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CLTeA Provik Paoeilles rog ErECeT Sies

CLT: A PROVEN
PROPELLER FOR
EFFICIENT SHIPS

Superferry retrofit boosts
SISTEMAR CLT credentials

MY hartaoms aee opening up Tor the Spanish
CLT Contracted wul Loaded Tipy propeller.
This follews the most recent proaramme of
mvestigalive work by o consortinom made up of
the CLT designer SISTEMAR, the major Spanish
aronp of shipyards Nawvantia (Tormerly parl of
LA, Bl Parde Model Besin (CEHIPAR). the
specialist in wihration anelvsis and Tull seole
rrcssiremenls, Téonicas v Servicios de Ingenieria
(TSI, anid e shipping COMPany
Trasmuediterranea. Fellowed By the retrofitting of'a
set ol CLT Blades to the Trasmedilerranea
superlerty Fovfirre, Althoush CLT designs,
desigied by SIS TEMAR (oday o dew mamber of
the Cinranaval-Defoar group ), bave been arounid
frar mame than 30 vewrs, thedr toe scceplance by a
conservative marine medustey has always been
held hack by diflicolties in exteapoluting the scale
elTect ol this tpped creation: model tests have
clien revealed very pessimistic resulis, s
pmasking the most attrachive Delpower sevings
thar can be made.
On three previous  ovessiong,  Dhe Mol

dreditect has reporled - inosome considerable
el - on beth the desipn ad iestallacons of CLT
propellers (Feboaney 1997, page 3537 July/August
190, page 217 and JulbyAvgust 2000, page 30,
Setwithstanding this, sucecess with the recent
research project clewstes the ssga ol thiy
innovative desian oo new level, Since 1970, the
CLT has been evalved continuously by Or
Clomealo Péree G, whae first postulated the
achvintages that could be expected from this tpe
ol propeller. Propellers were designed using
SIETEMAR S twn New Momentim Theary and
e Mew Cascades Theery,

Up il now, CET prapellers have sudloned o
major commercial disacbeantage, due o the Tact
that the performance of mode] propellees 5 not
simnilar e the performance at ol scale. Scale
clfeers could nou therelore be suitally evaluated,
vl the Nirst CUT propellers were designad only
uging the special theories develeped lor this
[HITTIS S,

T spite of numerous published fechnics] papers
pramoting the advantages that could be obtained
with the original prototype TVE propeller and is
suceessar, the CET, SISTEMAR can be sad o
Irave erossed o lechnical and cornmercial deserr
bestovsen 15976 o 19497, l}ulring_ that thee, maest
el Basins,  shipewnéts, and o propeller
anu facturers < with some natable exeeplong -

loaked extremely sceptically af che propetler,
Mevertheless, an carly projest was the (9794
retrefit on the 35 ML hulker Sokarrd
Although  that instablation was nee towally
success Rl i nedoce propulsion poseer by 10653
and, with the help ol twa Tins, vibraton was
larmited.

Sistemar was able to make such a desert
crossing becanse of s own tath anld becanse
sorne owners did react positvely o the LTS key
attrctions - o inprese ship spesd. oredoce el
consumption, or G reduce noese and vibration,
Suppuerlers have meloded Maviera Petrogas, Flota
Suardiaz, the leading Spanish Terry operator
Trasmediterranen,  Ership,  and  Cargill
Intezmational the later's ships were Tealured o
The Moval Avchiiect's 1997 and 1995 arbieles),
slao ahipyards Undon MNaval de Levanie aed
Astileros de Murneta

Landmark comparative sea trials

One important landmark was. the decision, in
1995, by Carzill International fo reguest frvm the
Spanish shiphulding group AESA (eday ey
regrronped s Movandia) that one af fwa sister
L (0wt bulk corriers under constroctaon at e

Puerto Feal Shipeard wos e be filted witha 01
propetlen. Sea trial resolts, published in S Seovod
Avchitecd February 1997, showed thar the ship
[iled itk the CLT propebler 1Cflerakes) regquived,
for the same ship speed, around  12%0 less
paopulsion power i her sister Camarele. Asa
reault, AESA beeame convineed af the superiority
al G propellers peer comventional epes.

Later, Cargll Internntional, which had alicady
known e Bepefics of CLT propellers alter an
carlier reteolit (o cure vibeations) on the crange

juice carrier Behedome, ordered a rerrofin C1E

propelles for Chevodees sistor, Casianehe, and for
ather ahips s teet oche SMLO00dwt hulk carriers
Powdherere and Perneeey, Comparative resolls of
sea teials with Paiwes (conventional and CLT
propelters] were published i S NMever! Avcfieor
(VT EAr TR TE A R

[hespite these success stories, CLT propellens
weere stll repected on several cocastons dus (o the
difliculties inkerent to the extrapalation of
cxperimental results. WNeverthe less, ss a resull of
those sea wials carmied oot with Chemges, ARSA

seriotsly contemplated the pessibilivy ol installing
CLT propeilers enoall e Toture protonepes,
Therehore, a decision was made w iy and e salve




o o

oo -
e B

o

S v
- R L Ik

H 1
ATILLLLL] r

T

annian

i O

Wi :_’;‘H‘W:-s.“ &
SR
po

o

UL LR

Trasmediterranea's 2001-built superferry Fortuny, which has been suffering from severe propeller-
induced vibraticns in the off-design condition, has recently been retrofitted with GLT high-skew CP
propeller blades, The project marks a now era in the evolution of the CLT tipped design.

