides [3)) that the reductions of the

Table 7 Conditions lor origingl contiguration experiments

Number
Ship Speed Ship Scale Cavi.ation
Condition V" tknats) pm J o

Full load 26 98 3 037 47
Hallast RERY T2 ORl :

Causes and Corrections tor Pr

lowest harmonic ecders of the Vi Voaeloans tield can produoee
measurable reductions in the levels of propeller- exentation due
to intermittent blade cavitation  Both tin conhigurations ander
consideration were found to produce improvementan the fhw
to the propeller in the upper disk tegron near 12 0ceb s and
bhoth fin wakes showed reduced agnitudes i the fust twe
harmonies

Propeller-excitation model experiments

Cavitation tunnel experiments were carrted out e the
Swedish Mantime Research Centre SSPA Tunnel No- 2 wab
the DTNSRDC mede] propelles of the AO- 177 operated hebund
a complete way model of the AO 177 hull Theswe expenimients
included measurement of propeller thrust and torgne s
tematic observations of the propeller covitation patterns, checie
on cavitation erosion tendencyand measurements of the pr.
pellerainduced presure pulse amphiades at several pomtcon
the hull surface  These expenments provided a cnicial bods
of evidence that venfied that propeller blade internuttent
cavitation was the likely cause of the excitation and il stage
erosion problems of the AO 1TT and sapphed the technnel
basis for choosng a design correction for the shap trom among
the several proposed options  The resubis of all these evpen
ments are recorded in references 135 37

Original AQ-177 configuration Imtial expenments were
run with the design propeller operating behind the unaltered
AQ-177 hull at the conditions given i Table 7 Observations
of the propeller blade cavitation patterns at the simalaed
conditions of both full-load and ballast displacements imdicatesd
that extensive sheet cavitation appeared on the outer radinof

apeller-Excited Anborne Noise
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FULL LOAD

denotes
hmit ot stable.
repeating sheet cavity

denotes
limit of rapidly varying
intermittent cavitation

BALLAST

Fig. 15 Cavitation extent diagrams for unmodified AO-177 at full load and baliast con-

ditions [position angle v measured

cach blade from about 0.6R ta the tip as it passed through the
main wake field.  Figure 15 indicates the radial and circum-
ferential extent of the blade cavitation during ene revolution
tor the two displacement conditions.  Cloud cavitation pro-
dueed by the unstable breakup of the sheet cavities formed in
patches downstream and overlapping the blade trailing edges
around the 0.8R to 0.9R radii. SSPA’s standard erosion ten-
uenes test using a coating on the blade surface predicted blade
surface eroston around the 0.85R radius at the trailing edge.
The pressure pulse magnitudes at various locations around

FULL LOAD. FULL POWER

counterclockwise looking aft (downstream)|

the propeller aperture were found to be rather high as shown
in the longitudinal distributions of blade rate pressure double
amplitudes plotted in Fig 16 Two representations of the same
pressure pulse signature are displieved.  the oscilloscope-re

corded value of maximum peak-to-peak at blade rate, and the
mean of the highest 5 percent donble amplitudes at blade ate
as determined from Fourier analvsis - The positive phase angle
& here indicates the aogular deluy of the suction peak oceurring
after the blade reference line has passed the npright position

The longitudinal distriibuticn of the phase angle s nearly con-
stant, a typical attribute of the fluctuating pressure field fron:

g cavity volume variations
= For the point on the hull centerline diecth over the propeller
2 s ; tip, the variations of blade tate pressure double amplitudes with
& . . - -
- skip speed are shown in Fig 17 for both full {oad and ballast
k] conditions  The measured noncavitating pressure pulse double
N 6
< 40
g PRESSURE PULSE OVER PROPELLER TIP
= ar 19 '8 5 50 - . 5
3 MAXIMUM OSCILLOSCOPE  RECORDED VALUE | iy
o = |
<] i % LI * |~ BALLAST CONDITION |
q : ot > i .
k) | a A : 9‘:‘ @ — —@— — FULL LOAD 6
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Fig. 16 Longitudinal distribution of blade rate pressure puise double

amplitude and phase angle for unmoditied AQ-177
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SHIP SPEED KNOTS

pelier tip versus ship speed

Causes and Correchions tor Propetter b xcitet Airborme Noer

13

Fig. 17 Variation of biade rate peak-to-peak hull pressure over pro-
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anmphitudes are also presented in B 17 Thas latter compar
ot shows anorder of magnutude increase i the pressure pulses
due to blade cavitations i the high speed range This effect,
the Jdow longtudinal diminution of the pressure amplitudes
torward and aft of the propefler plane (Fig 16, and the almost
venstant longrtudinal distribition of pressure pulse phase angle
e te are typical charactensties of the exctation produced
by blade cavity solmne variations

Simple critena e avalable for judging whether the
soaled up fuctuating pressare scaphtides are excessive from
the point of view of propeller-eveited hull vibrations. Typi-
cally these presenptions are based encorrelations between hull
wirder vibration hevels that exceed the limits pecommended by
the 150 or by the pertinent authorty for the shup type involved
tnfortunately ) there are ue known efementary eriteria that
pertain speatically to airborne nose w this same fashion It
has been indicated, {or example In Wrd and Willshare (38]
that excessive aithborne nonse olten accompames the pmMcm
of wvere aft-end vibrahions, and i generallv attribatable to the
strrte unsleachy cavitating-propeiler eveitation s useful, for
a trame of reference to consder the present problem in terms
of cnteria tor bull garder vibration which deal with the fowest
end of the pressure pulse exetation spectrum The simplest
crteria are the recommended single-point. single value hmits
for bull pressure putses directhy over the propeller tip - The
(s preal imiting values of blade rate donble amphitude discussed
1 reference 1390 are in the range 20AP ) o abie = 1310 20kPa
225t 3 psid Simee the corresponding model test value for
the AO-1TT was found to be aboagt 29 kPa 435 psi), this seened
to verify the presence of an excesive excitation

The criterion developed by SSPA 27 and embodied in Fig
15 15 based on a correlation of pressure pulse amphitude and hull
vbration velocity response #, ab the fantai} centesline 1t
provides for determining limiting vaiues of presure amplitudes
that depend roughly upon the relative sze of the shup and upon

the tip clearances g, and 4, as specified in the dunensional
pressure factor
D2,
ky =200, 10D e
v ooa,
where

20AP,) = blade rate pressure pulse double amphtude
Pa!

D = propeller diameter imn
U = volume of displacement an®
4. = vertical tip clearance

g, = horizontal blade dearance measured  from
midchord at O SR radius forward to hult

This enterion was developed trom data on dips having pro-
petlers with fewer than seven blades  For the unaltered A0
177, using the mean-line s alue for the 150 limit on vibration
velocity of 6.4 mm s (252 mily 3. the allowabie Liade rate
pressure tHuctuation over the ups according to the SSPA cnte
100 15 203P 2 ) giowable = 9.7 kPa 341 pad This e smaldler than
the range of values allowed by the single- point. single-yalue
recommendations

fivany case, the propeller-excitation levels inferred from the
mode! tests of the AO-177 are excessive, and mdicate that
troublesome hull vibration nught be expected  As noted at the
outset, the problems with the AO-177 did not appear in the
form of large hull girder vibrations, either at the fantail cen-
terline, or at the top levels of the deckbouse, but rather showed
up as high-tevel, fow -frequency inboard airborie notse, trans-
mitted by focahized structureborne vibrations 1t would appear
that this indicates either 2 model scaling-correlation difficulty
with the SSPA critenion. perhaps because the AO 177 propelier
has seven blades, or that there are unusual charactenisties of the
AO- 177 structural unpedance properties for wirder vibrations
and airborne noise This may abo be refated to the excitation
trequency ranges assoctated with the seven-bladed propeller
bemng, somew hat higher than w commoaon practice for ships ot
this type

Expertments with al'ernanve stockt propellers \Mea
suretents of propeller-induced hull pressures and obsersations
of cavitation patterns were made for three stock propellerson
the AO-177 madet hull without fias in the SSPA water tunnel]
The objective of these experimients was to obtais data on the
influence of spediie propeller paranieters an the cavitation
patterns, tendenes towards erosion. and propeller-induced hull
pressures  This mtormation was necessary tor

P evalwaing the relabive potential gams to be achiesed b

redestigning the propeller and by modits ing the hall

\A;!Lu'. and
providing gardance tor a propetler redesyn i thie esent

that this option wassefected
The schedule did not pernut propeller models to be desgned
and built spestticalhy tor these experiments theretore, the nust
surtable stock propellers were selected

The evisting (dock propeller models were chosen i an at
tempt to represent the tollow iy geometries

A A five-bladed, 21-ft-diameter (6 4 e full sealet shewed
propeller with wide blades near the tip. and a faree skew gia
dient near the tip [t was speculated that a desgn with thew
general charactensties swould be the most pronusng aiterative
design for reasons described in the section on propeller rede
sign

B A four-bladed. 211t diametei (0 $me propellec, preter
ably with a skew distribution similar to that for the selected
five-bladed propeller  This would help wolate the wtluence
of number of blades

C Aseven-bladed 23-ft-duameter (7 0m propeller Thin

%]
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Fig. 19 Propeliers evaiuated in AQ-177 experiments af SSPA

cropelles was selected inan attempt to solate the wfluence of
hneter

These target geometries tor the alternative propeller were
~elected as representing the most effective candidates tor pro-
cidm mtormation for improving the erosion and arrborne nose
othe AOTT T was desired that afl the propeller models
fve vabues of other geometnie parameters which are consistent
aith the requrements of the AO-177 . especially expanded area
it average prtch. and radial distibotions of pitch Wkew
thickness and camber

Uhese requirements could be met only partiadly with existing
medel propellers. however, in most cases the geottictries were
withictenthy near the desired values for the objective of thew
evperiments  The selected propeller models are compared in
e 19 The best available four-bladed stock propeller had
noither hagh skew nor a suitable expanded area ratio, however.
iowas expenmentally evaluated i an attempt to obtain sume
wlditional information on the intluence of the number of
i:’.ul(‘\

voenments were conducted at the estimated tall-power,
© U point with each propeller, corresponding to the con-

coven an Table 8

Ihe cavitation results showed that all of the propeliers had
clotd casitation near the trailing edge except Propeller A For
Propeiler A the back sheet cavitation remamed as u clear stable
et et merged wath the tip vortey and collapsed substantially
dosnstream of the propeller The resulting collapse of the
Jicctcanvitation on thys propeller appeared to be much les v
cunt thateon the other propellers Ths ts pe of behavior should
e benehiond tor reducing both the tendency towards erosion
e penodie hull pressure amphtudes Figure 20 compares
the patterns on the model of the AO- 157 propeller with Pro-
seller

et potheaze d mecharsme which drives the sheet cavy
tatior cn Propelier A to merge with the tp vortey s discussed
1 the section on the proposed redesign propeller however. the
Crtrolhing propetler parameters are thought to be the sweep
aigle ot the leading edge near the tip, and the chord lengths
teat the tip - Propeller AL which s a madel of a controllable-
prteh prepeller has substantially wider blades near the tip than
the SO 177 propeller and Propellers Band € The leading-
sdize sweep angle near the tip on Propeller A i slightiy large
than 1tis on the AO-177 propeller. and substantially larger than
on Propellers Band €

The relative magmtudes of blade rate pressure fluctuations
measnred on the ball centerline directly over the propellers
were tound to be as givenin Table 9 The reduced pressure
puthe wmphtude with Propeller A is consistent with the observed
less violent eoflapse of the cavitation on this propeller  The

Table 8 Conditions for atternate propatter experiments

Ship Speed

Propeller U oknogss rpn .J

AU T e s T B
A L mn s i
I HEE S e .
¢ o 1oy hes T

higher presures aoth Propelles Care due predomimants te the
substantially reduced tp cearance warh this prn,w“f"

