1 PRE-NOZZLE FOR A DRIVE SYSTEM OF A WATERCRAFT TO IMPROVE THE ENERGY
EFFICIENCY The invention relates to a pre-nozzle for a drive system of a watercraft to improve the
energy efficiency. Drive systems for different types of ships to improve the drive power requirements
are known from the prior art. Known from EP 2 100 808 Al is, for example, a drive system for a ship,
based on a pre-nozzle. The drive system consists of a propeller and a pre-nozzle which is mounted
directly upstream of the propeller and comprises fins or hydrofoils integrated in the pre-nozzle. The
pre-nozzle substantially has the shape of a flat conical cut-out, where both openings, both the water
inlet and the water outlet opening, are configured as circular openings and the water inlet openings
has a larger diam@RE-MANZHIEF R IDRINME S SHEENIOF 1A IBVINEER TR ST MPROVE THE ENER@DEller
afflux and to reduce the losses on the propeller str, , gN'Pd,o pre-swirl generation by means of the
fins or hydrofoils integrated in the pre-nozzle. It is Ject of the present invention to provide a
pre-nozzle for a drive system of a watercraft for further improvement of the drive efficiency, in
particular for slowTtergevenlionerehins This ghieabisisofuedabyravdavieehaying therieatymesoof claim 1.

Accordingly, the pjg:ngzgl Eoér?e ivgfﬁ Stem of a watercraft, in particular a ship of the type described
initially, is configuredﬂiﬁ su%h a mgér}/ner té}/%at a\{'fin system is disposed inside the pre-nozzle. In this case,

the pre-nozzle is located upstream of a propeller in the direction of travel of the ship. "In the direction

of travel of the shipfiigtaatenndetatooribrre: as/ie ferwarshdirestipnppbii@valof @ishipsdNapropeller is

located inside the'%r 'ﬁ%féﬁt for xam in,Ko .nozz'je . Furtherm t -npzzle is located at

a distance from the §F’ope Ier.%%gﬁﬁ syst@rgrmgggtéF Inside tﬂg\%?efr?&z g%grslg?é sé:) fa%”fﬁ’%“ty of, for
example, a drive system for a ship, based on a pre-nozzie. The drive system

consists of a propeller and a pre-nozzle which is mounted directly upstream of
the propeller and comprises fins or hydrofoils integrated in the pre-nozzle. The
pre-nozzle substantially has the shape of a flat conical cut-out, where both
openings, both the water iniet and the water outlet opening, are configured as
circular openings and the water inlet openings has a larger diameter than the
water outlet opening. It is thereby possibie to improve the propelier affiux and
to reduce the losses on the propeller stream due to pre-swirl generation by
means of the fins or hydrofoils integrated in the pre-nozzle.

It is the object of the present invention to provide a pre-nozzle for a drive
system of a watercraft for further improvement of the drive efficiency, in
particular for slow, large-volume ships.

This object is solved by a device having the features of claim 1.

Accordingly, the pre-nozzle for a drive system of a watercraft, in particular a
ship of the type described initially, is configured in such a manner that a fin
system is disposed inside the pre-nozzie. in this case, the pre-nozzie is located
upstream of a propeller in the direction of travel of the ship. “In the direction of
travel of the ship” is to be understood here as the forward direction of travel of
a ship. No propelier is located inside the pre-nozzle as for example, in Kort
nozzles. Furthermore, the pre-nozzle is iocated at a distance from the propelier.
The fin system located inside the pre-nozzle consists of a plurality of, for



2 example, four or five, fins which are arranged radially to the propeller axis and are connected to the
inner surface of the nozzle body. In this case, the individual fins are preferably located asymmetrically
inside the pre-nozzle. Fins are understood as fins or hydrofoils. The fin system located inside the
pre-nozzle therefore consists of a plurality of fins or hytirofoils. "Inside the pre-nozzle" is to be
understood as that region which is enclosed by the nozzle body of a pre-nozzle which is closed
conceptually at both openings. Consequently, the individual fins of the fin system are arranged in such
a manner that they are located substantially inside the pre-nozzle and preferably are located
completely inside the pre-nozzle, i.e. do not project from one or both openings of the pre-nozzle. In
contrast to this, thexaiaprjebof Hreishjdiis arMcYakiarsakbed AP M4t jsdeenied auhs@ntially
outside the pre-nozzle and preferably, does not project at any point into the pre-nazzle, i.e. through one
of the two opening%%f%%@%ﬁﬁo%lﬁ%h’g %?&eﬁ's%ﬁeofo tEha}e*%?df'\‘/‘lJ e |H§‘Bf [ﬂe I sf:ya§te(=,‘mt 1 the
longitudinal directib’?‘i’WfQHéPﬁfé-ﬁE&ﬂ@fSrﬁFéYé%V@M@Wéﬁ@iﬁeiﬁﬂmmneq!rgmzjfitlf@pre-nozzle

at its shortest poinkr&Exiensisids tasbarsneesiaesihiereras the meiemobthesenatiualong the.inner
surface of the pre-nozzgleﬂ(!)é/'erfc\)/ygig@nghs%fio aeﬁherg j inotfl}lenlgngii[u infll. irection of the pre-nozzle.
Particularly prefera%ly the extension 6f the md?wduaﬁyflns inthe Sn'éol Qtifnal direction of the pre-nozzle
is less than 90%, quite particularly preferably less than 80% or even less than 60% of the length of the
pre-nozzle at the shaiestROiIROh A8 e RO e neesiopaitudinal digstion ier Rsegstpdhe

direction of flow. I%Qi% %azfebgbe i”{jiVidrU?,L(f,i{}_ .Ca itc)r(? .setlati entical or fferentﬁn les. This means
that the angles of SR B e dVid AN Ean hE LR &8 AT 3%‘18&?8 yd?ﬁé’l% Iéf’%ﬂ@g&hgle of
attack correspond$§esseruantie beewadividemntinatek ahenditheyisiner snefaceaogete ipreutbzale and the

side of the edge ofiha-it fAsinméharaneetddacesaansAHMY (hediesarasahatarangg, the
angle of attack, to the i‘lowc éjér%gtrié)r]. ét fs furt erﬁnore greferried that the fins are Io(fated substantially in
the rear area, i.e. ifl the ATe4 oG the protehe CBRsBarER S 3 HRRIYEE ST L PRE-Rbzzle has
no fin system and kotisedeningiehtielpratecdrewatepisast Tthalie shsterpetatesf ihéehshimar area of

the pre-nozzle or thadipeysiesidesainmriianingithadpiel depitrsar(Bdeifinallypre-Regsdce

pre-swirl.

and preferably does not project at any point into the pre-nozzle, i.e. through
one of the two openings of the pre-nozzie.