the eorrelation prablems affzcting this design,
With this aim, AESA proposed wo CEHTPAR and
SIS TEMAR that an R&D programme he
fraciated an the correlation procedures,

Procedure for extrapolation perfected
Ak onresuln, betweeen 1997 and May 2005, four
tensve and consceutive R& D programmus,
spiie supporied by the povernment ageney
Ciereneta del Sector Muval, were carcied oul.
[Frings thisse vears, AESA (later EEAT and now
Mavantial, CEHIPAR, and SISTEMALR waorked
intensively inoelose cooparation fo ebtain the
mewest mosl ocritical and most satisfactory
HESTTIES

= aonew procedun: to earapolate at ol scale
the  resules ol propeller open-water
il fests

= nomethod e detecmining the parameters
el cavitation wests with CLT propellers (the
normal procedure nscd with conventional
propellers is not suitakle Tor this tepe of
pped propetler),

The conclusions ol these series o R&ID
prijects were appliod te e medel tesis carricd
catl b checls the performance of Fortents CLT
hlades.

I acdition, new design features for the
propeller emerged, while the extrapolation
methad will now be able w be mcluded in the
Ingernational Towing Tank Conference (1TTC
) list ol olieial procedunes,

Braeakthrough with Fortuny retrofit
Alizrther ke breakthrough came with a decision
by the leading  Spanisho lerry operator
Trasmediterranas ta retrofit CLT blades woils
superferry Sy, boill i 2001 by AR
[Fuerto Feal vard, This ferry, operating Betwesn
Walencia or Barceloras and (the Balearie 1slands,
wars sullering from severe propellerindueed af-
end vibration under certain low-power aff-
design conditions - & phenamenon well-known
o naval architects, After the retralit o Linion
Naval de  Bareclona, the  wibration  was
cornpletely climinated,

For this  particular projecl,  geomelric]
detinition of the CLT blades annular sections has
been carried oul nsing a pew mean line, also
tleveloped by 515 At Thisis characterised
I the Bacl that its stope at the ailing edpe is
slightly higher than the one camresponding fo the
MACA OEM mean line. This line

Tmn

conlribuies o increasing propelles eflicieney and
Lo menenising cavitation extension at the blade
suction side, with conseguent reduction af
propeller-excited pulsepressure levels. Thiy
panmetry 15 also expected o be employed on
future CLT projescts,

Levels of global vibration which appeared
during manoeovring and reached velacities of
T hmmvsee were drastically reduced, With the
pew CLT blades, cast by the Santander-based
manufaeinrer Casuso Propellers, the cquivilent
vibwation was only 2ommsec. This redoction
has been critically imparant, becase in the case
of high-skew conventional Blades there exists,
bath in the moedel Geld ad at full seale, 2 wide
Fand spectram of energy distribution pver
frequencies. Checks have been mads that, with
the CLT Blades, this peeubaricy now exists al
neither at medel scale nor ae lell seale.

Caonsiderable fimancial essistance with tos
prrovect, particularly associated with the rmkey
manulfaciore and installation costs, has been
prowided by e Spanish merchant bank BEVA
Trade, which has wide expericnce in maring
prrojects. The cight hlades were cast, machined,
and delivered by Casose inoa very short time ol
three months [(Movember 2004 w0 Fehroary
MUKy, the original hubs and shalling were
retained, The Farere CLT Blade design and
mnulacturing was approved and certilied by
Burens Verias, The ferry's class society,

Impressive reductions in sound
pressures and required power

I manaeuvring conditions, the evel of sounml
pressure with Forva's conventisnal blades
reatched B4ABiA); with the CLT blades, values
were in the range ol 60dBEA) Readers will alse
b st interested to note that, to dae, ot design
service specds in the range of 2 lknals-
2ok Sknots, Fapnery has vickded povwer reductions
al’ more than L%, while al speeds below
| Skenads, thus fgare rises woon remarkable 2000
In wiew of these excellent improvements,
Trasmaediterranea  is seriously considering
ordering sl ol CLT blades Tor the sistar fary,
Soerpaffey, huill by the Barveras yacd in 2001,

CLT blades for new naval supply ship?
The suceess of all this RE&ED work has also
resulted ina hoped-Tor signilicant contmel from
the Spanish Mave, Mavanting the recently hived-
ol mainly military arfn al’ Spain's natianalised
shiphuilding ingdusury i_-!'r:-rmcr!}' aroiped nmders
AR considers the UL design as being of
i

strategic iilerest. One of these propellers (CP
Py o cast in cappet-nickel-aluminium alloy,
as are novmally all CLT designs) s now,
hapetiadly, o be Atted te the Spanish Mavyls new
BAC doubic-hull combined tanker and Deet
aupphy shipfanker Cawrabeia, This is being boill
gl antfined jointhy by Navantia's Poerto Real
anel San Fernanda vards, Madel wess have been
already conducted, and a power reduction, al
conatant ship spead, of aronnd 103 2 predicted
weith the CLT blades.