A discussend in the section onthe propesed redeszn propeller
the radial distnibution of loading - pitch and camber near the
tip may alo have aninfluence on the violence of the cavitation
collagse, and oo propeller-induced hull pressures Propeller
B and C have significanths s pitch and camber reduction near
the ip than either the AO-1T7 propeller an Propeiler A ser B
21 However, the influences o radiad dissobution of Toading
near the tp onthe vielence of the casitation callagre and pre
pellecanduced hull pressures conld non besolated fronthe
data because more than one propeller parametern was hgnged
stmultaneoush

In conchusion, these experimernts snggest that o a propedies
vedesgn is to be undertaken dearabbe oot e wad
Blades near the tip with o haehiy swept beading e oo s the
tp

Fxpermments wath wake vmprovimg appenduges e
ments were conducted at SSPA wath theee et o stere g
pendages to explore the possthility of niodibvime wnd obtacning
asuthicrenth Im}\ru\ml wahe s hat the [m-‘w”'l wenhd ot
have to be changed T addition to the Hosw aoceionatime i
andd the tunnel-ts pe fin designe desenbed earhier o et
upstream duct concept modeled atter « contuination disc i
In Takehuma 30 wasalso conadered  Sach anupstreans oo
has been shown to be helptul i the redaction of prope b
eacited vibrations for full ship forms but not necessands o
shmmer hull forms hhe the AO1TT 0 Fiape 2200 0 prohle
drawing of the duet titted on the hulb indiogting how it wae
arranged ahead of the propeller - This duct teatures nonger
stant chord lengths around sts peniphers

Observations of the blade cavitation patterns and measure
ments of induced hull pressures were carmed out fonr each of the
cases of the madified bull at the estimated full poser condinon
characterized by data given m Table 100 A thew testvwere
run with the design AO- 177 propeller

Blade cavitation patterns corresponding to opetatior wath
the two hin designs showed some Aight st i eatent boths

’

Causes and Corrections tor Prapeller Excited Airborne Nowe
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it S0ck Propelier A behind unmodified hull at simutated tull-power, full-loag conditions

vazes were Jocated within the duct for the AO- 177 experiments,
the magmitudes of pressaee exeitation fevels on the wner duct
sutface were not deternuned
The cavitation sketches collected m Fig 23 1lustrate the
changes 1 rross cavitation extent and cavitation appearanee
tor the simulated tuli-power. full-load operation of the un
moditied hall phis the three modifving appendage conhgura
ot The shght discontinmts in cavitation extent that oeears
w the blade cavitation pattern for the case of the unmoditied

Tabie 8 Efect of propeller geometry on pressure fiuctuaiions

Propetter AP ARy
AL iv

kY 0o

13 P

v ts

Fig. 22 Retrotit duct corhiguration
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Table 10 Conditions for wake-improving appendage experiments

AMoeditving

\ppendage Ship Speed

Coenhiguration A orkitaots e rpme ;
tiow aoceleratimg hin o ot :
Panes T W
bootr it duet ta oo -

rall between position anglss of 60 and 70 deg seems b o
been stoothed n the sequences recorded or each ot the ap
pended hull cses From viaal obsersations and to some exteit
trom photogtaphs st appeears that for each of the appended Bl
Coes shown the Blade sheet cavity was thinner than thiatt g
the case ot the nnmadibed AO-TT
dilterences 1 the cavity termination region near e blade
tralmg edee Inogeneral for albot the appended Balbcasesthe
catent ot loud Cavitation was redueed

There were also notice abile

Froston tendenos tests were carned out with the A0 377
muadel propeller wath the How-aceelerating tinand withy tie
act i bothocases the experiment did ot oedicate an o
deney tonard erosion

Prossure plllv' meadsurements were m.ult' Al sariens Jox abions
cothCanderside of the two b and on the Ball ot posite o,
Cocatenn Figs e For the fall power fall o

onditicns appropriate teoeach contigiration the resalting
Aistrbutions of blade tate presure amplitudes are show oo b
28 Theresdtung distnibatons of presaare puise doabie o,

and 22

"\1!' cdecshea shat b o e b the twa bin (.mn'n.h‘.i‘ :
Dhrecthy cner the tip the pressure
The tunned fin.

cottcal tp clearcnce satieou, 1= 012 produced o

follews o distnetive pattern
pralse fesels et laege o evennn crease
with o
gkt wreater pressare pove e than the unmeditiod bl
Secthe ap b dhowed mach reduced ampne de Lot tor
sttt ol the oo Her D Yo e cicratong Lo wath
w1

over fhe

Rt preeb e s st dowaer s e Yool
Speeart e of et de

Pone o ureater iy

connjuired atothe e e e
il
[N

it ot e
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At P peer b e e o pendaee the disten,
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(R aca e v peteenee Do e g a e
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vipctearare © atee s DY s the stadiest ot G the arrange
cutemdicated 0 esinied that the SSPA vibration ons
Cecniehow Loe venerad wpphoadahits o problems asaoncated
witatine-propetler exertation then the How aecelerating
crdv cheee ot the options tested that prodiices an a
cptable levelobeGation The ragad rednction ot the pres
v e anplitides forward and bt o the propellec locauon
avseenwith hoth te tested s For the AO T woanmsportant
adinta th e SSEY Cntenion whenat soapphed tosee sndance
ot oo ob g dop vibraton problems Wtk the atuabon
bt AOTT the chetce of the ow aeceleratimg Lo tor the
Htad corective measure was made on the haas of s pertor
tnee relative tathe other options Tt ottered o hikely cure for
e problons whide retaimng the onganal prepetien
Both o contigurations were tonzed toomtlaenee notoads the
Shade rae compeonent bt adse the bebier harmonic content
Pobe toctiating hull pressare chacactersties Broare 2508
avomparion of the firdt three hanimone Compenents of presaure
desble amphitode ar wverad posrsaecand the propeller aper
sure presentedan terms of the mieans of the 3 percent highest
anphitudes deternuned from Fonner analvas The data appls
teedae tall-load, bli power onditton b the two ik arrange
e nts and tor the ongmad NOETT A the pond on the hl)
divectiy abes e the propeller tip the ettect of each of the hins
s tomerease the second and third blade vate harmenw com-
ponents 23p 2y and 28p , relativeoswathothe b case This
s apparenths an solated trend, howeser, becamse for all the
other pomts considered. both forward and att of the np plane,
the eftect of the tins is 1o reduce the second and third harmome
compaonents of pressure From pectral analsses of typrcal hall
pressare prlses the reductions of the 27 and 37 harmoni
components due to the fins tend to be repeated tor all the sub

Wi

TIEN

sequent higher harnmonic components ap o frequencies at least
ashighas 1 kHz  Therefore over most of the hull surface near
the propeller the model expenmental results indicate that both
fins prodfuce Towered overall fluctuating pressare exctation
the frequencs rages important to the production of airborne
nowse There wems 1o be no clear cut advantase for either fin
i this regard  The better performance of the flow -aceelerating
fin at the blade rate harmaonic was the siarficant factor moats
choiee as the final corrective desigen modifscation to bee mstalied
tult scale

In addition to the modet evpenmniental determnation of the
cavitating propeller exatation feseds of the AO177T anah tical
tivestigations were cartied out by bonr dependent grosps
under contract Sotme ol the resalts are presente d oy Appendin
2for the cases of the ongitad AO- 177 and e modibication swath
the Hlow-accelerating fin ngeneral the results corroborate
what was determined 1 the model tess ot compared with
the unmodified A0 177 the Cavitatine propeller rdaced
surbace force amplitudes and caooins thickness and volume are
reduced with the unproved wake and with the holl shape
Changes wtroduced b the 1in

Resistance and powering with the fin

Onee the tlow -acceleranng b was swlected as the desten
medification tor the YOS 177 the tenstance and powering
penalties assoctated withitwere determmed by madel exprer
nients ot DENSKDC 40

Fiuare 26 shows a companson of the powenng «daracteriste s
of the AQ-TT7T wath aned without the tosw accclerating tindor
the tull load displacement with ttom o 51 o0 10 dowy,
by thie-bow The predicted debvered power requimemnent wa.
tnereased sotew bt cver the anenodsfeed Bl drae tooacom
broation ob inereased totad resistance Py and decreased pro
pulsive coetticient s with the i At tall poser these data
indicate that there wonld be a speed fosowath the fin of abeont
02 knot which iwa aaller aration than the B pral accira
ob the tewing tank cxpenimients Correspond g comguat sens
ot pertinent propulsinve tactors versus speed waith and withen
the i are displaved i b 270 It appears that the i etfe
of the tionan this case s to rednce the ettecthive wake o
cypected readt There i also a reducoon m the relatne
tative ethicienoy ne and very Tittle change i the othe
tors

For the ballast condition, wetboton b a3 750 dowe dn
the vern the pos et haracterstios of the VO TT weied
wathont the furare comparedan Fog 285 Phere was reasured
wicrease 1 resistance with the B bt due to changes o atf the
propulsive factors cee Fre 290 the propalsive elhicienao
voncreased somew bt o that the debivered power repan
ments are actually redonced compared with the case of et
Theretore the speed at tall poswer v predicted oo reas
shahthe by 6 s Kot acazn o varation that Hes swoatbnm the tapnead
accunaey of the experiment

Proposed redesign of propeller

A proposed redesien o the poepelber™ was porbienned o
the shipas Ditted with the How woceleratime i posaich
sebntion o the event that the b did oot wse the juoblenic with
the existiig propeller The proposed redeasn conadered the
veometne characteristios and resulting o ttatien perdo mmanee
ot the existing propeler and of the ook propellers evalinted
AESSPA L However atis not comadersd tobe o hinad redesien
sinee - has not benefited from mtormation fronn ali the tnale
nor has 1t been tested for propulson or G tation pesbor e

S Desetbwd v report ob vestrie ted distnbation s fecgetng e
Frelimutan Redesian of the AO 077 Fropellor 1as2

Coasne b0 e o S Bropatien [ tod Airhorie Nowees
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MULTIPLES OF BLADE RATE
Fig. 25 Vanation of major harmonic components of propeiler-induced huil pressure puises

at sever 1l tocations. with and

Uhe design conditions specimed tor the redesign were the same
4 those tor the ormal propeller CTabie 3rexcept tor modaty
Cations to mnnize airborne nowse and eroson A< discussed
Later ot s alo necessary toanerease the masimom alfow able
Dlade treanence beanng forees

\s disenssed i a preceding section the exishing AO 177
grapeller has seven blades and relatively shoit chords, especiali
near the tpsee Table 20 Although the existing propeler has
15 de of progected kew angle at the tip the skew angle dis
tribnibion is essentialhy inear from the midradivs to the ip The
narrow chord lengths near the tip appear to reduce the ten
dency ot skew to reduce cavitation 41 42 by reducing the
aeephack angle of the leading edee that i the angle between
the progected leading edge and a radsal plane The tull scale
cavttation observed on the AO-177 propeller showed a two
dimensional character indicative of the narrow blades that i
hittle radhiad motion of the cavstation or interaction with the tp
vortes

$vartets of geometrs changes has been suggested to redoce
propeller-mduced hull forees and propeller erosion problems
These sugxe Gons are summarized as follows

I Increased chord length 7180 A dramatic change inthas
parameter could be achieved becanse of the abnormalls short

Causes and Correc ions tor Br

19

without wake-1mproving hias

Chords at the - ares radoor the easting paepebcr . e reasing
Chord Jengths wondd rednce the loading per et are o the
Blades thoe pediong the solume of canitation Reducie the
tnber of blades for the same epamded area ratee weakd
|\rn<[llu' ‘.\ui\': H.uit'\ ]Nl\w"\'\ cansng o Creles I):H’r'«!'

menstondl vavity structare and redneed vialence ot ccliapee
Vb fewer blades wordd b the desen Coser e traditional
dewgn practice
2 Large shew caration near the tp A farge vasation
reradient i proge ted shew anede 7 near the blade npow
produce s highlv swept ap Thistvpe of blde onthine when
heavily Toaded  as ocous i the wake peak may imduee v

tulent wparation ddony the Jeading edige extendme to the blade
tip W thes occurs then cavitation forme alonst the beading edge
and will be convected into the tip vorte s and off the Blade
iy believed that blade casvitation collapses genthy oft the blade
when it merges with the ipvortey The prccess has beernoh

served by Jesaip 430 and on the tive Bladed stock propelier
Fropeller A7 evaduated on the AO 77 aodel hull at ssea