The extension of the individual fins of the fin system in the longitudinal
direction of the pre-nozzie is preferably smaller or shorter than the length of the
pre-nozzle at its shortest point. Extension is to be understood here as the region
or the length along the inner surface of the pre-nozzie over which the fins
extend in the longitudinal direction of the pre-nozzie. Particularly preferably the
extension of the individual fins in the longitudinal direction of the pre-nozzle is
less than 90%, quite particularly preferably less than 80% or even iess than 60%
of the iength of the pre-nozzle at the shortest point of the pre-nozzie. The
longitudinal direction corresponds to the direction of flow. in this case, the
individual fins can be set at identical or different angles. This means that the
angles of attack of the individual fins can be selected and adjusted differently.
The angle of attack corresponds to the angie between a generatrix along the
inner surface of the pre-nozzle and the side of the edge of the fin facing the
inner surface. Consequently, the fins are set at an angle, the angle of attack, to
the flow direction. It is furthermore preferred that the fins are located

substantially in the rear area, i.e. in the area facing the propelier. Consequently



Furthermore, the pre-nozzle according to the invention is configured to be rotationally asymmetrical.
The axis of rotation of the pre-nozzle is thereby located along the pre-nozzle in such a manner that,
when the pre-nozzle is viewed in cross-section, it lies goth in vertical and horizontal alignment at the
centre and preferably runs through the centre of the water outlet opening. Due to the rotationally
asymmetric configuration of the pre-nozzle, the pre-nozzle is therefore not mapped onto itself during
rotation by any arbitrary angle about the axis of rotation. It is thereby possible that individual surface
segments, for example, a section in the area of the water outlet opening have per se rotationally
asymmetric properties but the pre-nozzle as an entire unit is not a body of rotation. The rotational
asymmetry furthertte ésieicinesl atethe the-filvsystiem tactitesstsidatteipreedozaie td Becpreratezzle is
therefore rotationajheagyfameHic FROMAGSRA BEAUPAAREGELPLIDE Hdhdchial fnsu d b ppetler

which is located downstream of the pre-nozzle and at a distance therefrom, is fixed, 1.e. Is rotatable but
not (horizontally of PeNREM JA5RISEHEWBE e B RIRar axsed Hadd iFanaiyl arireaise prer ster
tube. The pre-nozzleidan in this case be located with upwardly displaced axis of rotation lying above
the propeller axis. The centre of gravity of the pre-nozzle therefore lies outside the propeller axis. The
pre-nozzle can thereby be arranged in such a manner that its axis of rotation runs parallel to the

propeller axis or rUEEHETRURgIE fo RFRE IR RTINS P HER fOME TS ipmie S OMRNIES 9 rBRtion to
the propeller axis. ftatioredhozzienimetigred Trentaally o Hoedtizoftahditnetinnziteatatinerspihe
propeller axis. ThagpdeeafdpialianbrasBigrAaA TS EPAsE iRlherei e I, igne vertica
plane. 4 Nozzles are known from the prior art which are divided into two halves By an approximately

vertical plane, whet&Wethh&r0ss seeigmaiidied BRYRIMWHE tEapareib i rimb@ignment #ribrudinal

direction along theceattieahplprefertity prantinziaghcte ding o dhenioventio s stpasopeh a1 BEEOf two or
more halves offset, iy iie laggiheialJiealon: dimuaslaipLepsning. aiRa therglore prefprably
extends over only one plane anda in partlcu ar not over planes wnich are o sét Wltﬁ respec?to one

another. The pre-rig2sfiaEephetenanpesopntiufes folvemoiationd cirmmbitinee aPslecxeatple, the
pre-nozzle can be genéigsikfc-dtation perebadiplosediouet iae inatid sircumiRe seanErithesmore, the

pre-nozzle can be CaRpRse o, , where the pre-nqzzle is closed over the entire
circumference in the as_s%esfnglgg %g?e.lﬁgﬁlgs%?aéi,ggaﬁ‘sg oﬁ%erht?l'[&f%%r & aer'HB%,q} &steth tibe can
also serve to close RSNV MRS TMRERANTERY. Iotidhe Bie-prézifogs lenaerbrgingitdsthetiavention, it

is therefore possibimdy birtesticnroue eatiovaleiigeneyrof @ahi whesatt theapsopelss afflux is
improved by the cqpfi ' Jpre-nozzle and the losses in the propeller jet are reduced by the
fin system disposégc? %%2%%%0@529%&5‘% {ﬁeﬁgéﬂ%'rzrtl?gn Bt pr}ggé%/irlﬁ n?orgr |5%I5?, aaféogérif‘éult of the
rotationally asymnéstieBItERfigeREd IS of the preangsmentubthedsmitédertdlas into account areas of the

unfavourable wake and therefore further improve the propeller afflux.

The propeiler which is located downstream of the pre-nozzie and at a distance
therefrom, is fixed, i.e. is rotatable but not (horizontally or vertically) pivotable
about the propeller axis and is rotatably mounted in a stern tube. The pre-
nozzle can in this case be located with upwardiy displaced axis of rotation lying
above the propeller axis. The centre of gravity of the pre-nozzle therefore lies
outside the propeller axis. The pre-nozzle can thereby be arranged in such a
manner that its axis of rotation runs parallel to the propeller axis or runs at an
angie to the propelier axis and therefore is placed obliquely in relation to the
propeller axis.

The pre-nozzle is aligned centrally in the horizontal direction in relation to the
propeller axis. The axis of rotation of the pre-nozzle and the propeller axis
therefore lie in one vertical piane.



In particular in the case of large, fully laden shops such as, for example, tankers, bulk carriers or tugs,
the water velocity in the rear area of the ship, that is in the area of the propeller and the pre-nozzle, is
different as a result of the shape of the ship or the congguration of the hull. For example, it is possible
that the water velocity in the lower area of the pre-nozzle and the propeller is faster than in the upper
area of the pre-nozzle or the propeller. This is particularly because the water inflow velocity in the
direction of the pre-nozzle and propeller is more severely retarded or deflected by the hull in the upper
region 5 than in the lower region. Due to the rotationally asymmetrical configuration of the pre-nozzle,
it is possible to take into account the special ship's shape or the associated influencing of the water
inflow velocities and therefore to accelerate the water inflow velocity in particular in the areas of

unfavourable wakgdojiEx /ool S HPRE! 367 & 0 RIF P07 R QIR 0RS ISl QP Sirondly by

the pre-nozzle than in the area of the more favourable wake, Eﬁnr example, in the lower area of the

pre-nozzle or the FRIJAIEPHE NRSHEREPIANGW YERIGHP Bttt rate sFangas opE saiifurisy
distributed. Conserpseatlyimoaasansthelifte rtantorafieidmgladiredtas reatbtig et veakiearadignis e upper

and lower area of {1g RiEOZEIS G AN VERAISHIEL o Elacir s alien o aggoun by the

pre-nozzle according to the invention. A further advantage Is that eddy generation can be avoided or

reduced by the pr@eizia Shedrmeis dnnediresHaon Traisvsearrutifi eRenirgerBavitrsréeted by the
hull does not appeareterably eppedsSteraosiadrepenicas adter satfiaces abthaaogErdaadyiand

therefore no or Onlé/ré‘gﬁ‘é‘éy‘@fﬁ{r‘é@[)t'égﬁoaﬁﬁ‘%gﬂgfﬁéﬁfi Overqll the propulsion efficiency can thus be
Ing to the Invention and in particular as a result of the

increased. With the pre-nozzle accor
arrangement of the pre-nozzle, the flow is favourably influenced without thereby producing a high
resistance or strorthegsticescAs B aeitrdbe prevRiesthtusbeanbadingrrasaddairtiersamadrive

power by the appaé%%pe(’:q(p‘réji&% 104 @e!rg\égnggrk gﬁ@%t%%%lﬁatlir\‘/eg ower and therefé)rgvep%ﬁgy can be

saved at lower drive power without reducing the prop rust. oPr%%%?reaorl] '\j/vi%o?;lecircu?ar opening of

a rotationally symrRtHieDifsHniersee (s HaEnAife OB cHifg R ecfondby corprareddof Swaeards

and/or upwards. Thedirestionsiireaidpandslrnyatisdalete heretatbeiRuiliiarsiaie iafihe
pre-nozzle on a shj lﬁﬁﬁ Ing o a of the vourable wake or depending on the hull, the
water inlet openinrg‘;lgos t e%@gﬁgézﬁ%iscacor?e ﬁ‘igp écgt &%ﬂ%v%#t‘i@h%r&%n ee’d(:ﬁlc})%vsv§rr s%??:lﬁ%v%wards. It
is also possible thAShEeRYStER RS Spe RISy eETRGaImipHatiaibkpanded upwards and downwards.
Due to the expansion of the water inlet opening, a larger amount of water can flow into the 6