Mew possibilities in the patrol boat
sector

Aparl o The news Spanish Navy supply tanker,
ather interesting opparmunitics may be opening
up i the pateel Boat seetor, wherd CLT blades
could offer henefits in the varinhle speed
conditions under which such cralt operate,
Adready, af the reguest of the Talion Mava, the
Spanish Mavy and the Tnlian Mavy have decided
fv ey oula jeinl RE&D project (ad the Bl Parde
tank, and at the INSEAN and CETENA research
arganisations in Malyy Fincantierd and Ravantia
will also participats in this RED project,

This worke will  messore and  evaluate
difterences in the perfonmance ol a4 series of
twin-sere (O blades) Halian pateol boas with
pptimum convertional blades and with CLT
ooes, The lead vessel, Cigala Fadposi, hasg
alveady had abaervarion windows Htted tooats
[, dr an attempt o And 8 soluton o te e
prahlems as the Trasmediterranca ferry: severe
prope] ler-induced al=tlesign
conditions, This Ré& D project will inclode, in

wihration i

acdidition (o comparative foll-scale spead trals,
special measurements of ull vibraticns, noise
levels, pressure pulses, and radiared nose,

Optimism for the future
Fhere seems lice doobu that o new era s opening
up for the CLT propeller in several 1vpes o ship,
perticularly whese ship size and speed are
increasing but where deadzht remaing the same,
Ferries especially fall into this category, calling
for bigh propulsive power densicy with high-
i propedler hlades, In off=design conditions,
propetler-induced vibration s highly likely, aml
the CLT tpped design, due toits special madial
lading distribotion and the resalting pressune-
force dhistribution on the Blades, can provide a
posilive soluticen, while also lmiting cavitaion,
Adthouzh phyvsical manulacturing costs for a
CLT propeller are, unsurprisingly,  higher
fhetween 1% and 23%0 than for a conventional
mtel, the propeller diameter will he smaller,
ane the petential Mel savings at the present
crishing fuel prices, highly aitactive - payhack
Linee for o newhuilding con be anly four months
A update on SISTEMARS  newes)
achibevements will he repoced to the Warld
Maritime Technaloazy conference, ke he keld m
Londen next March, also te the Spanish
Association af Maval Arvchitects and Marme
Enginecrs, AR

Mot Srame of e reatesial e appeazs in this Special
Sappleinent is calzacted From te poper Seale efizos in
el teats with CLT propellers, preséniesl by varlons
wathors Tro SISTEMAR, CEHIPAR, amd AR gl the
T Mutor Shin Macine Propalsion Conlerence, Teld on
Lz 27228 2005, b b, sponn, and coganised oy

winloy, Fonl BRA #HLL U,

Iihbiry Husimess, S
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Model-test and full-scale resulis

1T 1907, several series of inense R0
Spmjm:ls have been cartied onl fe oy and
selve some of e pecularities of SISTEMAR'S
CLT tipped peopeller design, in particular o
determine o method woexrspolate model resalis
1o full seale, since thuse hud genecally produced
negative  aml unatlroctive  resules -
notwithstanding that several progressive owners
haed showed the benefits i reduced power
reduirenents fup o 1036 that can b achisved,
Provress ta the end of lsg vear was reporied in
depth ar Te Mosor Ships 271 Propalsion
Conterence, held in Balhaa, Spain in the paper,

Seale effects inonodel tests with CLI
propellers’,  presented by oa leam from
SISTEMAR,  CEHIPAR,  and  IXAR.
Approximolely  bwe wears ago, 80 new

cpporlunily arese to examine these heliels
[urther wihen the leading Spanish fermy aperaton
Trasmediterranes sought help n atemplog w
solve severe oll-design vibeation problems
Cinduced by the vessel's origingl high-shew
comventional Dlades) in the ZE.000g Ferimny,
ome of lwo recently completed superlerries
operating o the Baleare slands,

This article summarises the newest and mest
sucoessiul work carried out in recent maenths,
Retrafit high-skew CLT Trlades are now o place
an e ferry, sl ineloded here are some of the
marst imperiant sen ials resulis, 1 Qs oo early
f report any documented insserviee results bul
Hhse ame expected Lo be wvailakle befone the end
o this vear,

Price to the full-seale sea trials, including
comparative trinls carried belore the propeller
coversion, 4 sel ol resistance, apen-water, and
self-propulsion tests has been carricd oot by
CEMIPAR at the EI Parda basing o the case of
e conventional propeller, the misdel resulis of
the openswater and sell-propolsion tesls were
extrapodated o fudl seale applying the ITTCSTE
rrnethad.

heee different pilches wers used o perform
the fesrs

FADH = 1L
Hak = 1020
HAL, = 0K

Fig | ahoaws the resalis ol the open-water
charactenisties, Thevaloes of SKand Skg o
extrapedate these experimental resules o full
feowere caloulated according with the
Formulae propesed by UUTC and then, i the
cage of 11D, the maximum efficiency chanpes
rorm ETAUm = 0612 1w ETAO = ald a the
anme | = 0L,

a0

Model test results with CLT blades and
extrapolation to full scale

The accompanying geaph (Fig 23 shows the
cxperimental resulls ol gpen-water prapeller
fests carried oul with LT hlades Foar three
different pitch ratios wsed to perfiem the sel
propulsion fess,

FLAy = LS
B = BLTT
P = 17
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Fig 1. Results of the apen-water characterislics
at three pilches {conventional propeller).

I thee case of the CLT blades, the
eatrapalation al epen-water propeller sty was
cartied out as expluined in The Adovor Ship
conlerence paper, amd then, in the case of M
the maximum elliciensy changes from ETADm
= .642 uten advanced ratio of J = QE30 1o
ETAD: = DTHS al ] = A5,

Coreelation tfactors used 10 the exirepolilion
were the same as in the case ol thoss less
carcied ont with conventional blades. For the
poaminal pitch in the design of both ypes ol
propller, the Tull-ssale poveer predictan can be
observed in Fig 3

L be seein. lbat ot constant delivered
pover, He speed predicted for the CLT propeller
blades is higher than for the conventionn] anes;
alternatively, that there is very good power
ooy ot constanl speed. Conseguenty. the
CLT propeller hlades considered
advantageous with respect 1o the conventiona]
Blades from the poing of view af the propulsion
elficiency and, after a check of their cavitation
Behaviour, it was deeided 1o procesd with
custing the full-seale CUT hlades.