This tvpe of blade outhine has been successtally adopted wath
conteolledde petch propellers b commercial dap apphcations
with ugihicant reductions iy propelicn wduced hali vibration
13
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Fig. 26 Comparison ot resistance and powering properties with and
sitheut flow-accelerating fin for triat full-toad displac ement

potncreased oading near the tip Iy Tonereased loading
S the tip wadbinerease the cavitation volume. and the blade
angnbo extent i whch covtation vecurs This man tend to
docrere cromton and the viokenee of the cavtation collapse. but
vk dowdimg weas the ip mas imerease the propetler o
Aeaced ot bogees
Vo Rodncad beadmg near blade ip 15 41 1o general e
Aecediendime pear the Blade tips will redace the gmount ot
avitation Propeller mdnced ball forces mas be be redrced.
ow ey er the cttect of tip nadoading on cavitation erosien and
vty collapae s not fudh imderstood T some cases, tip an-
vt prodeces andesimable nnstable cavty collapee
vodireaaad anele of sitack foadime sath decreased catnber
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How acceme gting b tor teoal Tult 10ad displacement

P I B SO S S T

BALLAS Y+ INOITION

INSPLACEMENT 10 e 1 RN
TRIM 1 14 n § L g . stenn .
T TRIC TN ONE M
Cp - 0 0008
- WIT LT N
= AT O AL A
RIS
1
4
120 B
] ) :
< < J
; 100 il [ S RN S VTV
ol ‘ -~ 7 q
] -~ 3 3
b . 2
W e ~
a : <
E M
g 10 Lik
q
b3
[
a -
-k O(n

12 1:a 16 4 2‘0 <
SHIP SPEED IN KNOTS

Fig. 28 . OMparsar e it e 1nG powenng (o 4 et s it o
wthout How-au cetnrating e for Dallant o ondit o

loadig 18 Blade ofteb e mcreased wittoa coreespondiog
\i(‘\ Tedse It (.Illl'n'l H‘\Hhm\; iy e h_.n[ml Pt e
tormance  hiswadbadter the pressure distnbation en the Dl
e hions pln\i(inlu iy iru SN o iwl-.l\n\v JHessune et
near the tradimg edee which i tednee the violene o
canity collapee

The approach chosen tor the proposed tedesn b thee AO
177 propeler mcotporates lems 2 and o e eeed hoad
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lmuhhg dre et et wed nean the e teien Trinie avetag
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troinad design and soven Blades wod once the design o
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vl propeller desicn schoate that evcesane bl windes
Stetoe s no longer conadered Bhely wethe oo bladed
P peller
biade frevpiency fora e bladed propelor s barther trom the
lonvitudinad resonance i the st propaisvon soste m and e

Five blades were selected vather than s becanse
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ot on

2 Aamtam penodic bearng torees to the e specibied
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Vo Avend the blade overhanaang the tront and back edees ol
the haby

The propesed blade shape representing the best compronnse
A theswe Charactenishios s shown i Fugare 300 The beanng
torces tor the cedesizn propeller predicted aang the same
procedures as for the existing AO 177 propeler are avenin
[able 11

The Ioading near the tip was shightls greater thaiot was tor
the orgimal desgn but shightly less than the Lerbs optimnm
Uhis distnibution was selected man attempt to reduce the v
lence of the cavity colfapse withont excessively increasing the
loachng near the tip - The radial distribution of thickness was
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pienoy nene leveis moseveral locattons and how thes vanied
with distance away trom the propeller vients
Dependence of wirthorne nese upon ship speed oor rp s
Mostiated i Fig 36, which shows the nose fevels measired in
the steering gear toormat £ 73 90 qnd Ot rpm tor the s
bt condition
e of the hving spaces the propedier nene sl remans

b el annos g or at east noticeable and ditractigg, ever
watt the suzmbieant reductions produced by the binattae biment
Vhe oy ance Lactor may e related o the temporal clarag
rernties of propelles nose berng modulated at blade trequeney
s oesably modiulation due to hip motons e a seaway Vo
st be pomted ont that despite the satistactory teductions
b the nose toovalues at or below the appheable crtera lovels
i Labde 3 the AO 177 Canbe qudied to beaonots shap Qe
wdepersdent of the A T77 e the U8 Navy bas tahen ae
ton recenthy to doswer its aceeptable notse lovel cntena to the
ey shoswn e Table 12 and by theswe nesw standards oot
depheable retroactivedy there are spaces on the AT that
socabd require further attention 1o produce a complotely sat
hactory tin
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Full-scale propetler cavitation

Propelles view g and photogiaphs were carted oot aang
the: satne periseope syatem that was ngged Sor the earines tr!
The viabiits and photography were notacclear bowever due
tethe shadow of the fins overcast weather and pocier water
clarity

Phe resrits disetissed bere are tor the tall Joad 1l powes
condition Fxample comparions of the appeatance of cav
tarton without and with the Bonstaled are show o Foe 57
The dine sketehes were prepared s composites from muatn
photographs and are provided hete tor both the cases waithont

and with the ta
cuded oy far the Caose without the tr

of approvimateis 35 deg past the npward vettieal Fag 374
the cavaty sathout the ficappeas to b thacker and exterds s

Corresponding sample photographs aoe
weangular poation

ightly more of the blade than the cav s swith the fae At W0
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NUMBERS IN AFTER SPACES ARE THE
ARITHMETIC AVERAGE OF THE MEASURED
SOUND PRESSURE LEVELS, IN dB, OF THE 31 5,

63. AND 125 Hz OCTAVE BANDS. FIRST AND

SECOND NUMBERS ARE WITHOUT AND WITH T
FIN. RESPECTIVELY
OATA ARE FOR FULL LOAD CONDITION. AND }
FOR 94 SHAFT RPM UNLESS OTHERWISE
NOTED !}
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Fig. 35 Vanation of averaged low-frequency Noise levels « Stern tegion tetore and
' atter tin installation

loud behind the tranding edge which breaks into two separate
sovoriiees  With the fing a thinner, more-uniform sheet ex-
¢ nds downstream into a single vortex  At65 deg past yertical
Fre 5Tthy the blade is approximately 5 deg ahead of the e
Sonted point of cavity collapse For the case without the tin,
ubstantial cloud of cavitation cau be seen to toem behind the:
avity sheet, presumably broken off from the cavity sheet at
S previous instant
The ettect of the fin appears to have reduced the cas ity

vlue sy by rednction of cavity thickness, becanse of the
cduction of the maximum wake defect and the resulting de-
st the angle ob attach vartation on the blades, especialiv
tear the tips This has the ettect of reducing both the excur

sons of Jow spressare thictuations near the teading edge and the
sodnetion of cavitation

Propeller erosion tendency

Uhe propeller was ispected i dey docek Bive months atter
e b evaluation toal AUt tune, approximatels 50 broal
intang at bigh power level had been Jogged since the tinand

eplicement propeller wonginal design) had been installed
Necevidence of bending of the traifing edpes was found  No
croston due to cavitation way detected. bat some nunor
implung and burmshing of the suchion side thack: surface near
the tips conbd be seen after the blade tips were washed to re-
snve deposits 1t was decided, base tpon this inspection. that
ne turther avtion regarding the propeller was necessary, except
S the penodic inspection of the propeller blades

Propeller-induced pressure pulse amplitudes

Measurements of the hlade rate pressure amplitudes were
macde at seseral pomnts on the fin underside at locations some
what off the centerline that have minimom radial ip clearance
Froure 3% shows the longitudinal distribution of blade rate

pressre l‘ll‘l"l(' .nnp!llu«lv\ cotnparing H‘.n»«!x 1 CNPreRitie ta.

results with the full soade il measarements ot tovi e wee 1)
Joad  The model reandts are the maamum oadlovage
corded values of J3p, mcindig the ses wrb s e
the tlow acceferdine i Fhe il « ce i reslis o e
three difberent vans Gt 100 TP Wtk e o e T
values converted te cquivalent doabie anplendes b g
‘)ll(’.lll“ll b N2 Mthoneh there oa stter oothe o et
atd somes dattere nees hetween the e e oy et
madel data the generad vends o coreeloes o ey
envouraging and wenn to venny the becete 0w
fin
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Table 12 New Navy noise criteria levels—permissibic airborne sound pressure

loveis (in dB relative 0 20 uPa)

Octave Hand Center Frequency, Hz

Fype of Space

F2h 2500 500 1000 2000 4N HOOD

Large command and
control

Small command and
control and
administrative

~Paces X1 Th
Medival ) Tl
Shops, serviee

SPdces pass

wes and top

~ide sGitions Nx M Y
Mackien W94 9l

Operating experience

Operator teedback with the tin installed has been good
With the crew combat nnproved. the ship has heen run ex
tensively wath ne speed rednctions it has evpenenced no ad-
verse eftects conts manensenng properties and it has engaged
it outierous underwas teplenshment operations As noted
carther tie propeller croson tendencs has been noticeably
reduced compared with the budder's tnals pertormance The
ship has been shown ta beaceeptable tor teet duty i ats ine
tended tssion

Conclusions

Fhe followmg conclisions directhy applicable to the AO-177
v ere drawan brom the nose correcion program

o Fluctuating pressure pulses trom intermittent blade cay -
itation caused the propelier exetation problems of the AO-177
The situation was attnbutable to the combination of 4 poor
wake due to the atter hull shape, excesave unstable cavitation
i the untasorable propetler blade- geometry . and the relatively
hlL',}\ \p(‘t‘d and power

o The How aecelerating fin contignration was etfective in
reducing blade rate hull surbace pressure excitatoon due to re
ductions in propeller cavitation cansed by impros ement i the

AL Ty,

264 bb b

60 a7 H4 51 ELl
Y 66 64 bl a7
it (32 B v )
i W o nwe ¥

~H 8! 74 Bl T

magnitude and steepness of the nonunal wake  The fin alw
produced reductions in tugher blade rate haraonic conmponents
‘model scalet of the pressure pulse exertation and this trend
likelv responsible for reductions in structureborne nowe and
sibration that eventually radiate eteney as dimrashed wirdar
nose inside the ship

o The tlow -accelerating fin produced a sigmtbicant rediction
of anboard wrborne noise on the ship, to evels waithan the
specifications

¢ The propeller blade eroson tendency was mieasurabls
reduced by the flow-accelerating fin conhiguration

e The flow-accelerating fin contiguration produced negh
gible penalties on the drag and progulsion charactenstios of the
ship

o Model experments indicated that reductions of proped
leranduced hull pressures could be achiesed swath propeeller
design madifications

* 1t speculated that a combination of a flow amproving fin
and redesigned propedler could provide even fower surface
pressure and surface {orce excitation than was aclieved with
the tlow.accelerating fin alone, but with ikeb increases of
periodic thrust and torque beyond the tight constramts

Other conclusions and recommendations are

o The crtena tor periodic theast that dictated anporiaon

WiTH PN

ta} BLADE ANGULAR POSITION , = 35 DEG

WITHOOT by

a
WiTh §an

b} BLADE ANGULAR POSITION , - 65 DEG

Fig. 37 Comparison of AD 177 propeller ¢ avitalion (tull scale} with and without hin

P a4 e i tar Bropietier ey dect Artuorne Nooa
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detatls of the AO- 177 propeller geumetrs may have to be e
laxed somewhat for single-screw aunihiary ship designs

*» The excitation from propeller induced hull surface pres
sures and forces should be detertined routinely along with
beaning foree and moment excitation as part of the stup and
propeller design process, especially for single-screw ships with
appreciable wake

o Great care must be exercised when the nominal wakes are
predicted to exhibat farge and steep pacaks Bulbous sterns o1
open stern arrangements should be considered senoushy an earhy
Mage design

* Crew accommodations and other accnpned spaces w here
critical ertena must be miet should be Jocated as far from the
propeller as practical such as i the dechhouse superstructure
vrowell forward
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Appendin |