Due to the pre-nozzle according to the invention, it is therefore possible to
further improve the drive efficiency of a ship whereby the propelier affiux is
improved by the configuration of the pre-nozzle and the losses in the propeller
jet are reduced by the fin system disposed in the pre-nozzle due to the
generation of pre-swirl. In particular, as a result of the rotationally asymmetrical
configuration of the pre-nozzie, it is possible to take into account areas of the
unfavourable wake and therefore further improve the propelier affiux.

In particular in the case of farge, fully laden shops such as, for example, tankers,
bulk carriers or tugs, the water velocity in the rear area of the ship, that is in the
area of the propeller and the pre-nozzle, is different as a result of the shape of
the ship or the configuration of the hull. For example, it is possible that the
water velocity in the lower area of the pre-nozzie and the propelier is faster
than in the upper area of the pre-nozzle or the propeller. This is particularly
because the water inflow velocity in the direction of the pre-nozzie and
propelier is more severely retarded or deflected by the hull in the upper region



water inlet opening of the pre-nozzle, whereby losses due to the water flow deflected by the hull which
in part reach the outer area of the nozzle body in the case of a non-expanded water inlet opening, are
reduced. The efficiency is increased due to an improvesd inflow. It is furthermore preferred that at least
one of the two opening areas, water inlet opening area or water outlet opening area, has a greater
length in the vertical direction than in the horizontal direction. Opening areas of the pre-nozzle are to
be understood in each case as the surfaces enclosed by the front-end edges of the nozzle body of the
pre-nozzle. The nozzle body is typically formed by the so-called "nozzle ring". The nozzle body
comprises the so-called sheathing of the pre-nozzle, where the nozzle body consists of an inner
surface and an outhasunface lover egisnr Deesathdimtalibapigadyanastfiemendgnathnl of he fin
system is not part gf'Beenipezie hefboBulinCaD BRel sk ioais i B Rt alase glabe fogale body.
The opening area can be formed over one or over several flat c_)r_curvedpp anes. The'length in the
vertical direction iS58 Gdef418BE e e WatBrdnfwoyRiAfiea RS MG RO P B IS to bottom
along its vertical cewdraldiae iffleagreriasy lenpittioulae inotizenialdisclionisthssalaraie, lier
understood similar, h i [rect] id he [ ea in the area of its greatest
expansion. An elliéﬁ gtgf %egeﬁr{]%%a%réjée?ﬁ @Eagr‘n?f)%elégé‘ﬁ%%égge%ﬁ%&%%g}% %@%’grlsz%%?gﬂdl{)rgction in
the area of its horigthBAPCHHA {lif dhthRe e afdbe ey vmsapieivakeifecwsamptadmiba of its
vertical central lingoWBe dvea @panngraraaszigheriniel prgiNe-amR Predae PRI WRAINGRE A, can
thereby be formed, pargligl{o,ens 498Melpalalk BAIRIELIR ane Anolhel and pon-paralich o one
another. The lengths in the vertical and horizonta reLtion In this case aﬁﬁays fih On the opening
area and are therefferapt wakessnppfiéfkdet eshfieamiyalfeatioopahf ompsitanddgaver feanozzle
body with the lowesfegige pietihe 207aie hoshiod ibetapesirgcien folerygstryersevaiRpianss, at
least one of the twgcl%r&%rghg Qﬁ% arlé)_e%(%z le‘/:(gr %&urvgt%om\%nzignhe water-inlet-side opening area of
the pre-nozzle is pre‘fera IyygreaPer thar & wa er-m?ett-&de opening area of a rotationally symmetrical
pre-nozzle having the same central radius. Central radius is to be understood as the radius of the
pre-nozzle of the uppeRREZEIR DALY IS INIEBINE RReRATBICdSVIRNAiedr 8P SSARIRNEY the area of
the profile centre of the pre-nozzle. Thus, the ceniral rzigr'%us is the i ikg, of the L@)er circular arc
which would be vidible 1A a crose.setion i the middie o ?h'gep?r%‘ciﬁo% SahoR e ef%ﬁ%’ of the
pre-nozzle. It is fuldiénpreddrisesiat #rRPEAE-P02PIY 2PRGSesatfespralbeltand dt ofittresshipcest least in

certain areas. Thed¥raeaazigeidedly aniagResRIe HERUaH N SERABANRR A sakis altptation lies

above the propeller, axis, byt still encloses the propeller axis with its lower ngzzle body segment.
Alternatively the Io(\?vveerr%%zz% ot fqééognmﬁrg é?r? AR e BropERS: axi'élﬁ?fﬁﬁﬁ 8 Eferred

that the inlet openiRf@idiatiaH@piaveokigie A dD Hresihedarpz allesotordtiraritieh gementiof areas to
the water outlet opgRing A, taeeHBw &2 7% o GAILAX MRien dbE WRIRILOYHELAREPIRE g of the
pre-nozzle could bﬁéa Ofﬂgﬂ%’[el % para](lel to the cross-section of th re-nozEIe Oh arallel tg the
perpendicular of the&xis of rotation and the Wk écrefnl(ﬁsoﬁeﬁﬁﬁgtargb RIPBR" it E‘ﬁshﬁﬁnrg’sepect to
the cross-sectionalnergasetifiy phe-saoeidrivethewerpe it aknaoitheaaris dhetatibe ok tngipne-nozzle
or have an angle (g} lgastifceiaR RERaRY TW&&W@K@%}\PE@F%%@W&@%@iGW@I%erEOH!ﬁJ&r‘gth in

the upper region thanhin he lower r?h%ion. Tffe lprofile length runs along the outer lateral surface of the
pre-nozzle and thePArE 5 Lg'f?%é U (5? tﬁ%”ﬁsthZIe body. Consequently, the profile length is not
constant and decreases when viewed from top to bottom. The profile length can decrease in a

step-like manner ot GhpadY, WRRaiuSIepenthaf SRaatEIRIRN[AMaR5P ARG IE i$he
furthermore possible that tge profile length rfm%:ns conﬁ??rr]q},éor exafnﬁﬁge, in the upper area of the
pre-nozzle and onN/UEE EATERGTINE (GWEFIRFBY. FRARARTAPNWAs and/or upwards. The

directions upwards and downwards relate here to the built-in state of the pre-
nozzie on a ship. Depending on the area of the unfavourable wake or depending
on the hull, the water inlet opening of the pre-nozzle according to the invention
is expanded upwards or downwards. It is also possible that the water inlet
opening of the pre-nozzle is expanded upwards and downwards. Due to the
expansion of the water inlet opening, a larger amount of water can flow into the