WETS

Speed trial comparisons with
conventional and CLT blades

Fiend pesand wiath converitions! Wadles

O Febroary 3 2005, preliminary sea trials with
the  comventional-blade  propellers
perfirmed  oll the  Barcelona  coasl
sipmificant wave height wes between | Smeand
0. 3m, and the wind apeed between Tenoet and
| Gknata, Depth under the keelwas always mane
than 200m, The draughl was peactically the
sume as in Lhe leesing tank experimentil
programnze. The hull was clean due e the use
ol seli-palishing paine,

Corrections to the orials data, 1o oblain ideal
conditions, were carvicd out using the MARIDS
program, developed for CEHIPAR on the
cecasion of the C-29 research programme. Table
2 shaws the messurements during fraals, the
carrcelion  lor  differences  between  the
conditions o sea state and wind, and the wdeal
Qnes,

Lot i

The

Speeet driel vestle ol LT Doy

Chapril 25 2005, afterdrydocking, wnew serof
sea trials with the CLT hlude propellers was
performed  ofl the Yalencia coast, (s
signifeant wive Teight wios between 08y and
0.3m, and wind speed was m the range of
Z0lenets, Deptl umgler the keel was always mane

'

Fig 2. Experimental results of open-waler
propeller tests with CLT blades for three pitch
raftios,

than 130m, The loesd condinan of the ship
corresponded o the same draoghl as i the sea
teials with the conventional propellers. Again,
the bull was clean,

Comparison between the speed-power
curves comresponding to conventional
and CLT blades

Far the conventional propeller, Fig & shows the
camparison hetween sea ials covrecred Tar
el comlitions with the selfpropulsion ests
resulis Al the ponts correspend 00 propetler
speed ol T3 4revdimin ln Fig 5 ean be seen the
results ol e cormected values ol the sea rialy
carvied cul with CLT propellers, plitled agai
e reaubis of the predictions fer ull- scale (om
the selfpropulsion weats, In the cosé of the CLT
propetlers, the est resulls agree very well with
the messurements during sea trials,

In the cose ol the conventianal propeliers, the

prediclions are slightly optimistic, with respect
o the results obtained during sen trials, This
deviation can he gustilicd because the sea trials
with conventional propellers-wene carricd o
hefare drpdocking, and there is an increase ol
fuall resistanee doe o reughness, which was no
tatken anbo aecount with the extiapelation ol tests
restlis,
Taking this consideration i wand, the resulis ol
s drinls with Both propellers ave shown in Fig
&, The better elliciency of the CLT blades
abfained al sen agrecs very well with the
expected results obtined Tronm the eses

Prassure pulses from conventional and

CLT blades

Ftrepolation fo fall seale af modal test resalis
with convertiona dodes

Aosel ol eavitation abservalions and pressure
Muctuation teses for Soefonye have een caeried
aur with both conventional and CLT propellers
The port medel propeller was used inoall
cavitalion tests excepl it the case of wst No
522 in that test, the starboard maodel prapeller
was wsed. The tests B the conventional
prapeller wene conducted av twe differen

pitche

Hawle= 1083 H,+D = 0402

Extrapolation to full scale of model test
results with CLT blades

The CLT propeller was tested in four ditferend
conditions arthe design piteh position, D

a
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L, angd mone condition at the pitch 00
0744 where no cavilation was observed on the
CLT blades.

Comparison of lest results for
conventional and CLT blades

Al the design pitch, the pressure polses
carmesporling o the fiest harmoenics ol the CLT
propeller are higher than thise measured with
the conventional ame,

Amplitndes of the first harmonics, measuired
in the CLT propeller sests, ane higher at the fies)
andl - second  transducers, maindy doe o
cavitation phenomena observed at the culer parl
ol the end plate - which iz a difMicult aven to
record at model scade,

Caviration ahservations on the conventional
propefler model, corresponding to che o
pitch, test Moo dad2-Cav, reveal face cavitation
i all propeller dise posttions. There is nol
ich extension of the phenomena, ot clinl
cavitalion is present momaeeg than hall of the
pusitions ol the propeller disc. Tip vortes and
sheel root cavitation appear inall propetler dise
positicns. In the same conditian, nocgyvitation
was present on the CUT prapetler blades, test
Pooeka2-Cav, low piteh,

Farsti-harmuenic amplitodes at low pikch ane no
imporiunt, wlthoogdh theyare higher for the CLT
preapeler, Amplitudes of the second, thivd, and
fourth harmonies. are higher  for  the
comventional propeller than o the CUT tvpe,

Agart from peaks af che amplitudes ac the
hlade passing frequeney and its harmanmies,
there 15 broad-hand excitation - as can be seen
in Fige Y- nt the pressure spectrum of the
canventivmal propeller il pitch conditions,
manrly present al freguencies: higher than the
second harmonic.