Measurement and analvsis of airborne noise

A aboroe nose measrements shoard the YO 177w
made wath portable instrumentation consstiig of sonnd Govel
meters with octave band anadvas capababte and condenea
i n-p!w!u-\ The noe i were maealhv tadntared
Where noee fevels vaned with vine the meter displao vas
vinttalhy veraged ovet a pencd teopreadls mevcese ot Tirasconds
for cach data entiy Thie NELEEAT b ased convstent!y
Adunme ol the tods where abv e tese was mceastred and
comparison of the Ao wirh Compaotment none cntere s
(HII\I.'(‘I!N‘ valnd

Arrhorne nore easnrone ety were taben ot bt i T
teserdatinve of tanned positions sothin the vanons sarveved
cotnpattinents T I v and diesamg spaces mMeasaremonts
T pu alhy were faken near tao tueeks Measirenient Jocabnons
were selected on the hasis of commonalite waith t banilder «
tials LTSIV RN T AWERY

The Navy ~ anthorne norse fevel e are asagned o
sitphoard spaces on the baas ot compartment opetational 1e
Ggirements  Dependimg on the fune onal sature of the space
the nore coterare mtended to mumimize personnel hesnng
((.AIZML'(' skt L‘\.HH}"(' [AAR{IRTY lllHt'l\ Spboes allow rehabh
speech commumnication ascim ofbace and cotand and contral
spaives amnd prn\nl«' for teascnable Tabarabulins i b e
ated tecreational areas

Fable 5 <hows the speatie anborme none cotenia et
band lesels which were mcdhided nothe AO P77 shp tanbding
weaheation - Recent changes i oconpationad nose contiod
and heanmg cotsenvation seqgaretnents bave established
n'pl lM(‘ Hoise Ir\("\ ton \lnp SpPeees \\In\ hoare u\ll\uh'l.lM\
lower than develomed mthe AO U7 dnd othier specibic ations
which were wntten poot ta 1981 Tocompiv wth pobbe Liw
and other operational needs the Navs bormadly et mavimam
Alowable wrborne nose levels Tor s dbbornont Categonies o
shipboard spaces Phese crenia Tt stabinhed o dB v loveds
and then evpanded tooctace batrd bevels e oo b
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Appendix 2

Results of analytical investigations

Ay part of the program of 1investigations for finding and
verifyving a cure tor the problems of the AQ-177 predictive
caleulations were commissioned from several independent
sources to study the propeller blade casitation, and estimate the

WITHOUT FIN

propeller-excited hull pressures and surtace forces Thiswork

was undertaken to

e provide corroborative evidence on the character of the
witial cavitating propeller thow and it alteration by the
proposed {1y

o obtain some idea of the correspondence betw een levels ot
propeltes - mduced bull presures and bl sartace forees
that give rise to troublesome evertation and
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ample

Shyp e piopelles yeometty and speed power data corre
spotiding Lethe bull nower tnal full lowd conditions tor both
the otrgmad O3 77 and tos the AO P77 with the How el
eratimyg bin were supplied to the Davidsor Laboratory DL
Fhodremechapos e JHE Voros and Asoctates Ine VAL
ancd Det nerske ventas DoV These wroups performed sinula
cadenlatons nana their existing proceduares

The Davidson Laboratony results 1536 were obbamed nang
o bl propeffer analvses program 47 whach acconnts for the
bonndars reficction eftects of the bull shipe The necesan
velocity petental inpats appropriate for a Cavtating propetfer
were deternnned nang g quast steady . o dimensional vavats
How theors and anapprovirated propagation functeon to
iadef the ettect ot the entire propeller Vhe DI approach
made possible the amalaen of enther worad treessartace
condition o 4 presstre fiee artaee condion at the Jocation
of the zetavpeed waterhne

The results from Hvdromechanies Ine 48 49 were carned
out usig the approach desenbed inreference 50 which em
plov s guasesteads Pow analvas to moded the cavitetinge blade
sections and @ strip theory o desenbe the effects of the entie
propetler A htting line solution was ised in this case to obtain
e steady Toading solotion needed to estimate the nocas dating
elfective camber and angles of attack The resulting Huety
atm free space pressure held values were muoltiphed by g
Factor of twote aceount approvinatels for the presence of the
handy

The results o Vorns and Associares Ine 3132 were carnied
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out with the theors desenbed mnreterence 33 Fhe reciprocty
theorem emploved by Vorus recasts the problem into s torm
such that the surface torces are caleulated directly rather than
by means of integrating the pressures over the bull surface
Hutl shape ettects on the local boundary reflection properties
areaccounted for - Fluctuating pressures are computed inde-
vendently of the base surface free Gaboalation scheme The
caleulations also employ an upsteady avitation dynamies
anabvss to solve for the etbecis of cavits crossesectional area
vartations Lo be superposed on the nencavitatsng blade loading
eftects

Fhe DoV results 9 ctaploy an ansteads . noncavitating
vortes Lttiee Mt surtace theory tor the blade loadinge cttects
g atapproaiate acconnbie for eltectinve wake U nsteads
cavitation ethects wremodetled wath tiee dependent sonrce
dastribitions enet the panels ot the Tibting wertace Fhe bl
toee space Huctuating prosare salues were nadtiplied by
tactor of twote acconmt for the presence of the hall near the
X‘In[)x'”('r

Fhese methods were and ol are gnovarons staves of de
vobprient theretore some of the tesalts wre to be viewed as
prefimcany and v need of burther rebimements

P ongtudiad ditrbnons P Bl ite pressiare aimplituds «
at prant abone the Lppes apertare are shown e 34 com
parin teosubs o teree on the predn e mecthods For the case
with f the ponsts oF soterest e ot the centerbine where the
Ihere s o
Sraratic vartite ot aesetdes b the pressares predicted

For the case wathout the

trocandersantace s ciosest e propelior disk
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may be some nonhinear effects between the three factors so that
the maximum factor i less than 27 However. 1 cannot see that
there has to be anv relation at all between the thrust vanation
of blade frequency steady ahead condition and. for example.
the thrust variations in hard turns

Secondly, even it such relations exist. it 15, 10 my opimion. not
possible 1o predict thrust vanations within percent accuracy
keeping in mind the nature of the problems such as scaling of
the wahe and the bme vanahions in the wake  These are always
present and make it dittieult even o quantify these small
vartations on the ship

Rewarding the chorce of number of propeller blades. 1 miss
the evalnation ol the sk of excitiog the natural frequency of
supentructure which icconadered to be vers importan

Tabo wih to comment on Appendiv 2 where it sand that,
tor the case aathont the hine all the caleul on procedures
predict pressare amgditades wbach are snbstantially smaller than
those measured n the SSPA water tunnet 1 the DV calen
lations had beennnceluded i Fig 39 we would have seen that
these cemults wive somes hat larger pressare amphtudes than the
maodel experiments

since the problemic abo were related to erosion T o o
comparnon between analytical and exvpenimental amonnts ot
cavitation

The authors have demonstrated g instructive way how
analviical and experunentad i estigations can be apphied e
wive propeller cavitation related problems and 1agree sath the
conclusions arrived at tosolve the problens However, this case
abvo demaonstrates the need tor analvtical methods to predact
the propeller-mduced nose at the desien stage by this con
nevtion it may be mentioned that by the PV anaby tieal methd
the nowe reduction i the steermg room was estimated at 10015
dB A By mounting fros 9

Froally just a small comment onthe tithe of the paper Ae-
cording o common termmology ths isa by pical drmctureborne
note problem not rborne

K. Takekuma, - Visitor

The authors are to be congratulated tor thar interesting
paper deseribing thew extensive hydrods nanne nvestigations
to bind the cause of arborne nose phenomena expenienced on
a~tupof relativel sinadl biock coethicient A the authors ex-
plamed m therr paper. many vibration problems have been
eapenenced in the past several vears i spite of the effort to
decresse the devel o vibratien and wrborne nose dunng the
conrse of ship devien

The discusser who presented his expenence mia paper tor
RIN A 1979 55 wondd ke tootter the follow g comments
‘m(‘ questions on the tutsis of e yperienee i the «{(‘\Iun ol hn”
tortms and propetlers

I Om revieswang the propeller design of the AO {77 it
noticed that a the diameter of the propedfer was mnch
crrvdller than optisom: abont 7 me - or the nnmber of revolntions
honld have been hdher abont 120 tpin- for the selected
ameter, and b the expanded area was smalier than by exasting
criteria sich as those proposed by NSV as fallows

AF according to NSMB 28 5 mf
AF adopted 248 -

Phs some propedlers wath larger expanded area could be waorth
imvestigation i addibion to the three candidate propellers A
Boand (

2 The discusser considers that bigher blade rate froguenos
compaonents of propeller exoting foree are more responsible

SNagasakt Fechnea! Tnstitnte: Attagbidn Heans Indistries N
wasth Japan

RO YO0 O SR T RPRL PR SN PR 8

tor the atthorne nose, but Fig 25 shows that the level of blade
rate frecuency component s much higher than those of higher
blade rate frequencs components except at aver tip port A
Would the author explain how they reached the understanding
on the phenomena that airborne nose 1s much more domnant
than vibration level. although high blade rate frequencs
components of exciting foree were relatively small”

3 Regarding the results of resstance and propulsion st
the results shownon Figs 26 and 27 comnerde with sone of our
expenience, nameh hittle ditference of FHE G and st o
duction coetticient decrease of wake fraction coetfioent oot
little ditference of power when fitted with fin However the
results i Figs 28 and 29 indicate that improvement ot pro
pulsive performuance 1 obtained by g rettarkalde nnorease
relative rotative etticieney Hosw de the wathor cagda e
ditterence i the etfect of stere tanne! fin e prope s e
tormance of the ship?

£ Siembicant variation ob the bull scale et

prossure tluctnations i shown o Fre S ihe Lather o
phasnend it theose rosulte were obtamed inthine o

inthe full wade tnad Wonld the wathorsevpinn o o
the stehicant vanation o the pressure thict e aon e

with o« fin”

Additional reference
S Padebhurmia K Sehoate s Proden o a6 e

and the Solutoer oo Batting o N e b
Ship N ahor IN A Dec 16T

Paul Kaplan, Member

Pk papet lll('\l(i(‘\ Al nteresting sagoa abont the e
quences of unscanted propetler cavitaties oy well as e o
X

codures used teestablinh asiccostubcorre non o the s
problenms Althongh there are a number of atems mn the e
that can be discussed iy dis asaon woll foos promaniv cr e
ataly tcal prediction ot bl presaares and the Conparison 1
tween theory and evpernnent The comparsons gre showie
Appendiv 2 ob the paper with the imphied resadt tha the
present theoretical miethods provade resalte thoo gt el
ditter trom expermmentai valnes Consdenig anls the ressh
of theoretical calevlations providea ta Hsdromectinniee T
Ican ke wompmber of cornme sty refatine U thas s 1o
o

A umn‘r.ﬁ cominent Dwant sooobgect tothe snonre e
compatnon between thecrs ard oxpenme e ey
asshownan Fre 390 Phe theoretiodd ettt jo oo 0
of the blade rate amphtodes Corresgondinge

ST
quetiey w b b i~ H}\Llllll‘(i by L \{111 Ctortathe T "
it s analogons Yo the s b opertect b e L
shonld not be Compared warhobe = ot e
prerimental pressure signal tead ronn oo e e

clude ettects dae o tinie vt of the o tad w ke 0 ot
are not constdered iothe theory A ot o

merdal values for comparison parposes shondo b g
mean of the highest 3 porcont ot the Blade rate Compunent o
shosern Fres Eeand 25 snce vhat iothe protoried o

ment cotmdered approprite by the rest aboeratons sSSPy 0
that information were used as the evperneentad b i
comparson it Frg 349 o the paper soonbd thes be shown oo
Fig 43 with this discussions Tnthat Case the degrec of e

wient between the Hydromechames theoretical predictiens and
the experunental s adoes of huall presares wondd be grte o