8 that the profile length of the pre-nozzle in the area of the axis of rotation is greater than in the lower
region of the pre-nozzle. Consequently, the flow-through length when viewed from top to bottom is not
constant within the pre-nozzle or is longer in the upper_region of the pre-nozzle than in the lower
region of the pre-nozzle. As a result, and in particular gs a result of the narrowing of the cross-section
of the pre-nozzle and the setting to the flow direction, the water velocity in the upper region of the
pre-nozzle is accelerated more strongly or over a longer acceleration distance than in the lower region
of the pre-nozzle. Thus, as a result of the pre-nozzle, the water velocity in the area of the unfavourable
wake, in the upper inlet region of the pre-nozzle, can be accelerated more strongly than the water

already inflowing atdtighmetetarinirip tietiewaeragior ohvihe g59-RRzéled GonsagdeRtetiRwater
outlet velocity and r ler.inflow ity is,more equalised in.the upper and. lower
region or the veIo%ﬁg‘g%ﬁg E Er?eglglt‘f?/%%s%ngﬁ éﬁ%ﬁf&%rg‘?}% e%eguéj{i%eé[ﬁ@ F%Eprgo% & |gngth
when viewed fromtiSra5HBHBMBLRRNSSEABtEN BlgsHRANES Bre (Ratemhl ienayea
downwards since indzadenvatidegionimprevediafigsich would have flowed in part from outside onto
the jacket of the pre-nozzle with constant profile length of the pre-nozzle is therefore now captured by
the opening and can flow into the pre-nozzle. Preferably the water inlet opening area of the pre-nozzle
is provided in suchtdsniarineraeae ipfrisraedettotelenrg |0 oF iptdiOncReBE AsE8SsGhal area of
the pre-nozzle or taitheoperpandicidasriavtheraifief siekinipofrids REE-BOZERHeSAARGIE Bfe
intersection Is to b iR HRRAGR Ihal i AEhdRAPiaNeA LY Scenceplialienptiening of the
water inlet opening area and the cross-sectionalarea of the pre-nozzie in the aréaof the Bomt of
intersection of the iR msEaeds Tnessions on iprehsersforsts sofasependosectiny theyfednétween

water inlet openingieaiges] shereerrendiaday & the pie-nRzZle s AbkR Bdapiydatienpf the
pre-nozzle. Since %ngvg%t%r imgt %p%rﬁigg ,area%can be formed over s veral planes, the water inlet

opening area and cross-seltional 9 area Cahthererore %vneozaﬂﬁlura |YyC8 , %’rsgiéh?pfgf ‘i@b&%ngles of

intersection with ré8gathitg ohsrerprgresirfehask the novgle bothiernsittorisebndiavdaequal to 90,
particularly preferafly lgssolian 66rried. artite Rastisuipsbedraferabliviiosspthian Idart from one

another. The fin system is not part of the nozzle body but is connected to this at
the inner surface of the nozzle body. The opening area can be formed over one
or over several flat or curved planes. The length in the vertical direction is to be
understood as the length of the opening area when viewed from top to bottom
along its vertical central line. The greatest length in the horizontal direction is
therefore to be understood similarly to the vertical direction as the width of the
opening area in the area of its greatest expansion. An elliptical opening area for
example has its greatest length in the horizontal direction in the area of its
horizontal central line and its greatest length in the vertical direction in the area
of its vertical central line. The two opening areas, the inlet opening area and the
outiet opening area, can thereby be formed paraliel to one another, partially
paraliel to one another and non-parallel to one another. The lengths in the
vertical and horizontal direction in this case always run on the opening area and
are therefore not necessarily direct connections of the upper front-side edge of
the nozzle body with the lower edge of the nozzle body. If the opening area is
formed over several planes, at least one of the two lengths has a bend and/or a
curve profile.



Preferably the angle of intersection between the water-inlet-side opening area and the cross-sectional
area of the pre-nozzle is constant at least in one area. This region thereby comprises at least 1%,
preferably at least 5% and particularly preferably at legast 20% relative to the height of the pre-nozzle in
the area of the water outlet opening. Furthermore, the ‘angle of intersection is greater than 00 at least
in this region. For example, the angle of intersection could be constant from top to bottom over the
entire height of the pre-nozzle. It is further provided that the angle of intersection is only constant in
one region, for example, the lower half of the height of the pre-nozzle, i.e. below the axis of rotation.
Since the height of the pre-nozzle must not be constant, the height of the pre-nozzle in the area of the

water outlet openimgesvasediaisrefesannemigiafestbethy efasresk thalstbeeanepipgeatie afane
pre-nozzle is gre an.fwice the r profile.angle_or greater than twice the lower profile angle. In
this case, the op:ﬁétgmgr?gi%gg the %grgﬁr%goéfea i§ ftaaegg?laéﬁ'g%agf\{/’vééwrﬂﬁf)récraér%%rb%% %roﬁYénﬁne of the
pre-nozzle. The piHfisame ($Hes hesivatGemy ahcadingitt dmae dndersieed artheaarigslef dhg the
o]ytﬁr surface olf tk@@f:@fﬂéﬂﬁtﬁ@dﬁd@ﬁh&ﬁﬁ@?ﬂ%}'@erﬁmﬂ;ﬂérpfﬁﬁlsrmeo&tﬂ' l%’;iﬁlﬂé\gé@%flé%&%st region
of the pre-nozzle and. t rofile line runs glong the lowest region of t re-nozzle. The upper
profile line therefo%ff\%iél;}:‘f19 ti’?g{[ Eén%é éﬁﬁt%ﬁgs%hoeﬁﬁréf%%{%gnamﬁ?ﬁ tﬁ'éghnﬁ)ﬁéremc?@ ?eg[&l‘ben %%'}Hé
pre-nozzle. The lofReusrisfibei Rl AESHENEPRS tHEdrigaToMrshorsTiis | bagtsietie dooresmost region
of the pre-nozzle. JdreishpeherefitRiRNE ehegresRRPES th e 209 Ratweenr the trancrpiially
lengthened) upper profile line and the (conceptually lengthened) axis of rotation of the pre-nozzle. The
lower profile angle therefore corresponds to the angle between the (conceptually lengthened) axis of
rotation and the 10 icbrithgitnseiereedythahths rowappriefiatinsesTihe opertiieranigiefohtehize-nozzle

therefore correspajtdedex the uaiffdhadinper prekils arale and Whsslower pirtilezaaale sdde Lpening
angle is preferably n%rr(]agé?r tgz%\qttwic.e Cpferu er rofiIeP%n le, and the owerigrofi e tmngle Is therefore
€ e
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greater than the upper profila angle. 1t1s a1so prefera
corresponds to théhsupreraligeaxisevitbiite avee anzit dedykepmiatrddiationtiGinseeguenty, the

lower profile anglengptiesRandedmine @m@,ﬁﬂ@@qgl@&ﬁg@g@%n and the upper profile angle. As
a result, the opening of the pre-nozzle is expanded, when viewed downwards, by the angle of

intersection, i.e. the angle between cross-sectional area and water inlet opening area. The water inlet
opening area of thé frefyrohetensepestedatiigtothn dnletiropeningthisceast tie prateoinletioperting area

can be curved with aadiqara8ius SheHpAiIE et tdewad Jom {RP tRbattomier saRdhayve

different or several radii Pf curvature. (%u&thermore thfgwater inlet opening area can have one bend or

several bends whhSQVSERIE T8RS H3REHT MRS, TRt etRe WL RRI BB EReAPAIES R formed
over several planevoazigctozite peetesatietaianramalie!ttooties aamoshercRarntiofitdry prreferaddydhe water
inlet opening areahiagirbenh & pdrisdhataiar s foHPadi OVt HURiBIRERS tHe WinGasfeLRiRMlgNes are at
an angle to one another which |ﬁ_ﬁreater than 900 and less than 180.