The argin o this broad-band excitation may
be the tp vortex and also ather cavitation

___TRIALS OATA COR [[e] I

- Bpasd | Power | AV wind AV wavesAV ruddarAV cowrr,| AV dasp | Speed 5’& RFM
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#1.75 26500 -0, [RL] 0.00 027 0,00 7210 6546 1834
223,30 265 oo And 0,00 AL2Y £.00 22.18 PEHAE 1834
23,94 2658 L 4.0 0,00 4135 0.00 2294 20672 1834
32,57 20686 -0.03 0.0z 0.00 .35 0.00 22.04 JRETE 1834
23.40 37542 -0.,03 0,02 0.0 .03 0,00 73.42 32553 183.4
73.45 32578 .00 o.an 0.00 -0.03 0.00 73.42 32553 1934

2355 4T .00 0.a0 0.00 0.13 0.00 73.73 34443 183.4
23.90 B -0.04 ooz .00 -0.18 0,00 23,73 34843 183.4
11.92 H2EE 0.0z 0.00 .00 -0.01 0.00 11.89 #2320 1835
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Tahle 1. Sea trials measurements on Forfuny (canventional blades), corrected for differences

bBetween ses conditions and ideal conditions.
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Fig 3. Full-scale power prediclion far the

nominal pitch in both types of propeller.

phenemena ohierved during model fests, These
infermuediate frequency amplitades, which
appear betwaeen the hlade passing frequensy
and their muliples, could be dangerous due o
the Toct that this broad-band Treguencys may
considerably increase wibration af the ship
arruchire,

Table 2. Sea frials measurements on Forfuny (CLT blades), carvected for differences belween sea

A pressure speetram of the cenventional
privpeHer masdel ot low pifeh is shown in Fig ¢
(hlade passing frequueney GRHzL A pressure
spectrun el the CLT propeller for the same
pitch 35 shown in Fig & (blade passing
frequency 701z Fras @ and 10 are sooms ol
Figa 7 and % in the correaponding requencies
hetween secand and third harmanics,

The results slown in this article reveal an
optimistic set ol Ggures Tor the perfirmanoe of
CLT propellecs and hopefully help o gvercome
IEE previons opposiion owides usa ol this
interesting desian, The way could naw he apen
far more installatians, which should lead o
better  propulsion  efficiency and  fewer
vibrations, il
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CORVENTIONAL PROPELLER TESTE v TRIALS

CLT PROPELLER TAIALE v TESTA
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Fig 4. Comparison belween sea trials on
Forluny (conventional blades} with the seif-
propulsion  results, carrected  for  ideal
conditions. All points correspond to a propelier
speed al 183.4rew/min.

Fig-5. Corrected values for the sea trials resulls
on Fortumy {CLT blades) plotted against the
predicted full-scale results from the sell-
prapulsion tests,

Fig 6. Sea trials results for Farteny. showing
both conventional and CLT blades,

Fig ¥. Pressure spectrum of the conventional
propeller model ot low piteh candition {blade
passing frequency GBHz).

Fig 2. Eoom of Flg T (conventional propeller) in
the corresponding frequencies belween second
and thirgd harmonics.

Fig 8. Pressure spectrum of the CLT propeller
for the same pitch as in Fig 7 (blade passing
frequency 70Hz).

Fig 10. Zoom of Fig & (CLT propeller) in the
corresponding frequencies between second and
third harmonics,
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Trasmediterranea - a positive owner

KIEY plaver in the chain ol argenisations
invalved in the mew work on CLT
propellers bas been the leading Spanish feviy
cpecater Trasmediterrenea, Todayv,  this
company, which was privatized twa years ago,
iscwith its Meet ol 22 ships plus five chartered
vessels, womember ol the Acerona graup.
Frasmediterranga had snourgent need 1o
sodve a majar technical problem an one ol twa
sister superforries. the IRZT3E0 Fovfuny,
completed in 2000 by [ZAR's Puerto Real
ward  (teday trensferred o MNavantia)
Sipnificant suns of meney (up o S6000 oy )
woere betng lost because tickels for the fist-
class accommadation at the stern ol the ship
could not be sald, and the public rooms there
were alaa uncemioriable - both owing oo
severe propeller-mduced vibration at lewer
speeds amd pewer - Ge, in the aff-desipn
condition, when problems can arise, as naval
architects knew well
Trasmediterranes  already  had - pood
eperience with retrofitted CLT propellers on
several cther freight ro-roe vessels (Cldod o
Herwar, Cindad e Alivante, and Cludad de

cie-ciT design built in 2000 by Union Raval
de Walencia, A ship speed of 0.35knols
higher than contrmet bad Been achicved, noise
sl vibration were well belew ISO standards,
aned special measures o holl vibratons
amediate by above the propellers hisd shown
a low level of pressure pulses prodoced by
cavitation developed on the blades,

First Faedny sea tiaals with CLT hlades
were carried vul with the fin stabilisers aelive
anil were therefors not cempirrable with those
completed with conventional Blades, carried
aul with the stabilisers retracled,

However, o scconid sea trial carlier this year
confirmed the suecess ol the project, with
much-reduced vibration levels: also reduced
fooa very significant level was the fuel
consumplizit, Mow, monitering of fieel use
will take place over coming maonths, and il is
anticipated thar by the end of this year
fipures ke available.  Saybe the tdme 10
recaup all costs will alse be known - an
interesting factor for other owners,

The company s additionally frying Lo
compare savings with those of sisler Seralla

Irailing pattemn. hevertheless, at current
IFRED heavy  fuel prices  of  around
PISE24nAaonme., any savings ane cerlain e be
st gitractive,  Should the CLT blades an
Farfiny prove o success, o lurtber sel could
e ordered e Sonedfe.