The deyree of correlation would then be somilar v that S
i other apphcations ot this theany woednbated i 3 which
v the basie desenption of onr method  Phas we ad Hvde e

chanies beheve that the capalnlities tor theoretcal predic e,
of pressures due to cavitating propeliers are not as disnal as
portraved i thas paper
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Tabie 14 Ship and propelles charactenstics
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Fred Stern. Member

Fhe problems cnecant i Vo s Wit
crvample of the need S0 T VR R
Joadings ande by a0 0 N .
o7 ""l('\ \l‘lkl.ll!'\\l“‘-‘ 4 . PR I - ot Ll
signs I ther detasdeo s oo , e
the extensine corfectin: IR IERTEET - Ce
aconsiderable amount a0 T s
computationad whach e i " TR I
The extensiveriess of te et i " A
Fhe modelscale expera o o v e o
tsuch g manner that 1he et 0 i . o
tions and the ditterent wane g 0o e s e
evaliated wparatel thereba co it e peesalin e
desigmng propellersand toe ce e Wl
cavitation amd s obten delete oo e ol Voo wud
agrecmient shown betwecn the g e e o e
ments indicates the uetuines o eah L. Gl
i obtaiing this goal  Tfes o e aedle
permmental ditbicaliies oz baal wn e
wentation and ok ob Boeonads none el oo s i,
AcOnTate Comprtat o0 e e boog ol
be reached  Varwoas conoatats e o wen angeh
mented 1o prmh.r the Wm;n! Lele et anad Bl
presaures anid sarface forces e the M0 TT SN o sl
are givenan Appendin 2 it oo sl < Fherean
s dithiendtto draw e vn e e e oo

e e the papes
vt the

putational data presentes gt

wotdd have benetied o neae ot
computational resalts

Fhave also portarmed cebonlati i o e MO0 T peopeiles

blade cavitation and B!l proccanos o d weonb bk w presen
}

some of the results here torcotparisen wththe atier cadon
lations shown i Appendin 2 e onmplos esaliainc ladbes
detarled comparisons between the preducted it nand the
mondel and 'lll|~~t".|l('l'\[n'!"m" oAt Tecebiv repaarty
1982 ONR Symposiunn ot S Hiodiodvnoone s =00 The
method «'lllpl“\\ adsnanmieald aptpioh Ponowhubohe o
the mstantaneons cav ity stirtace s tosdeled at e pepeiio

Ccrons section as g senn «~|h;|\. N odes tar the gt henueth
dnagor avast thichtess et tases and pesition alone the
section chord are deternaned b that the nesds car caaty
surtace boundary conditm s are satstied approvanaten Fhe
pressure on the instantan oas caaiy sart e s el aned g
a Wwosdmmensonal thick ot siateads potenriad tow
compnter program Three dimensional propetor eftecr ane
wicluded by eorrecting thi- harmomes o the certical componeit
ot the section inflow nsng the resslts trome an astendy pro
peller lifting-hne computer program The vertical s omgenent
of the section inflow 15 obtained trom the nonana wake maod
ihed to represent an eftective wake nane Lata tor a s mimetnie
bedies

Figures 44 and 43 herewith show the predicted caaty volure
and volume selocity The resufts show abstaatial ceductions
due to the addition of the How modidsing bin The reductions
are due principally toa decrease mthe cavrt thickness as was
also found in both the model and tall sCede experiments The
cavity volume veloeity (Fig 45 as Leen harmmcally ang
Ivzed (sev Fig 461 and the trecspa e pressures cale vhated v
Fig 47) for comparson with the other cadoslabions and ey
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penmental data shownin Fig 3% coethe papers Asalue ot 2
was usexd tor the reflection coetbierent i the tree-space presure
cateulation  Thisapprovimate procedure tor calenlating hull
pressures due to ansteady casatation s m commet use aand
fact, was alsoused by Iband DY Phe results are seen from
Fig 46 1o be below the modeland full-scate expenmiental data
The results da show the same trend as the expenments wath
reggard 1o the effects of the s, that i reductivn in the
pressure magnitude except for directhy over the ip whete the
effects of reduced tip clearance offset the reduction due to the
fin in the seventh harmome of the cavity volume velocits V-
The “tree space factor of twe " method i cortect for the it
of aninfinite flat plate vinfitel fong cvhinder Thie

Coaee gy e e Dropmilet Eaoted Airhorne Nowae

34




[} wWITH FIN

»

~N

L

e 38 N

Cavity Volume Velocity Harmonic, ¥, (1t /sec)

WITHOUT

l l | N P S St "

FIN

~ »
Y e ]

A e A i J
1 2 3 4 ] 14 8 e W0 n 12 13 W B8 ¥ 7 8 ®W XN =
’ Hermonic Order ' {
1 1 Biece Meve 21 Blade Rete 3 Bieos Rew
Fig. 46  Cav'y vOlume veloady Du morcs tor the AQ 77 icpetier
AL} 18 - WMODEL
] 450 EXPERIMENT FULL SCALS {27
/ MEASUREMEN'
MODE . [] X :
s EXPEHIMEN dys - s wL ds
ER k3 2 J :
al 10 ‘};‘ T ~
< < « -
) CALCULA s \‘j
-1 %} 1t
CALCULATED
0 .| U W o ° | 5 W L 1 .
WITHOLT FIN WITH FIN

Fig. 47  Cormpanson of Made rdle (»essure ampituges witt »apenment

e i ts the water free sarface presaare reliet etfects and ace
Corate representation of hall retlection eftects The tormer
cHiect rediaees the pressire magitude The latter eftect mas
piercase or decrease the pressare magmtade depending on the
wpecthie hull geometrs A comparisen of Fig 37 with Fig 39
11 the papert shows tiaat the present results give larger mag
mtudes thar the e sonbiusticated methods of VALand ST
Phis s miost kel cqve 1o large water freeaartace pressire reliel
However thiss not substandiated by the expenmental
data The goed agreement between modelscale results ob-
tamed vang a o wall water treessarface and the tull-scale
resultc implies anall water treesarface pressure rehief effects
The Vaband SET results abso show an inerease in hall pressures
due tothe fin which seems umprobable Tnorder to draw more
conclusions it would be necessary to make a comparison be-
tween the cavits volume and voltme velocits variations pre-
dicted experumentalh and by the vanous compitational
methods  Such a companson is important due to the domi-
nating etfects of cavitation on hull pressures Tt s hoped. with
regard to this matter, that the expenmental dithealties

ettects

ea sty ity vobies o vodnine et e
overeome snce these data e wegeer s ve
vahdating the cavity predicten b

I hedtese that the comprtatione et . S
thoueh. cleariy as stated by e ot e 0
{hes t o . ot
pasticularhy b the caly desies e o e e
of mans desn oplions can e oy e e

developments ad improvemient.,

Additional reterence
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Upstewds Cavitition presented at e e N0 \
Arhor Mich Ay Tus2

Jacques B. Hadler, Member

Iowas a pleasure terecenve ths paper st i v
volved wa number of propeller desin ot
a ship that has a wake pattem swah ammee e
gradient and wake defectat top dead conter e p o

modified AO-177

Causes and Corrections tor Bropetlen b xoted Aithotne 1o

35

Wy

i, -
ot

R R ———



lu general. | agree with the authors” conclusions on the pro-
peller blade charactensties which seem to be most suceesstul
for reducing the likelihood of cavitation erosion, traling edye
bending and mummal higher harmonies of blade frequencs
with acceptable blade frequency forces 1 have used the
techmque. whenever Lhave had to design a propeller for such
a ship. of designing three or four propellers io which 1 have
made small but s stematic vanations in either radial foad dis
tnbution at the tip, varations i plan form or the amount of
caiber in the tip sections A model propeller s then con
sructed with each blade to a different one of the designs The
propeller s then tested i the varable pressure water tunnel
behind wake swereens or partial hull bodies combined with wake
wreens whnch amulate the wake measured on the ship model
Thewe tests which can approumate both the load and ballaa
condition of operation, show the extent of growth and decas
of the sheet and tip vortey vavitation as the blades pass through
the o velocity remon Through strobe lightime, s easy o
conrpare one blade with the others i directly comparable tlow
conditions and hnd the blade which produces the most stable
castiy that collapses in the ip vortes of the blade  The results
of this approach have alway s lead me 1o the follow g concln-
SHOS

¢ Kadiad blade loading distnibutions which approached
the Ferb s optimum were best

e The amonnt of camber at the blade tps should be
litmnted o the sections are not hollow on the pressure face
o Plan forms which produced pointed tips even at the

H.Ilim\; ('\‘\;r were not \”\'\’l‘\\'lll

o Wide tips are generalh better than narrow although
there s some evidence that there s a “best” length

Fhese propelless have had varving amounts of skew up to g
mavinnn of abont 30 dey Sotar, all propeliers deseloped by
thas approach hase been saecessful

Pagree w wh the overall .||1pm.u'h nsed by the authors o the
new five hladedd desizn exeept tar the shape of the trailing edoe
At the tip which s more “pomnted” than T have foand s
cesatnl

Fam guite surprised at the author's estimate that the periodic
thrist at the thrust bearing masy be 27 times that caleulated by
ansteach hihng wirdace theory using model wake data Tagree
and have witiessed on sihration trials a modulation that mas
approach three when there v large amount of turbulence in
the wake due to How weparatien bat o factor of three s eveessive
ey evpenience for freessartace effects and for turns The
miost that Fhave ever noted i bactor of twoon twin-seres ships
i tight tuen and less than 13 tor free-surface effects Could
the anthors ete therr evidence tor sach large factors?

I losing L eannot hielp but note that it almost alwas s seerns
to take o destzn tailure to precipitate a magor technical inves
tigation which can extend onr tountain of knowledge - Weare
lortunate that the authors could share this knowledge with
s

David W. Byers, Member
Ehe viesws evpressed herem e the opmtons of the discinser and Gt

fecesanh these of the Departinent of Detense or the Departinent of
the N

The anthors have presented a comprehensive treatment of
how a propeller-exeited nose problem discovered durme sea
trials of the A0 177 was nlumately resobved  This problem
arose s o result of incomplete understanding of hulf-propulsor
interactions on the AO- 177 while under design from 1972 0
1974 would like to brieily address the question - How are
we s the 1S Ny design commumty at NAVSEA ensuning
that such g problem does not recur on future designs?