area can be inclined with respect to the cross-sectional area of the pre-nozzle or

the perpendicutar of the axis of rotation of the pre-nozzie or have an angie (at

least in certain areas).

The pre-nozzie preferably has a greater profile length in the upper region than
in the lower region. The profile length runs along the outer lateral surface of the
pre-nozzle and therefore along a generatrix of the nozzie body. Consequently,
the profile fength is not constant and decreases when viewed from top to
bottom. The profile length can decrease in a step-like manner or abruptly,
linearly or following any other function from top to bottom. It is furthermore
possible that the profile length remains constant, for example, in the upper area

of the pre-nozzle and only decreases in the lower region. It is further preferred



It is further preferred that the profile length of the pre-nozzle between upper and lower profile line of
the pre-nozzle decreases continuously from top to bottom. Continuously should be understood here as
uninterruptedly. This means that the profile length decreases continuously when viewed from top to
bottom. Consequently, when viewed from top to bottor%, the profile length does not increase in any
region but either remains constant within a region and decreases within the next region or decreases
uninterruptedly when viewed from top to bottom. In this case, the profile length can decrease linearly
but also 11 following a different function from top to bottom. For example, the profile length could
decrease in an arcuate profile when viewed from top to bottom. It is particularly preferred that the

profile length decrgagesénsarefiengtrniahoiipenayee the @RliER-ren the. HeraddpRarignd lower
profile line of the pre-r}g;%'?e and Lheelrgfore the valp%gf trhe agglee of intersection is constant.

Consequently, the?Valle o Ei?iqénatngle SHinterSELion 1s %oeﬁrs]?an% at any position between upper and
lower profile line of the pre-nozzle. In a further embodiment it is provided that the profile length of the

pre-nozzle is constantéy eanlly AfRa BbMENPEaEMBARHGANSA AHAREY et tdpleb RRAIRYIaraR and

water outlet openin | gjea are ¥|‘spnoe_sed paral}el to.ope anothgﬁﬁiPrefera%y the pre-nozzle or the jacket
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of the pre-nozzle when viewed In cross-section comBﬂggré'Pe
pre-nozzle body cHapriseheclampesegientifinthameervaned s eross Beancnio\artiselenisedength of

the pre-nozzle. At tbgiRanehtmertowingehetiad dat e vsrtined sRCHoRadACiRsSSerional view
interconnect a pIuEﬁIit¥I8{vaé%%%%%se%ignsétléi(gr eﬁarggle, \ﬁ/hen viewed.in cr{gl)\l?%sectionépegre-nozzle
body could consis 5t af upper HR0 2 IS WET SFCIRPS Behid eoPﬁP@’:sé%%?éhf’ 1ol HEAte
sections are interciitassEebyaretiiiionglycetions: Rréfagsyorberatiolin distaetithenaie thieposed in

the side area of thp,RER-RAAEIE SNthin MRHERA, RRERSEE ANRANOUIEINE B SSMib, iR GRitlinear
sections when viewqd in crog,?-section %e Ioc?ted at tpe height of the horizor|tal central Iér%(@ or along

the pre-nozzle at th%%cé%ﬁ? %h%r%%gfo rott SYP“I[HQ %19&35 e ’é‘eg?FoHQ RN RRQLS r
example, be semidiretoszHertaeyiboasceltratddrmersuthragifdhaxdahpleattipicesde ctibowige

feasible. The rectiljpeaimeionghalerainerYesb Festang Wal fE9sk EHa s aneaDie fhe
rectilinear sections are us\%d to lengthen t?e(grﬁ-nozzle@%egﬁ areas in the vertical or horizontal
|

direction. Preferabfy t5s YRS UPeitiy ArEse'st the Brees W 30Nl MPiheeraliigddP sections
in the vertical dire¢tienypitsre tite lorgenoegdm therefive ek ityratiftaramightsthasfavivdth. snather

possible alternative, gRBRGEREN{HOPSIRIEIBANR HEBHORONIAGRNIEROFRG QP Bt glliptical
cross-section. 12 bottom corresponds to an expansion of the water iniet opening area
downwards since in the lower region more water which would have flowed in
part from outside onto the jacket of the pre-nozzie with constant profile length
of the pre-nozzle is therefore now captured by the opening and can flow into

the pre-nozzle.

Preferably the water inlet opening area of the pre-nozzle is provided in such a
manner that it has at least one angle of intersection to the cross-sectional area
of the pre-nozzie or to the perpendicular to the axis of rotation of the pre-
nozzle. Here angle of intersection is to be understood as that angle which is
obtained by a conceptual lengthening of the water inlet opening area and the
cross-sectional area of the pre-nozzle in the area of the point of intersection of
the two interfaces. The angle of intersection thus corresponds to the angle
between water inlet opening area and the perpendicular on the pre-nozzie axis
or the axis of rotation of the pre-nozzie. Since the water inlet opening area can
be formed over several planes, the water inlet opening area and cross-sectional



It is furthermore preferred that at least one pre-nozzle opening area (inlet opening area or outlet
opening area) has the greatest length between upper and lower profile line which is in a ratio between
1.5:1and 4 : 1 to the average profile length of the pre-nozzle. Particularly preferred is a ratio between
1.75:1and 3:1orbetweenl.75:1and 2.5:1,0ra ratio in the range of 2 : 1. Average profile length
of the pre-nozzle should be understood as an average profile length of the pre-nozzle. The invention is
now explained with reference to the accompanying drawings using particularly preferred embodiments
as an example. In the figures: Fig. 1 shows a rotationally asymmetric pre-nozzle in a view from the
front or a plan view of the water inlet opening of the pre-nozzle, Fig. 2 shows a longitudinal sectional

view of a rotationa&wa%xmm@t@e?péaaao@aqomwiag i@rFé%a%p‘Fég tﬁ@%ﬁ@é@o@?ﬁ@%@w@ﬁ/iew ct>f_ a
rotationally asymmetric pre-nozzle accordin [of id. 4 sho nother rotatjonally asymmetric
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pre-nozzle in a view Trom The front or plan view o i a
longitudinal sectiofayawter 8pre rrstisidagbcareifayablFidess vihanineQrid cositsingaptishilerkength

when viewed fromyepeiahpiiaatiiatheparea of the water inlet opening,

Preferably the angle of intersection between the water-inlet-side opening area
and the cross-sectional area of the pre-nozzle is constant at least in one area.
This region thereby comprises at least 1%, preferably at least 5% and
particularly preferably at least 20% relative to the height of the pre-nozzie in the
area of the water outlet opening. Furthermore, the angle of intersection is
greater than 0° at least in this region. For example, the angle of intersection
could be constant from top to bottom over the entire height of the pre-nozzle.
It is further provided that the angle of intersection is only constant in one
region, for example, the lower half of the height of the pre-nozzie, i.e. below the
axis of rotation. Since the height of the pre-nozzle must not be constant, the

height of the pre-nozzle in the area of the water outlet opening is used as
reference.