Feregeory (ke Ter sister) is installed with
pwin propetler shafts driven by Tour Wirsili
AL4aA medinm-speed digsel engines {4 x
T240W at Sres'min),  Genereally, the
engines (normally taooer three aperating al
ane time] are runcal eonstant revolutons so
that best use can be made of the two 13T0RW
allernutars driven ol the zearboxes on Lhe
ship's principal service Irem Barcelona Lo
Sahon (Menarca).

CLT propellers for new fraight ferries?
Ina new development, Trasmediterranca is
clage to placing an arder Tor two new pure
ro-re ferries, desipned 1o increase capacily
on ilg lenp-haul Spain-te-Canary [slands
service. s iteresting toorecord that the
company s expericneng 4 hig growlth in the

number al lorries carcied o all routes

feompared  with oonly 2% grewih in
passengersy, These ships could alse he
canduletes for CLT propellers, b

(busile 2001 by Barreras1; this isodiflicolt since
she s sailing an adilferent rewce - Brreelona
o Palma de Mallerea (Majorea) inoa different

Loz, alse an vdrotail=l bt
particularly onoan earlier new freight ro-ro
The latier was o

SO

viessel, Seperiass Lovonie

Speedy CLT propelier
production by Casuso

LTHOLUGH anly five years old, Casuso Propellers is
rowing into a major force in the casting and machining ot
maring propellers, having succeeded in breaking inte a
difficult and highly compeliive market - and playing an
important role in the CLT retrofit for Trasmediterranea’s
passengerivehicle femy Forturny,  The factory is situated at
Entrambasaguas, just outside Santander in norliern Spain,
and is stalfed by youthfuland highly qualified persannel, They
are assisled by excellent technical resources and proeduction
capacily, plus efficient guality control.

Products include monablos propellers up 12.5.50m diameater
and 10tonnes weight, and CP blades in weights up to
Slonnes; CP finishas can be either Class ||, Class |, or Class
2, and they can be balanced on ¥ and y axes. Hubs up 1o
Ttonnes weight and other CP components, also elements for
hydraulic turbines, are additionally produced.

fanufaciuing capacity 1s close to 400tannes annually, with
a flexible phitosophy that makes it possible for the company to
adapt production to the special requirements and
characteristics of customers. Casuso products are approved
by most major class socielies - ABS, BY, DNV, GL, LR, and
AiMa - and the company is cetified fo 150 9001:2000
standards for both the manufacture and repair of propellers,

This combination of atiributes enabled Casusc o deliver
successiully the gight new CLT CF blades - 4.36m diameter
and 0.52 blade are rafio - for the Forury retrafitina vary short
period of time, Criginally, the plan had been to take a final
decision to procesd with manutacture al the end of July 2004,
following anahesis of model results by CEHIFAR. However,
some tests were delayed, and conssquently the decision was
niot taken until mid-Movember 2004, therefore, only a very
shart period was available until the scheduled drydocking in
mid-February 2005 at Union Maval de Barcelona, ik
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Measuring improvements with CLT propellers

OLLOP NG the retrolic ol CLT propellers

e Trasmeditercanea superlersy Moviury, &
key st of eiboard meastrenents were made by
Técnicas v Servicios de Ingenicria 31, (510,
Spanist company which has heen speciabizing in
ahiphoarl measurements and lesting Tor 28 veirs,
The three detaibed 1asks, which also ncluded
easential comparative pammetas recorded prior
Lo the retralit, were:

»power megsurement on both shatt lines

«  wibration and nodse measurements el
andd after the new propellens were installed

+ pressure pulses induced by the new CUT
propeller abose both shafl lines.

The terget of thess measurements were Lo check
angl compare the behaviour of the ship with both
her comventional propellers and with the new
LT blades, frony the foblowing points ol view:

= power elliciency

¢ pressure pulses

+ yibeations anboarnd
o poise onhosaed,

[n February 2005, (ests with the original
corvenlional CF propellers were carried our, and
alter that, measuements with the new CLT
propetler toolk place in two phases. Within this
prject, TS has been respansilile for cstablishing
all the protocals, couipment, and aceessories
needed for this eritteal sk, The whole operation
was a4 challenge since il had heen decided o
present the signals Trom 40 channels al once on
the computers; this allowed the engineers 1o
analvss pressure polaes, vibrations, and noese, all
in real tome

Frapn the profect point of view, il 1s imparant o
niote that the wisit o Foerewas not new Tor Tl
sten oovibmation anl nomse prediction had been
carrived out by this company during construction
al the ferry al IZAR'S Poero Real vard.

Pressure pulse measurements

Fawipny's pressure pulse ineasurements have
Izey ane of the prinery geals in this project, The
main targer was e measure the ol foree
inclueed in the aft of the ship by the propediers and
for compane these results with hose estimated
under model comditions By CEHIPAR. 10 was
extremely imporant o comelate model and fiall-
seale resulty.

Results
Wibration levels with Forfinyed comeentional CP
propellers st constant revalutions, wsing the TS0
G000 1y classilication standard, proved w
b el st medlioem- and high-load levels (steps 5
to [0, bt al Joweer levels (step 21 vibrotion levels
wene tow high, i some cases, as 0 the seering
cenr foonn, vibratians wene severe, although in
sonne other decks the level was aceepiahble,

Yibrations at low loads showed that the
s Jevels were i the hotom o the bull,
and thal the lower levels wers al e lop
[eleck 9.