First of all 1o the area of bl torm design, we are smarter
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tocdas thm we were iy vV saoeted the authors
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et d b
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Michael Lusick. Vst
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Becess il e o B e D e
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The wathors b e prcac oo d e vens st b ot n gty
paper Phes s dieces ] wbe he L s eatnne D
was intedled e b o et o e o e
Frn was instarfed

The broaetalle oo s b vt o abes e gor panhy
Jerms the B o0t whd ot e e e

ston to s the v e e d P e Tast woth
the provaso dhat the Tow e o
five moonthe' Backong o g

Moted b o Ny s e

et dute teoallow

tor maradloon e by docd pect b s o bonee matenials
and etung anooverbac b corton t e meease the detad design
had tobe teads by srd bl oo 1ast Tl wpedunde did et
allow tar \]thlL" At jeend

v second muger proddem el oo e s arbes o utic s
imoived  Avendale Stipoards B ASE ket hroneh
Superviset of Shupbuddie New Enleans devs loped the de
Lauded deas ies s ndioe Wbt siee AST o cthe Bl of
the VO ITT and Bl om0 VO T o s s
contract Howeser Astoonld oot prstalt thae ot ton as the
AO 17T had dread, tl('lrlu\n-.: tothe Wed Coga The AT
fin anstallation conld poesbly bave been dore by ane of g
number of vards frons Seatthe o San Do e Sabeequenty
Todd Stipyard s Vleneda Calitornne Faobin got b contact
and worked under the drection of the Snpec e of Shap
brddimg. San Francseo The second shipood the s the
AO TS having abready been deliverod wonld nave tur
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astalled by the Naval Shipnard at Chadestons Sonth Carohing honally Cooperative ettart put fornhis allconcemed
The tine for the remaming ships would beinstalled by the A ean beseen trom the iares the fovs sather linge e
Fipbudder AST Al all there were two commereial vards  overalt depth of the stonctime was 1t e wdecowdeh of i
one aaval shnard and two SEPSHIP officesonsvalved mad - about 15 00 6anand ancoveradl lensgth o 45 1 v The |
dition to many codes within NAVSEA thickness of the tinas sathicent to allosw gante adequate access
Cotmdering the tght sohedule and lihehhood of & o many o the intenor tor welding pamtong imspection ot Fhe
cooks phenomenon, s plegsanth surprising that things went comples shape of the i can beseen i Brgs s 50 e
A smoothly as they did o Ve was due mamls to the exeep wath
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Che structaral design of the finwac tarh straehtfors ard
althongivseverad msues evolved to complicate it The firat cat
at the woanthigs mamtamed the general plate thickiesses and
arrativement of J(I)dl'l'lll hadl strncture and was transversely
framed swath webeat 200 spacing Analvsis of the eosulting
structnre indicated it would withstared o weneral Sam - heaver
Lo slap o at Jeast 12000 pst - Sice standard practice woukd
e predicted Soads b oy 1000 pot theee “immimuom”
seanthtgs were niantained  Plating was commercal grade
AS eveept for the fower fave mowas of the propetier wineh was
Navy rade HY S0 o protect against erosmio - Yetnalh HY
FO0 was ised for the AO 1T wher satticient wicounts of 1Y -80
conled not be aempured within the trme avartable

A unusial teatore of the b that ot cobree floodine i
order not to have an adverse effect on the tim of the <hip
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Fig. 51 Fugure 16 of paper with MIT-Davidson L aboratary calculated
values superposed for AQ. 177 without fin

cdowrne-by the-head under certam foad conditions 1t w o< dee
termnned varly on that the B conld not ust be an cmpty voud
Various concepts for focked-m hgmd ballast wese conadered
but rejected because of problems of freesime the o tten
at ot above the waterline  chenncad contarmimation and pera
trations of the hull mcase the ptallaton soas por v drods
H.lllll('.l”\ secessinl uul was late 4 !Hnu\m' l}‘.nl\ Hevolved
that the greater part of the i sectionover IS dept
wontld be tree Hooding Fload holes were prosaded o tie
under surface and sent hodec abuae et ke a wibmigriie
The interiorn was proles ted b coatimngs and Anc anodes Access
plates are provided tor ispecton s mamtensnce of the
tenior of the fin

The onlv probicm unresolved atter the untie mstdbton
ivolved the adequacy of the prapeller shippiog o eves tHinsh
tpes instabled onthe underade of the fne This was res et
by a desigi modibication on subsequent imstallation by the od
dition of ancther pair of pad eves

Toran age when st eas tobe cviecat oot e N datin
towork with indastey 1o responed venekhy and efbecieic o wae
refreshimg to be mvolved ma prowect whach was s s cesdal
as s one The anthiors and the nooea Coohties iy obved e
to be congratulated

J. P. Bresglin, Member, and T. G. McKee, * Visitor

Propellior sduced pressares onthe abterbaody b the A0 177
without b hase recenthe 006 November TOS2 beer - ot o
as a part of the documentation of the MEE DU puopeler bl
program descethed m the Breshin et ol pupes eivence sthien o this
volume  Comparisons of the pressares at fve ports as e
sured and reported i Fug o the present paper wath thos
caleulated are chown i Fig 90 of thicdisonsion Here we
compare onr calendated double amplitude tor the ngd con
dition on the water surtace s waith the mean of the 3 pereent
ighest vadues measured on the model gt SSPA - Thie o the
tevel nsed by SSPA tor predictive purposes as esplamied earher
in the Bredin et al paper

HDavidson Labaoratory Stesens fistitode o8 Tecbaodogs Flodwohen

N
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It is seen that the correlation is excellent near to the propeller,
but bevond 0.250) the calculated values are about half of those
from measurement

As the theory does not include temporal variations of the flow
and, hence, no statistical variations in pressure amplitude (or
phase), it w reasonable to question the significance of correlation
with a particular part of the nonstationary model test output.
The agreement nught be considered as fortuitous. but of highly
practical value since the twelve-year experience at SSPA shows
that their means of the 5 percent highest amplitudes correlates
well with full scale results.

Clearly, the predictions made via an ad-hoe theory developed
hurriedhy st Davidson Laboratory compare poorly with the
maximum amiplitudes in the authors’ Fig. 39 for the finless vase.
A decision to represent the cavity potential by only three terms
(which dominate the far field) is now seen to be a poor ap-
proximation in the near field. A more effective ad-hoc model
is believed to be that developed in the discussion of the Huse,

cannot be used in 4 case where the fin 1s applied

When applying a fin the pressure field around the propedler
tip will have lower amplitudes, but due to the smaller clearance
the ship structure is moved into the region with high pressure
amplitudes. These two aspects combined result in a differemt
pressure distribution on the structure with respect 1o amﬁiludr
and phase. The integration of this pressure field can lead to
lower or higher forces and moments than originally  in case.
for example, that with a fin the vertical force F, is larger than
without a fin, one may expect that the vertical vibration level
increases proportionally.  The increase of hull stiffness due to
the fin will have a negligible effect.  Further, one can state that
larger pressures lead to larger forces, unless the phase distri-
bution is changed so that the pressures balance vach other 102
certain degree. But then a reduction of the excitation system
can only be small

Therefore at MARIN we state that pressure fluctuatuns have
tobe reduced if afinis used  The decreased vertical clearance

— e

Guogiang paper by Breslin, which appears earlier in this  surely is no reason to allow a higher pressure leved on the fin
volume
In any event, the caleulation of hull pressures arising from
ntermitient castation must be regarded as still in its formative Authors’ Closure
period  We must expect that theoretical conceptions, which . i
include the physics of the phenomenon. will give tar more The authors sincerely thank all of the discussers. Thewr
consistent results than the ad-hoe formulations. contributions have greath enhanced the value of our paper
We will reply first to points raisedd regarding the propeller
? Schette Hylarides, '* Visitor design and propeller performance Then we will respond to
. This paper contains a great amount of practical design aspects uther points "K‘lfllilliﬂ those ilS&l'lal('(.i with hull pressures and
i on vibration problems aboard ships as generated by the pro-  forces, fin selection. and airborne noise 4
; peller  Their nwe the pros and cons—the considerations as Several discussers. imcluding Messes Zaloumms. Raestad,
to which choice should be made between the various possibil- ~ Hammer, Noonan, atel Professor Hadler commented on the
ities, are dealt with vers extensively  Also is illustrated the fact  Severe fequirements regarding maumum allowable blade rate
thal mamy questions are still open, so that very often the de-  bearing forces that were imposed on the P"’l"‘"“'_ design.
signer has to operate on intuition. 1 therefore think that we  Essentially all of these d""‘zs‘"" feit that these rlﬂ?u!ren‘wms
unanimowsly agree in complimenting the authors for their ~ Were toosevere. Ay discussed in the paper. these bearing force
valuable work recquirements influenced the design of the propeller on the
In spite of the rather extensive description, it is not clear to~ AO-1 t7 toa m\‘u'h greater degree than is ul::llal practice. The
me why finally the flow-accelerating fin with the original  US Navy requirements and rationale that led to the maximum
propeller was selected  In my opinion we can state the problem allowable bearing forces are -‘“'"'!‘a"”‘d in the paper and
as follows: ’ amplified in the discussion by Mr Zaloumis. We thank Mt
e the vibraton level is acceptable Zaloumis for the supplemental information in his discussion
* the noise: level is by far too high, and The rativnale for blade rate thrust includes _
o the cause is the intermittent propeller cavitation. 1. MIL-STD-167 for atlowable vibration level in the pro-
Krowing this. the alterations on ship or propeller should be pu‘l,smn system. i ) alentats
aimed at reducing the higher harmonicos of the hull pressure 2 Prapuksion svstem vibratory respanse caleulations
fluctuations 3 Empirical multiphcative factors on the calculated pro-
Looking to Fig 25 of the paper. one directly concludes that peller forces to consider the influence of
for the higher harmonies the tunnel fin is by far more effective i modulation, | L and
than the How -gccelerating fin - Although not mentioned in the () nonlinear effects at gh speed. anc
text. 1 expect that Propeller A (the five-bladed. wid ~blade Aed o turns i
propelleri i abw very effective in reducmg the higher har-— Mr Zalounns described the dervation of the empineal multi-
monies T his opmion is based on the large effect of Propeller  plicative factors His discussion answered some of the questions
A on the pulses with blade harmonic frequency (Table 9. Fig ;‘Sk"d by ather discussers, so those points will not be repeated
24) and on the complete redesign of the propeller that hasbeen  here. ) L )
performed. So tlnE ohvious m,fullt)ns w'mll{{b(* The empirical multiplicative factors inherently include
(@) the tunnel-fin, or factors of safety for the influence of phenomena that presently
(h) the 3-bladed newly designed propeller cannot b'l' ('ul('ulqlvd diseetly, suchas ,
Yet the flow-acceletating fin has been selected 1. Wake scalir g effects idifferences in the pertinent bar-
According 1o the paper the Dlow-accelerating fin was slevted  0RICS of the nomintal wake between model and full scale)
because. according to the SSPA vibration criterion, for this fin 2 Effective wake d'str_'b““""' “."lth"'“‘"" of the propelles
the pressure limit is the highest The authors start the justifi- o the ;))eﬂ_lm‘nl ha"‘"’“‘;‘ o 'h_“ wake) rredic e
cation of their choice with the words.  “1f it is assumed that the | 3{ Possible effects of cavitation on penadic propeller
SSPA vibration criterion has general applicability. . “ete In 0ads _ e
my opinion this assumption is not correct. This criterion has ‘ ':‘ Pussible effects of the free surface on petiodic propetler
3 1 on experiences with ships without fins and therefore  Inads. o o
heen based on experienc p 5 Inaccuracies (including inaccuracies in model wake
5 Maritime Research Institute (MARIY), Wageningen, The exr-rimeuts, propeller loading calculations, shafting response
Netherlands calculations, bearing support stiffnesses. etc )
Causes and Corrections for Propeller-Excited Awborne Noise
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The anthors agrec with several of the disussers whio suggest
that the enpincal multipheative tactors are overly conservative
Conseoy ative factors of satety are reasonable engineering tools
o dong as they do not lead to othier problems. Unfortunately,
this did niot turn out to be the case on the AO-177 - The authors
il endorse Me Noonan's suggestion that the empinical
multipheative tactors shoald be carefully reviewed and relaxed
4 appropnate

As dis ussend 1 the paper. the suthors agree with Mr Raestad
that the accuracs of predicting bearnmg forees as low as | per-
cent of the time wverae thoast spesr - However, it felt that
peaodi beaning torce caloulations do vield w reasonable inds-
cation of the relatine pertermance o ranking ot ditterent
candr e propellers ddesizn options . Phe uncertamts an the
calcilated penodic beanny forces s considered i the empineal
Factors of safety as discassed o the preceding paragiaph

W o e waith M Ruaestad that the beanng torces o
turns andd steasebt ate o e csentialiy uneelated becanse the
wahe pucterns ane ompleteiy ditterent tor these two cases
Flowee ver e waahe data are not i veneral avadable o tarns
the toomum seanng forces i tuens we empineally estimated
tobe e tunes the manimen beatiog forees i straiebt-ahead
TR

M Hammer tased sl guestions regarding the propeller
dester He states that Uae real svablain o this case s the hall
whieh produced thos et wake e which the propetler must
opertand the propetler machimery studies which dictated

vers b allowable Diade rate bearnmy toree components
Fron, vae propeller desizner < pomnt of view . the aathors cer-
tar . aree wath thic asesment However trom overall ship

desies s pornt the tocy omore compheated

Pl desercbor AO 7T was completed eight vears ago
1w tesigned prnaciy o bieh propulsive etticieney which
coatlo b pereatibied eroseh modelexpenments Tinswas a
repn s ement u:\p«'\ni on the Gestzn Lo DiasinmiaZze range