it is further preferred that the opening angle of the pre-nozzle is greater than
twice the upper profile angle or greater than twice the lower profile angle. In
this case, the opening angle of the pre-nozzle is the angle between upper and
tower profile line of the pre-nozzle. The profile line is the generatrix in the
longitudinal direction of the pre-nozzle along the outer surface of the pre-nozzle
body. In this case, the upper profile line runs along the highest region of the
pre-nozzle and the lower profile line runs along the lowest region of the pre-
nozzle. The upper profile line therefore has the same length as the profile length
in the uppermost region of the pre-nozzie. The lower profile line corresponds to
the length of the profile length in the lowermost region of the pre-nozzie. The
upper profile angle corresponds to the angle between the {conceptually
lengthened) upper profile line and the (conceptually lengthened} axis of
rotation of the pre-nozzie. The lower profile angie therefore corresponds to the
angle between the ({(conceptually lengthened) axis of rotation and the



Fig. 6 shows a perspective view of a pre-nozzle according to Fig. 4 with linearly decreasing profile
length when viewed from top to bottom, 13 Fig. 7 shows a rotationally asymmetric pre-nozzle with
linearly decreasing profile length when viewed from top to bottom with constant profile length in a view
from the front or plan view of the water inlet opening, F#§. 8 shows a longitudinal sectional view of a
rotationally asymmetric pre-nozzle according to Fig. 7 with constant profile length and Fig. 9 shows a
perspective view of a rotationally asymmetric pre-nozzle according to Fig. 7 with constant profile
length. Figures 1 to 3 show a pre-nozzle 10a having a fin system 14 disposed inside the pre-nozzle
10a. The fin system 14 here consists of five individual fins 14a, 14b, 14c, 14d, 14e which are located

radially inside the # qe%)émrgg;grcqzj%mgeﬁme gﬁg%@{ﬁ%cgnéqé(vgplﬂ‘gls&ge possible

to use more or Iess than five he eig he pre-nozzle in the areaof the water outlet opening
13 is smaller than Tﬂ@lﬁ'&ﬁ%ffétf’ﬁ‘?a?ﬁé‘t%?p% Hé’ldﬁ?&f”fh’e?fréhﬁo'ﬁ@{n%g ie@agieARdVERRr outlet

opening 13 is preferabhypeofiiexdnglam of 90%, particularly preferably a maximum of 80% or even a
maximum of 65% of the propeller diameter. As shown in Fig. 1, the pre-nozzle 10a is arranged shifted
upwards in relation to the propeller axis 41 of the ship. Consequently, the axis of rotation 18 of the
pre-nozzle 10a antheRSIPEIRIES RIctRy ?HY(% R Athtyrieed StHEPeTﬁ’i"soﬂ%ath@eaH%ntage that
particularly in largehkiywadprofilipsghevidibbrifercegicntef thaiavies (iperwedaistgiy lines in the
upper propeller inflow region, the water inflow velocity here is more intensified by the pre-nozzle effect
than in the lower propeller inflow region, The water inflow direction 15 indicates the inflow direction of

the water in the d|}E&ﬁhc’d?’ﬁférﬁ%eﬁ&ﬁIE"EG&’%’HB&H@%?O‘P@t&%é”fﬁ‘é‘%?é%ﬁ@ff%ﬁ@@@ﬁ'ﬁé‘tﬁéﬂ‘orward

travel of the ship. sum of twice the profile angle and the angle of intersection. Consequently, the
lower profile angle corresponds to the sum of the angle of intersection and the
upper profile angle. As a result, the opening of the pre-nozzie is expanded,
when viewed downwards, by the angie of intersection, i.e. the angle between
cross-sectional area and water inlet opening area.

The water iniet opening area of the pre-nozzle is preferably bent or curved. In
this case, the water inlet opening area can be curved with a constant radius of
curvature when viewed from top to bottom or can have different or several
radii of curvature. Furthermore, the water inlet opening area can have one bend
or several bends when viewed from top to bottom. As a result, the water inlet
opening area is formed over several planes which are preferably at an angle to
one another. Particularly preferably the water inlet opening area has a bend and
is therefore formed over two planes. In this case, both planes are at an angle to
one another which is greater than 90° and less than 180°.

it is further preferred that the profile length of the pre-nozzie between upper
and lower profile line of the pre-nozzle decreases continuously from top to
bottom. Continuously shouid be understood here as uninterruptedly. This
means that the profile iength decreases continuously when viewed from top to
bottom. Consequently, when viewed from top to bottom, the profile length
does not increase in any region but either remains constant within a region and
decreases within the next region or decreases uninterruptedly when viewed
from top to bottom. In this case, the profile length can decrease linearly but aiso



Figures 2 and 3 further show that the water-inlet-side opening 12 of the pre- nozzle 10a is expanded
downwards. In the upper region of the pre-nozzle 10a, above the axis of rotation 18 of the pre-nozzle
10a, the opening areas 19, 20 14 enclosed by the front-side edges 31, 32 are parallel to one another.
In the lower region of the pre-nozzle 10a, the water-infet side pre-nozzle opening 12 is slanted when
viewed from top to bottom. Consequently, the water inlet opening area 19 enclosed by the front-side
edge 31 of the nozzle body 11 of the pre-nozzle 10a is formed over two planes 19a, 19b. These two
planes are at angle 36 to one another, which is greater than 90 and less than 180. Furthermore, the
downwardly slanting water inlet opening area 19 forms an angle of intersection 27 to the

cross-sectional arggiging thedrterBRZ e eannbe %?ﬁ&f e RARI 7 @ckiiie, cancepsrialy

parallel- dlsplaced cros sec&o al area 34 of the re no Oa. Furthermore, the re nozzle 10a

therefore has a sHEREY Y Sﬁﬁtﬁsﬁflﬁ?kf’é'iﬁ EMEY 8n“f SR YiEwE B@tr%@%) O RRrttEular, the
profile length 21, ﬁmh’ewméwecbfmmdowm Hettonofideclemgtidntasr éases ithearbygfoornofttie tioend 42. In

the further course BB&&?PBK%W@%%@%Q@W BABRBHGA PEWRENEAT S ARG ARedlower profile

length 24 when viewed from to tft
pre-nozzle an ere ore the value of the angle of intersection is constant.

Conseqguently, the value of the angle of intersection is constant at any position
between upper and lower profile line of the pre-nozzie.

In a further embodiment it is provided that the profile iength of the pre-nozzle
is constant in each area of the pre-nozzie. Consequently water inlet opening
area and water outlet opening area are disposed paraliel to one another.