Poodse levels i the ship, accarding to [MC
Ad6E XL have similar behaviour o the

CLT: A PR PREFSELER Falk IFPICENT Saes

vibeation levels: i steps 5 o 10 the levels are
Jewver than those set by the code, bot i stepes the
nostge levels are over the limits imposed by the
code i some places,

Messurements  with  the retrolited CET
prapiellers shewe that vilation levels ar madest
e output ave loswer than those measured with
the conventional Blades, while in the constani-
revolimion mode, for medimm and high poser
feveds, vibrations kevels are wlmost eoual w those
measumed with convenlional propellers. They
were i litdhe higher Tor step [0 bur always good
according 1o FR0a954, excepl for deck % where a
slight nerease in vilbeacdons inoall steps is
noticeahle, passing from pood o acceptihle,
With respoct fo notse measurements, resuls are
vory  similar to those obtained with  the
conventional propeflers exeept lor step 4, were
the Jewels are nom aecording o thase imposed by
the W0 A AGE XL

[n combizater mede, the results for both
prapellers ashow good behaviowr noall wspects,
also reparding noise and vibration, except for the
comments stated  ahove when the ferry s
aperating ab higher power (sleps 8 1o 100, whene
the propeller revelulions are the same Tor bath
mades.

Pressure pulse results

Thase results obtained trom the measurmg of

pressure pulses wene processtd using LAS
SCATIAS L amd Teslah W5 and Matlab,

The study of the spectrums (Fig 1) obiained
shoma peaks all the Tregquencies related o shiali
palation pass (SEF and biade (requency pass
CRE, Pegke associated with SEI shaw no
appreciable reduction uneil the range d0H -5 -
i resched, butin the peaks associaled with BEP
this reduction appeacs with the second harmonic.
This is nowmnal 1or podes close 1o the peopeller:
wehen spectrumes in Delds far from the propeller
are sluclied, the second BEP harmonic becarmes
the mazt impartant - this iz more noteeablie at
hitgh power,

Feparding the cvelution of BEP hanmonics with
the power, the Tirst harmanic shews o constanl
imorement with the power, but the secend
[rrmrmic shives o maximum in it evolution al
predinn posver, Tnadddition, the evalution of the
pulse phases with the power has heen studied,
and analvais revealed that evolution of the phase
of those pomts on the starboard side of the
jropeller 18 homogencous and opposioe e e
pprhese ol those paints in the pore and starkaoard
sicle ol gach propeller.

The evalotion of the phases shaws paints ot

conjuaction between port sids ard starboacd side;
this is very important because al those points all
the pulses are in the same direetion’, and then the
forces will be higher.

Anether imperant faet obtained from the study
is the e of pressure infloence genceated by the
prropedber i the aft; for this suudy the polse phoses
ares nol Leken in o ascount!

Coneerning the results, we can say thal the
shirpe of these surfices is almost constant wilh
power far the st BEP harmonie, but for the
aeennd Narmaonie, s _'nn;:l;%n-'inl.:r shows very
different .l;h;L|‘.n‘l:.*a..“fw||':c|| probably reveals

o el e TR
[T

Fig 1. A pressure-pulse spectrum for the CGLT
propellers. showing peaks in all frequencies
related to shalt rotation and blade Iregquency
pass.

cavitation elfects, In the caleulation of force
ingluced by the pass ol the Tlade, only the Hestand
1he: second harmomies have ropoectant valoes.,

Thes evolution af the fores st hanmonic with
the power shows twe maximums, and 0F the
results of the st BEP hamomie ol the pressure
pulses are checked, o divect cornelation can e
sepr. However, this relationsbip can be Tound o
the phase evolution graphics are examined: thers
it con be seen how the phases af the pulse are
coineident at the points with the peaks.

The evolution af the seeomd Feree harmenic 35
siilar te the previous one, except that bere the
second BEP harmamic of the pressure pulses big
a sk inits evalution; this shows that the fores of
thie 2 harmonic is alomost equal toe that of the
fiear baemenic at madinm power.,

Finally, regarding the pulses measured in the
el By CEHIPA R and the pulses messured by
Falin the Terry, it can be said thet cormelation
brstweeen the results s penerlly good, Cnly a few
parints were onl ol mnge but the mean value ofall
pulzes is almast cgual o those measored o the
ship, In the same way, the value of the frst fores
harmanic obtained from the Teoy was very close
te that ebtained fram CEHIPAR S madel, which
aggrin means that the phase cormelationis pood.

Conclusions

Alter reviewing all the inlormation measured
during the wials and processed ashore, the mosi
ipostant cenclusions af this project fr
TELare

*the probiem with vibeation fevels ot L
povwer and constant revolutioms has been
selvedl, snd the new levels are sood oo
almost all decks and at all steps, accoding
o 1500 G54

= nodae levels with the new CLT propellors aee
it sgeordance with VIO A AGE

= the resultant foree caleulated by TSI by
means of the pressere pulses obtuned, s
aceording 1o the results ol wvibralions
ieasnrned

*the aren of infuaerce of the pressure polaes
fior the new propeliees bis been determined

o there 14 aoed carrelarion between the resuliy
meazured and coloulaed by CEHIPAR in
the: made], snd those carmicd oot by TS0 on
the  real  ferrv. However, forther
investipations are needed for the second

Trarmmionic, i




Complete packages from the Cintranaval Group

Ship design and CAD/GAM software.