It recognsed tha s badl produced asevere wake in
the prepeller plane Howevee at the time of the hall desten
there woas no rehabie valelated technigque tor predicting pro-
peelle renced Bt aba anon and arborne nose, certaimby none
that was apphcable teoa biehiv shewed propeller. or to g
wrer haded prepetler s However st was mdied  that the
seon ol high shew and generous ip clearance G360 per
centob dameter on the AO T would minmze the likehhood
ol the wc probdo s By tact the YO T as bendtwathont fimowas
it o o the Obdien pomt of view bot sutfered from

coml g

Tabie 15 Blade rate bearing forc
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Fig. 52  Comparative shewud propeie:

evcesive noise It remanns the Gttt e b
the shup had ananskewed propelie:s it senc nenabe s
bladesand wdentieal other patamiete rothe o v 0o
tion A“li IS \\t'!llli ll' HANLIEY h ill\ﬂu i '!‘.\H MY e b T o
the AO- 177 wath the shewed propelles s event e el
designers selected a known gaimom prop alsoo e Heeno o
reducing an unknown sk ol problece e ceed wo VY
vibration or nowe

Mr Hammer cited three highly siccestoidewed e e

applied to merchant ships - These propelieis g e ve 177
propellor are shown i Frg 32 wath s closee Al e
merchant ship propellers were desiened VD ITNSRI .
esentially the same techmgues and plade oho w00 i
the AO- 177 propeller destan . However tho wabe et

severe o tin

mty and beanng foree requirements are n
AO-17T 0 These propellers exhibit aoswade vaneny o et
based on tine tumg of the propellens tethe pet Do ol
design requiirements The primany depesone st b v 077
propeller from these designs was the nse ot se oo blades ot o
smaller diameter Seven blades did not directhv foad e b
letns on the AO-177 rather the short chords e a vhe te bl
are a byv-product of the high numbec of Blades g b
quirement to avoid a pomted trahio edue nea the vy o
tnibuted to the wirborne nose problem

Table 15 hereswath compares the Blade trevsencoy by

as on comparative skewed propellers

. - [

A0 77 !
. YRt “""7 . PRELIMINARY SEA AO 177 SaN
umITs pf“);s '“‘“ REDESIGN  BRIDGE MAINE REDESIGN (e pypy )
PELLER o obeii ER PROPELLER
i . N . *
I
"NLMBER OF BLADES ’ 7 [ s 3 5 ¢
| SREW AT TP DEGREES: “ M '3 ) » 0 7
' !
| OO RLADE RATE THRUST |
! STEADY THRUS! 10 09 o 24 ‘e 19 05 1
)
1008 BLAOE RATE
VEATICAL FORCE LR 03 " 04 18 13 os
H STEADY THRUST
100X BLADE RATE
5] 0r  os 2 on
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i
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ALl VALUES CALCULATED BY METHOO OF YSAKO!
DISTRIBUTIONS WITHOUT EFFECT OF CAVITATION

NAS ET AL' USING MODEL NOMINAL WARF
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toree requirettients tor the AO 177 with the caleulated blade
trevquency beanng torees o the AO 17T propeller. on the thre
cases cited by My Hammer o ther rerpective design wakes
and on five and s bladed propeller design options tor the
A0 17T Allcaloulated s alues are based on the procediies usd
tor the AO 177 propeller desten as discussed in the paper
Table 15 shows that none of the propellers exeept the seven
Bladed 8O 177 propelier meets the beanng torce requirements
mposed on the AO 1T propelles design Thas stlustrates that
the severe beanng torce requirements drove the desen o the
A ETT propeller

M Hamimer ashed what wonld weedo ditterenthy b we wese
dessgimne the NO 77 today wath benetst of tdas s know ledige
Basteallv . we would do theee things ditterentis

U Diesien the hull wath o butbous stern, as diseussed By Ay
By ers, to produce a more anitorm wake i the propeller plane
ternatively . wse an open stern hull desien topecad of
easting £ 8 Nany aunlany and combatant ships whose i
Yull wakes are very mid

Ake o chitrerent tadeott between o hall deages ton

mavansn piopibine ethaency and one desizned tor redeced
riskhs of vibiation g borne pore and cavitation etosion

Vo Inerease the mavmum alowable blade rate beaninyg
torce comprenents wind design a five bladed skewed propetes
i th(‘ i'.llN.I

Me Honeet ashed whether the predicted resonanee mthe
copndaon aatem at I which elimimated conaderation ol
As dincised
i the aper e trabs i ated that tins resonance oceureed
s O H e e to e Plasrather poot prediction of

Cescteoty e frevnenoy o prnnandy due to bty Gadegquateh
L

s s viaaed

aan Bladed propeller swasobsenved w the tralds

prcdn Sottnes b the bhoanng sappeort an the Jdesien
L

Pty tessor Hadlor stated sore of T desien eaperience amd
tesdei ey hiatam technggques wath us i s discussion Thie
corthie Much of his evpenence w sl
foonn s discnsed i the paper

et ws Hodler and M Braene ate a general purdehne of
v alues of Crber near e p tor reducing the hikelihod
Ao eaten eroston bent trachng edgess and muommad fus
et of Blade treguenes bl torces Thisgudehne i based
TEOAPeTIETNCE W whunshewed pm|k'||vr\ However.
the relatively bigh value of camber 1o chord ratio near the tips
o the AO TTT propeller odue to short chords rather than hagh

Parther these are sigmbicanth mfluenced In hitting
Cotrections dne to shewso tpreal values appheable to
mskewed propelicrs are not necesanty appheable here

Protesor Hadler recommended avording o pomnted tral
i edee pootde near e tips Ponnted trinling edie probiles
aear the s were unasordable on bath the ongimal and redesen
propeliens on the AOQ 17T due to the severe bearmg fonee on
boother the thiee sheswed propelier desiens diseusaed
A FLomier see Freg 520 had pomted tranhing edge probies
sear the tps wicheat sigribieant cavitation etosion propelier
indnced bt o propeiler indsced airborne nose

Mo e i cotrecthy commented that the diameter of
the AO 17T propellen is dess than the diameter for optimam
propabive ethiaeney  The duameter jor optumum propulase
Chcencoy T0m 23 e and the cortesponding optimum o
tational speed FO rpms were selected dunmg the prebimman
desizn staxe. howeser the daneter was reduced to s 1. 210
Hoadonng the detaded desun stage to meet the beaning force
crteria Calentations indicated that the smaller diameter
wonthl canse mmgnthicant loss i propulsisve efficiencs and the
aaller dhameter resulted o highter propeller with farger np
earance The reduchon geanng was fived when the diameter
was reduced. o the 1pm conld not be mcereased 1o its optimum
valne tor o 6 w20 0 dameter Howeser, calenlations

anthore thare tm

FARTARRS YR

bt

NIRT

‘e

showed that propmbsive eHcienoy soinsensitive te bange
design cotabzonad speed trony 100 fpen ta P20

M Pakehamue sapgested hagher vaioes o propetler ex
patided aren rato than that need for the AO 1T propeticn The
blade chotd leagths at each tadis on the AO U7 propedles
were determimed by analvaas hased upon Blade sechion casita
tion buckets  The resslting evpanded atea ratie 4,
checked agamst mimnuun eoteria of Burndlaond bosecan 5
for frecaom trom thrast breakdown and of Vinderen and
Brarne 18 for frecdon from excessive vt etoon
However Propeller v evaduated at SSEA wnd thee procgesed
redesen propeiler bud wider Blades near the fpe e citone
leher vdues of vy 400 The valioes of Ay 4 e e b
Jows

[

Propwedler 1o\
Ao T [T

Propedlon A N
Proposed redestgn tor AO ETT N
Value snggested Tn Mo Lakehun [

Wider blades man help aleviare the pooblems it v caneed
o the A 77 howeser cate mast be evercsed tooavond o3
censtve bBlade width becaise e tessitiy Dl oowadth s ases
\‘H'.twl‘ \\(‘luhl Hnlxnnn'\l cend .m\! 'nlmn'\} P |<':!~»\: ol
Grerioy due tooancteased viscons dray

W turne o tedisanssion pomits telating to the popelier
iduced exatation paesares shiporesponse aud anboasd oo
aind the slternative B designs

Mr Burne awd M Novian evpresse: s nntennatn g
conicering the fnet! LLII"('I \x‘»l.mwn aned ln(.li“'ni
nthe troabdeseme compartmente ot e

Haation

E e W

1
atttee stch it wontd he et L and s g e it e
mation  Howeser estensne Joval comipartmient vba i data
do not eust and untortunateds the bl cieder baaty o data
for this Navy shipare estoec tedd Nevertheles 0 s benoted
that the crocl vibration coreponeats measared atthe aa!
teprosentative lovations sucieas the vertioad amphtades at fantal
centerhne on the ma deck and the horzont daephades a
the top of the dechliouse wene found te be acceptable anterne
ot both the U s Navy standard and the ranges tecommended
by the Tternational Stundards Orgainzation see 1o cvanple
reference Ih
conmdered to be eveessne

A Barne's recormmendation that the mcan vadoues of the
third blade rate hatmonie of the measured maodef wde pressirne
prbe amphtudes be used for best correlation wath the obaerved
Changes i very low trequency tull soade mitenen nose s

Theretore the gaden vibratieop dovels e it

teresting . We believe that wrehable empune s trend b
g an mtenio: nore cortelabion should be estabdished s
umerois exatnples not st this one cas
that there are very few published dndies involv i itenion nois
eacited by the propeller We have coneentiated oncndaine
the |‘I«‘|l.0|‘l(' merts of our vanous cottectin e opteoris Tusesd on
the relative levels o the pressure pulse amplitides

lo answer to Me Brene s suggestion about the posal e wonree
ol interior nose, we believe that v uelikely that therc e
sutticrent loose bulkheads detached srmgens ete toeevplam
the widespread occutience of inbwoard anhore nose i the
AO 7T asratelimg tesponse to dow bregnenoy vibnatoen

W e are farther mdebted to M Brane o bes data on the
Litge pressure pulse aimphtudes that mas accompansy propel
ler hull vortey cavitation for o propedler ima duct

M Raestad vgquured whether the charactenstion of expected
superstrictare vibration mthienced the Chowce o number of
blades  Thete were numerous check caloulations pertormed
on the natural trequencies oF by pical panels and substiactures
Jocated throughout the stern o the sbap, hot edinnated sipes

W oheenve
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Fig. 53 Coempanson of measured blade 1ate pressure pulse amplitudes with compute § vt oo Doy T

toac e cesonan! Pecstence were not direethy considered m
B et desien Previons Nan eypenence has shown that

wee et o Blades sech s bour or five. are more likeh
ot e e abres slong these limes Two resonant

e e e deckhonse were abserved during vibration
o e nrncdited ship o Teeach case the response was
Sy e taned and evenatter the vibration levels at the

oo e e wbors were atlowed tobuatld up to peak response,
e aaplitdes were vt mdeest evcessive. as ovpliamed ear-
Tret

M et ed norcd tat cadcalations o pertadic pressure
anphe v carned nnt by Dadand reported in reference
ot e o T taathont and wath the How -aceelerating
tie T toweere te mecndedi Fue 39 because only two
St et tet b the Jongitndinal iiterval covered In
R v e the bocdd tend s et clearls detined
Voo s eraeaon v orrected wath Fig 330 which shows
et gt blide rate pressare amplitude points for

aie e andecmparson with the modeland tald scale mea
et o nded o nves for owo meastises of the model
ke et he msean of the lnghest 5 percent amplitudes
Pt e sand 2 the maamam osallograph val-
i o aared vabies talt below the mavimum osallo

sapd e dedd wales tar both swatheost-fin and with-fin cases
Vot ol o i the avreement between the DoV com-
Candd the Brhest 3 pereent cuive s eveel-

Pt iy b
Lo

A b abadas posted ont that we did not imelinde eom
Parie o e taeen patterns of caleabited and model observations
st caataron Alhough mteresting and potentially
daetnl these comparisens bave not been presented becanse of
the fcscth of this pape s