Preferably the pre-nozzie or the jacket of the pre-nozzie when viewed in cross-
section comprises rectilinear sections. in particular, the pre-nozzie body
comprises rectilinear sections when viewed in cross-section over the entire
length of the pre-nozzle. At the same time it is preferred that the rectilinear
sections in a cross-sectional view interconnect a plurality of arcuate sections.
For example, when viewed in cross-section, the pre-nozzie body could consist of
an upper and a lower arcuate section or arc segment where both arcuate
sections are interconnected by rectilinear sections. Preferably two rectilinear
sections are disposed in the side area of the pre-nozzie and in particular
opposite one another. As a result, the rectilinear sections when viewed in cross-
section are located at the height of the horizontal central line or along the pre-
nozzie at the height of the axis of rotation. The arcuate sections could in this
case, for example, be semicircies. Furthermore, other forms such as, for
example elliptical sections, are feasible. The rectilinear sections preferably have
a rectangular cross-section. Consequently the rectilinear sections are used to
lengthen the pre-nozzie opening areas in the vertical or horizontal direction.
Preferably the two opening areas of the pre-nozzle are expanded by the
rectilinear sections in the vertical direction, where the pre-nozzie therefore has
a greater height than width. Another possibie alternative embodiment consists
in the formation of the entire nozzle body with an eliiptical cross-section.



It is apparent in particular from Fig. 2 that the opening angle 30 of the pre-nozzle 10a which is formed
by the upper and lower profile line 23, 24 of the pre-nozzle 10a is greater than twice the upper profile
angle 28 which is formed by the two legs, upper profile line 23 and axis of rotation 18 of the pre-nozzle
10a. Similarly to the upper profile angle 28, the lower pebfile angle 29 is formed by the two legs, axis of
rotation 18 of the pre-nozzle 10a and lower profile line 24. It is apparent from Fig. 2 that the lower
profile angle 29 corresponds to the sum of the angle of intersection 27 and the upper profile angle 28,
with the result that an opening angle 30 enlarged towards the bottom is obtained which corresponds to
the sum of twice the upper profile angle 28 and the angle of intersection 27. Consequently, the
pre-nozzle opening area 19 is enlarged compared with an opening of a pre-nozzle having circular
opening areas disposed parallel to one another and in particular is enlarged towards the bottom. 15 A
further feature of t&e‘%v@d@#‘?rﬁ@?%éﬁﬁfﬁré‘?@a“l‘gt|§"fh'§f’fﬁe°6ﬁeﬂfﬁg"i§ﬁa9%ﬁﬁ‘E’Iﬁp?f(?él Shifle when
viewed from the fropémsitg todts slanitiettlopdoiver segidhad hbdengtitsat tragvatbrtinetrsideppre-nozzle
opening area 19 '%f»‘dr %@PEFSfI&' Yo \% iR f‘é‘?ﬁt%??é{i’éf %Eﬁﬂ)éph 2i5is yigyesl o Hpngpsglile line 23

to the lower profile line 24, than in the horizontal direction. In this case the length in the vertical
direction runs ovePEH@iWﬁérﬁé*& Bie-RAee iRRAtSHIRG IR Preiear g9 ’6@5@1’1@%@”@68@13& afea. The
upper and lower psatile lines BBthébﬁfztl?e pleandzzke: Ji)@zcermﬁ@oﬂdwtorm@eﬁeralnaesrufgme

uppermost or in th&&q\{\ie% ocat %gll,téwehgzeen%guedlgg HF&%gdaQ.g |§é ng\I}QeJ A{%] 0 brackets

25, 26, where one bra e upper region o e pre-nozzle 10a a
bracket 26 is Iocaﬂ@ﬁﬁH‘tﬂ%tilﬁ/\%PT%%éﬁ -of the pre-nozzle 10a. The two brackets 25, 26 are used to
mount or fasten thenprevvemade 1dadw tﬂ@mme@apmdew@ﬁbmmtyﬁe sfchpaingrpuarbetrgt brackets

25, 26 can vary. It |§m éf{rguqaefgﬁlg ’eego élg kﬁtgx%d?n& differently, for example, in the

side region of the nozZ| he upper rac ocate stantially outside on the
pre-nozzle 10a and the lower bracket 26 is located substantlally inside on the pre-nozzle 10a, where
sections of both bhacketfiglbe26 project towards the front beyond the pre-nozzle 10a. Since the lower
profile length 22 of the pre-nozzle 10a is shorter than the upper profile length 23 of the pre-nozzle 10a,
the effect of the pre-nozzle 10a and the associated acceleration of the water flow in the upper region
are greater than infieliSh@¥feyietptinne hcasa BRI A SRESTOPIAIS e Idey IRy iie fRDIsOtherefore

shorter in the lowes|segiRwibamiaeHpNer 6p8HRg BfisHbpreyoagejeved that the water flow in the
upper region, that is in the area of the unfavourable wake, is accelerated more strongly than in the

lower region. Consequently, not only is the region of unfavourable wake more strongly favoured or the
water flow more sty shevecralrERYdia preciienale vioy asHdcsatigpaticRsYERIiSnRtE the

propeller axis 41 ofgagshipdbing RAggiaQn, due to the decreasing profile 16

Fig. 3 shows a perspective view of a rotationally asymmetric pre-nozzle

according to Fig. 1,

Fig. 4 shows another rotationally asymmetric pre-nozzie in a view from the front

or plan view of the pre-nozzie inlet opening,

Fig. 5 shows a longitudinal section view of a pre-nozzie according to Fig. 4 with
iinearly decreasing profile length when viewed from top to bottom in the area
of the water inlet opening,

Fig. 6 shows a perspective view of a pre-nozzie according to Fig. 4 with linearly

decreasing profile length when viewed from top to bottom,



length 21, 22 of the pre-nozzle 10a from top to bottom, a better compensation of the water velocities
between upper and lower region takes place. Figures 4 to 6 also show a pre-nozzle 10b having an
expanded water inlet opening 10. As in the pre-nozzle 10a according to Fig. 1 to 3, the pre-nozzle 10b
shown in Figs. 4 to 6 also has a longer profile length 243in the upper area of the pre-nozzle 10b than in
the lower region of the pre-nozzle 10b. For this purpose the water inlet opening 12 is slanted when
viewed from top to bottom. In contrast to the pre-nozzle 10a, the water inlet opening area 19 is only
formed over one plane where this plane is not completely parallel to the cross-sectional area 34 of the
pre-nozzle 10b or to the Water outlet surface 20 of the pre-nozzle 10b due to the slant. Since the

profile length 21, d S g”?@t@ﬁ é)r\(%ghgs%p‘qgtngl q_f é;ﬁep(glﬁo;{,‘ %}é%b cﬁ%h'%q S\{BGWGd from

top to bottom, the a Ie of Intersection tween water ihlet opening area ross- S§CtIOHa|

area 34 or perpenBT@dI'&r'@?SHe“a&?é‘ Sigwediirm e ohaHAMMItR eistantgrefilenarsihovet the entire
height of the pre-nazzlérdplihEfesapenimgranigle gGind e erenesgenitl therefore corresponds to the
sum of the upper and the lower profile angle 28, 29, where both profile angles 28, 29 of the pre-nozzle
10b are the same size. Due to the slant when viewed from top to bottom, an elliptical opening shape is
also obtained in pfif-esheMha fragissingl sertiena tNienoaf, T HetriRAlbf #EmPRESHMRSEOpening