INCE s foundation, the design ofTice

CINTRANMAVAL-DEFCAR 5L bas becoime
cie of the tep technical companies i the
Spanish shiphuilding industry. A bigh degree of
specinbisation asa designer of all tpe ol vess
allied o a programme of continueans CADACS
software development, is the ke Tawclor in the
E‘L'IE'I'IEH'I:'I}"IS SUCCCEE,

Fram its orgims as CINTRA SA - founded in
964, CINTRANAVAL SL claims a special
position bevause of its prolific activity, having
desipmed mone han S vessels toodate, This
vilsl experience anges from preliminary design
to detatted engingering, spanning ol stapes ola
project and subsequent construction.

[ March 2000, CINTRANAVAL mersed with
the  Madrid-based  technical  consoltaney
DEFCAR  Inpenieros 51, o company  of
CAlMOAM  soflware  peogrammers and
priginator of the DEFCAR system, which is
used i 24 countries, This move combined
desien and software experienae, with the aim of
citering new, inmavative maring products and
services, The  result was  the  company
CINTEANAVAL-DEFCAR 5L, With the
mmtendion of responding Lo the ever mone
demanding vequirements of the markel, anid
being conscious that swilt response and 2
capacity too offer complete packages  are
gepntial  mequirements o soccess,  the
CITRAMAVAL Crropp was Tounded in Juns
20k,

Hydrodynamics and ship propulsion

A S months ago, CINTRANAVAL-DEFCAR
bhecame  the  majority sharcholder  in
SISTEMAR, the company specialising in
hedradynamics amd ship propulsion, Staffed by
mavet ]l wrehitects noted o their research into
hydradyemics, SISTEMAR is origingor ol the
high-efeiency CLT {eontracted and loaded 1ip)
prapellen Aller many years of research and
development, and using uneenventiomal blade
peomelry, SISTEMAR created this special
desian, which ¢an offer not only lower Toel
consumption, hur alse a substantial sedoction af
nodze and vibradion lesels, when comparsd wich
conventional tepes, To date, more than 250 CLT
propellers e baen installizd.

Bezides  promoting high-ellciency CL1
propellers and being fnvalved in internaticnal
research, deviloprent, and innovation {so-called
D=1 programmes, S15TEMAR works as a
corsullant in bydrodynarnies. This is a key slage
during the prajeet of any vessel, and such
expertize allows maore elficient hull Torms o be
created, thus minimising resistinee.

International project coordination
Wilth shipbuilding becoming  almost foally
glotalised wdav, it is absalutely necessary o
seck  collaboration agreements  with  ather
countries,  Mevertheless, this prospect is not
affordable for many companies, because af its
atrvcture and the necessity we il veeys short
delivery times plos the nead o divert stalf inta
external prjeets. To try and overcome this
prablem, and with the aim of sapparting
ahipeweners and shipaards inontematianal deals.
SIATEG S0 beeame  part ol Lhe
CIMTRAMNANMAL Group in June 2005,

Having a hroad internalional  experence,
SIATEGS experts aller the following services:

o eomenliing on mixed constrogton of vessels
in both Sparsh and Toreign shipyrds

= lagistics of infernational projects

+lechnolopy fransfier, training, and technical
assistange abroad

o technics] and conmercial supEont o
shipuweners inoother countries.

Likewise, SIATEG alse will  coordinate
international operaticns Tor the CTNTRANAVAL
Ciraup, having the technical support of all its
COMpnics,

Shipping consulting

Recently, o consulting lrm specislising in
shipping and  port activities, Bilbao  Plara
Maritima 5L, alsa has reached an pgreement of
collaboration with CINTEANAVAL-DEFCAR.
Through this, the company has heen splic inte
o new divisions: Bilbao Plaza Mantima
Shipping and Bilbuo Phaen Maritima Puerios,
I'hee former has qust become  pact of the
CINTRANAVAL Group and can piovide the

Tllowwing services:

H
the

An oil tanker designed and ucvelaﬁéd by
CINTRANAVAL-DEFCAR using the DEFCAR
system.

= pechnical, commerciad and legal consulling
« snrveys and inspectioms
+  feamibility soodies,

With repard Lo shipping actraties, Bilbao Pl
Wlaritima bas broad experience in studics and
techinical consulting in many different conntres,
Ammcng this should be highliphie woron ER55
(European Short Sea. Shipping) amd @ larpe
nurmber ol Teasthility stocies for shipyards aod
fishing porls ranging from Latin America (o
Sonthenst Asia

O the ather hand, Bilkae Plaza Maritima bas
alse carried oul many impertant woerky in the
figld of ports, mainly regarding plinning,
arganEalion, minagomaent, and |3'P|-'T='||-i||_\|:f-. ik
well as sea and mland transpert. The new
company, Bilkae Pluza Maritima Poerios, will
cantinue with these asks, and even thaugh nas
part ol the CINTRANAVAL Graup, i will keep
clise contact with all group mambers, i
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CINTRANAVAL GROUP

n ]
Cintranaval-Defcar, S.L.
Consultancy services
Ship design
CAD/CAM software, The DEFCAR System
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Hydrodynamics
CLT Propeller
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International projects coordination
Logistics
Training

r ;
BILBAO PLAZA MARITIMA Shipping
Technical, commercial and legal consu!tlng
Survey and Inspections
Feasibility studies
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40 Years' experience in 30 different countries
500 high-tech and innovative projects

100 CAD/CAM DEFCAR’s users

250 high-efficiency CLT Propellers

50 survey and feasibility studies abroad
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