AW b el endorsa thesdea stated by Mr Raestad and Dr
Kaapho et ther o diting oeed Bor earls stage gindance on
Hie possdnlity of unsteads cavitating propeller excitation
probfems that condd be provded by analvtical predicuion
whetes vach e s descnbed brietho m Appendin 2 At least
v the U8 Ny desszn commumty the evpenence with the

AO- 177 has added an impetius toactoties sharted saome sears
ago to uprade capabiity and atat tresb dioections ter e
search in this area

The use of the term “arborne aoise 1o describe the fose
levels detected with a nucrophone acd percened by the ean e
the intertor spaces of a shipoontorms te U S Ny practe ¢
Thue, there scamphy a semantical difference bxctween tis Laled
and the term tructureborne nose mentioned by Ay Ruaestad
to deseribe the nose level measored nas transmatted tethe
compartment by a structural path - Perhape o better term
might be interior nonse

Mr Takekuma questioned whether it was nconsistent tht
airborne nowe was the donnuant problent on tucship vohile the
pressure pulses measured mothe modet tests dhowed that the
blade rate component of periodic presoare was Larger than an
of the higher harmonic components The et that the mter o
airborne notse levels maead of hull vibation was the man,
problemim many atter spaces of thisship wasaimply anate
of measurement and companson with allowable crtena We
see o reason to suppose that e abioiute Jeselc ot the hignee
harmon frressare pu,w('('m(n"n niy wan those e fange 5i
Hz to 230 Hz need to be Lireer than the blade rate lovels in
order o canse excessive intetior nese What s olved here
v a comphcated transmsaon Mocesthar depends on the tre
quencs -dependent impedanee  haractenste ol the stictine
and the detailed nose radiation properties ot the boudanes
of the compartments Withoot detaded cand very expensaoe
acoustoelastic cabbration of the ship Wwe can sav about the
particular composttion of presane pulas spectea for the AQV DT
i that the higher frequency exaitarion levels were lange enough
t canse the problems deseribsed

Mr Takeknma pomted out that the net improvement of
overall sip propulave performuance with the (low aceelerating
fin installed (compared with the no in cases seems to hinige on
a noticeable merease of the redatnve rotative etbicienes g Pl
applies only to the ballast condition wath the Lallinmmed 1004
m 375 {0 down by the sern Changes i the prepubave i
teraction coefticient gy are obten dd boalt o underctand and

O and Cartections tor Propeller-Excited Auborne N o
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aotivate Bothe cuse there aee changes i the three selocits
component satios o the nomimal wabe, comparing the ballast
condition with the ta!! load condition, that may explain the
dipresenent awnon Wathue the mam wake shadow | the Vi )
vibies for the bl comdeon are mereased and wake extent
~ broadoned st the tngential gradients are redoeed
computed et the calocts patterns of the foll load condition
Starh the peaic b the Vo Vognd Vg Vovanations versus
crrcunttere ttea aagie are tedhicerd for the l);l“‘.l\l condition
ceanpated woabo Overall then the velocits cu

cumibe teatoad 2 atients are Jdinanisbed i the ballast condition
wake treld and thie somew hat weakened sheated How pattern
g the Jareer gy trend i that cond,

A

Conhd b et
Lot

Mo Jahchuma cvitessd coneern wath the wide band
measurements of presire pobe amplitodes displayed i B
IV The scatter rorectothe Character of the observed pressare
sienaby Thi e oo partbe attnbuated to temporal vanations
atare heca n b present espectaliy i tull seade measar
ents A cagh e dote shown here exhabt large scattes
which v cather nosc " ne teoas as well as to Mr Takekum,
there sre othe t ex vepre ob measured pressure pulse data that
dhastrate vanabaits forimstance, the measurements 1eporte |
b Helden oo b e W e hoald Be advsed Tor tuture e
Serersweork o spie the dadamastoeter statistical man
tet s bt eny nde ey alne wdentified. along wath the
sarndind eyt and e extent of masaimuni and sanunnm
Ve s

Dy Naphe g bunt about the use of the measared
[EERENTLIITY Hographoonphtude of Hectuating pressure to
the comparsen with the anabvtical resalts is well taken For

crnte ot shiowia be octed that 1t the maximum amphtude of
w4 agnal that has been displaved in these
Nevertheless we agree that the mean of the
Hoabed 5 pencent valie determuned from sequences of Fourer
arsibves e each tevohione s better chowee and 1t has beer
snevested average value tor correlation
ontpeoses crche s ot severshinsestigations by SSPA - Frazuees
Sreand oy present e miean of the highest 5 percent ot te
el pressnre ainpliades thad mas be directh compared sonn
the anabytioal preodi tioce shownom Fig 39

M Nvonan casmented that the mam eftorts of the program
cathted i tus paper were directed toward the wdentitication,
vertheation and reducnon of the source of propetler-excitation,
and ot ennfasacal nore reduction methods This was cer
W e chose both wake and propeller modibica-

Vi 1t most likely that the avalable
none tedactor sechagues would hase helped little or not ot
dhin the dew Pregoencos range that characterizes the worst nose
ievels of the AO 7T There may be swome additional gains that
could Be i aae By el ively stittening certan structural eles
meents v the abte past ol the shiposa order 1o alter the suseep-
ubihite of the Lol' to the transmission of vibration energy to
ttenon compatiments AMe Noonan also argued tor entena
tor evabiating the s cbace foree aspeet of propeller exenation
ot proposed desien and we certaihy agree In fact, because
of the AO IT7 ecvperience we are trving to fill this need

M Noonan reguested cominent on the correlation of cavi
tation inceplion fron model and tullscale observations  In
ception of cavitation isaaty refers to the velocity conditions
rpm and g cpeed at winch cavitation of a particular ts pe
first appears  Fuception byoatself s nob an issue in the present
Stuation Tnception of cavitation ocenrs at much Jower speeds
than the revame of eveessinve exctation whichas a result of fully
deseloped sheet canoty How experiencing peniodic mstability
and collapae The important cavitation scaling aspects are the
witling of the caviny volume dynamies and unsteads cavity flow
patterns s they relate 1o the propeller excitation levels Dy

Lo
the tude Tt

M LS ERYRRIRMAEY

[STRNARRIRY

g |

tainhy the Case
T alteriatines

Stern b expressed mterest o thos latter isae - Conciation o
inoded and ful) scale resaftom s area s seny complioacd
inolving topres such as seabing moded to full wOade wake the
boundary condition simudated by the tunnel s eiling ainbaene
How quahty aond air content Onthe basis of cavitation extent
and general cavits appeatance the water tungel resalts oo
relate iy well with patterns observed tull weale The nost
curtent discassion of the subiect of correlation s ith Large w e g

tinnel evperuments isgiven by Breshin et al o0 hegantess

of the v ssoent of e abnodute leseis ot prressue e et
P SSEA we have vaterpreted the resadts of the water dan
tests trom g pont of view of relatice magintades oy s
detined the b Chowee of wdesizn option onthe Yass ol bes
teiative unprovement over the case of the wnmoditied 20
T
I Stern statend o desite for goore o bede peanen ot e
comntationat resnlts wecumulated nthe e o s prose s
W agree that this wonld be titeresting e Tasetud Untonns
datebe the dength of tas paper hinted the attentna e -
b viven to the anabsticdd resudts W hope oancbade amee
complete discussion of the conpatationad resalie g it
teference D this connection: DroStern obbered s comgated
results for the AO 177 unsteady voliime veloaoty i edinated
W thanh bim b o ot

pressute pulbse atuplitudes
o

W thank Mre Brers tor has thooghits on the steps b
Aertahen o avod the recurrence of probilerms cinlar v the e
enconntered by the AO-1TT

The details of the Tin stractural deapen and tie foeoneradbe o
proveams provaded by Messee Arnton Theda and Tk e
Cortaiiis el and anmportant addition teotdns paper A
thunk these dinaissers bor the iciinai ke

Prot Breshinand Dr Mokee presented caboalations b the
AO 177 withont b brom the combanation of dompater pr e
wrams frone MUV and DEOSEE for the canvitating, propedier and
bedld-propeller imlesaction analvse respectinele They prosited
Goanpat s between the |vn'1hx texd pressure P .m\‘\mvu(n'\
and the mean ot the highest s percent amphtudes geasared
the cavitation tunnel st SSEPA
that the average of the 3 percent highestampleodes s poot abiy
Mo tha &

As noled prrey sk w e

the preterred expenmental goantity for correlaton
the discussers tor this additional intormation

Dr i landes rased some sterestingg ot and challengng
gquestions Based onndormuation avalabie i the paper com
ferred from by expenience be sugaested wotecrdenine of -t
correctine ophions for solving the probles of the AO 1T He
renterated the wdea that for reducm the levelonf stenen seose
any design modihication should be directed tosward the e
ton of the bngher harinomes ob the mdiae ed prosaaee peaia
We have previoush stated thas wim bt we shondd note v
other considerations also pl.l\m‘ arobe e the fnad Chore o b
desien
fin contreurations. we mchade bt Y he pressine aiyg

Toshied more hight on the ottt on betwern the b

ot
spreetra measared at the torwardmodt ot o v center

hine - tor the anmoditied hulland for cachot the foe ot
lll“—lhmrr tull load condition These carves
model seale pressure pulse levels orms evpressed nodB oo
the frequency for the model seale
redable up toabont 1600 Hy o Here we see shat bt e e
daced the genetal Tevels of hiather frequency g esine priles
In the lower frequency tange up to seven tanes the blade e
Treqquency 2 Hz tufl seale the tunned fin pooduced the L
reductions but tor the ugher barmaones the becaer tedi thane
were assoctated with the How ccelenanng 1 Froon thas
comparion we feel that vether T o Clear aapenons

considening the entite fregquenoy range of mterest B appeears
that esther fin probabhy would bave redaced e mhoand
nogse

fopies 1t the

These data ve coterdered

Causes and Carrections hor Propedes Ea dedd Auhor e Nowa
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Fig. 54 Mode! scale pressure amplitude spec

tra measured at torwardmos: tansdueer A

comparing cases without and with 1he two tipe

Moth recan o the s e o ob carrective uptien there was
sobisten tned B choose e that could be mmplemented
roeale dineovpersvels Snce i ton designs were reads
Sy e trae et the cavbation tinnel tests a b condd be instadled
cothe st basten than ans cther option 1 the chonce had been
S nropeller stwonbd have regrred approvimatels one veat
fotnge s b aoverihed desen nodibication reads to be e
dled i dhip The better pedformance -0 the tHlow
Ceterating tinorelative to the tanned o reducome blade rate
penicdie pressures especnalby ferward and attor the np plane
wats the Prim l;'r.li »Al‘viN'Jh“L feature Secaedary .nl\JlIl.l\L('\
e bt the thaaceclerating fros smaller. hiehter and cheaper
tecbrabd and rstdi it added drae camalier s well Ot
onsng the SSEA crtenon bevend itaoimtended seope huliv
Dot eprebably sihied here bt we behieve that thicen

tornen cortedtlo mdieated that there was woereater margin of
safety toravording posable bull wirder vibration problems waith
the o o ederatimg b tharowith the tunmel-fin More ag
todicantic the tloas weoelorating 1 prodiaced e blade rate
piessure amphtndes over the tip whode the tinmel fin produced
dughthy bugheo values mean of 5 percent tnghest anplitndes:
Smpared wath the case of the nnmodied alt I beht ot th

P T o P AT TR e

4

Hbartdes s arstnent abont the desirsbulits of Lt redueed
pressure pubse anphtudes wethoa b presamablv over the ap
1 seems ditbonlt toustaty b conv e ton that the tannel 1)
would bas e been sach ai oby o better Chonge

A thies conadered we telt that the Chiee between the b
B was rather chine T perbaps anacadenine pont ance ta
fodlseadv fines adiatnor tond shswed et the Hos gocdletating
b was g satistactony and sathaent correction o the probiden
ot the NO AT

Avamm the aathors wish to thank b ol the disessers B they
agrhcant contihuticns to this paper
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