area 19 in the vertiakiiRetedinge ﬁgvmmwlamedaﬁmdﬂle t@ri@dﬁt@ﬁu between upper and lower

profile line 23, 24, s thsre ore also Ion er R’%n \t”heeNW|dth or engt I theshlgn%eptal dlrectlon of the
water inlet opening %rea 187 he IeR ereby each rdn on‘or alo r¥g fhe opening Bred Iézgures 7t09

show a pre- nozzleaEWW&ﬁlF@;Wwﬁalﬁfﬁﬁwﬁtﬁ'@‘-ﬁﬂémt‘ 20. In contrast to the pre-nozzles 10a
and 10b, the pre-nozzle 10c has a constant profile length 21, 22. The opening angle 30 therefore

corresponds to the.sum i and pee_{3 rcﬁi}leﬁnﬁle 28, 2 wh e I? rand unper g%ﬂle angles
n an

res
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have a different shape %6T X
particularly preferably a maximum of 80% or even a maximum of 65% of the

propelier diameter.

As shown in Fig. 1, the pre-nozzie 10a is arranged shifted upwards in relation to
the propeller axis 41 of the ship. Conseguently, the axis of rotation 18 of the
pre-nozzle 10a and the propeller axis 41 do not coincide with one another. This
has the advantage that particularly in iarge fully laden ships in which the region
of unfavourable wake usually lines in the upper propeller inflow region, the
water inflow velocity here is more intensified by the pre-nozzie effect than in
the lower propeller inflow region, The water inflow direction 15 indicates the
inflow direction of the water in the direction of the pre-nozzle 10a and
therefore also the direction opposite the forward travel of the ship.

Figures 2 and 3 further show that the water-iniet-side opening 12 of the pre-
nozzle 10a is expanded downwards. In the upper region of the pre-nozzie 10a,
above the axis of rotation 18 of the pre-nozzie 10a, the opening areas 19, 20



As in the pre-nozzles 10a and lob, a water inlet opening area 19 is also obtained in the pre-nozzle 10c
whose height or length in the vertical direction is greater than the width or length in the horizontal
direction. The two rectilinear sections 37, 38 which can be identified in the cross-sectional view are
constant over the entire length of the pre-nozzle 10c ak¥shown in Fig. 9. However, it would also be
possible to form these rectilinear sections 37, 38 along the pre-nozzle 10c, for example from the water
inlet opening 12 to the water outlet section 13, as wedge-shaped or otherwise. Accordingly, the
cross-section of the rectilinear sections 37, 38 which is rectangular and constant in the present
example, would vary along the pre-nozzle 10c. For example, the rectangular cross-sectional area

could decrease WBSH&@S&VSWHQW}JFR%HQ bagks saveyild ajsa beeleadhleans g rlagRSections

37, 38 to taper which, meanst at the cross-sectional area 34 of the pre-nozzle 10c would not have any
rectilinear section528P™38 N e MRsA%3F the Yar i O WRIEG PRI G'9S. pﬁéﬁﬁﬂ%ﬁ&%"ﬂ%’?‘ﬁﬁbmlve
system of a ship nte6bwhecPriewedzfrcki Nopzleobbditd2inlEbopaniagtly, the water inlet

opening area 19 enclosed by the front-side edge 31 of the nozzie body 11 of the
pre-nozzie 10a is formed over two planes 19a, 19b. These two planes are at
angie 36 to one another, which is greater than 90° and less than 180°.

Furthermore, the downwardly slanting water inlet opening area 19 forms an
angle of intersection 27 to the cross-sectional area 34 of the pre-nozzle 10a in
the area of the bend 42 or to the conceptually paraliel-displaced cross-sectional
area 34 of the pre-nozzle 10a.

Furthermore, the pre-nozzie 10a therefore has a shorter profile iength 22 in the
lower region than in the upper region. in particular, the profile length 21, 22
when viewed from top to bottom is constant as far as the region of the bend 42.
In the further course the profile length 21, 22 decreases linearly between bend
42 and the lower profile length 24 when viewed from top to bottom.

It is apparent in particular from Fig. 2 that the opening angle 30 of the pre-
nozzie 10a which is formed by the upper and lower profile line 23, 24 of the pre-
nozzie 10a is greater than twice the upper profile angle 28 which is formed by
the two legs, upper profile line 23 and axis of rotation 18 of the pre-nozzie 10a.
Similarly to the upper profile angle 28, the iower profiie angie 29 is formed by
the two legs, axis of rotation 18 of the pre-nozzie 10a and lower profile line 24.
it is apparent from Fig. 2 that the lower profile angle 29 corresponds to the sum
of the angle of intersection 27 and the upper profile angle 28, with the result
that an opening angle 30 enlarged towards the bottom is obtained which
corresponds to the sum of twice the upper profile angie 28 and the angle of
intersection 27. Consequently, the pre-nozzie opening area 19 is enlarged
compared with an opening of a pre-nozzie having circular opening areas

disposed parallel to one another and in particular is enlarged towards the
bottom.



130utlet opening 14Fin system 14a, 14b, 14c, 14d, 14eFins 15Water inflow direction 16Inner side of
nozzle body 17O0uter side of nozzle body 18Axis of rotation of pre-nozzle

15

A further feature of the water inlet opening area 19 is that the opening 12 has
an elliptical shape when viewed from the front due to its slant in the lower
region. The liength of the water-inlet-side pre-nozzle opening area 19 is
furthermore longer in the vertical direction, that is viewed from upper profile
fine 23 to the lower profile line 24, than in the horizonta! direction. In this case
the length in the vertical direction runs over the two planes of the water inlet
opening area 19 or along the opening area. The upper and fower profile lines 23,
24 of the pre-nozzie 10a correspond to the generatrices in the uppermost or in
the lowermost region of the pre-nozzie 10a.

Figures 2 and 3 further show two brackets 25, 26, where one bracket 25 is
located in the upper region of the pre-nozzie 10a and the other bracket 26 is
tocated in the lower region of the pre-nozzie 10a. The two brackets 25, 26 are
used to mount or fasten the pre-nozzie 10a to the hull. Depending on the type
of ship, the number of brackets 25, 26 can vary. It is furthermore possible to
mount the brackets 25, 26 differently, for exampie, in the side region of the
nozzle body 11. The upper bracket 25 is located substantially outside on the pre-
nozzie 10a and the lower bracket 26 is located substantially inside on the pre-
nozzle 10a, where sections of both brackets 25, 26 project towards the front
beyond the pre-nozzle 10a.

Since the lower profiie length 22 of the pre-nozzie 10a is shorter than the upper
profile length 23 of the pre-nozzle 103, the effect of the pre-nozzie 10a and the
associated acceleration of the water flow in the upper region are greater than in
the lower region. The acceleration section inside the pre-nozzle 10a is therefore
shorter in the lower region than in the upper region. It is thereby achieved that
the water flow in the upper region, that is in the area of the unfavourable wake,
is accelerated more strongly than in the lower region. Consequently, not only is
the region of unfavourabie wake more strongly favoured or the water flow
more strongly accelerated by the pre-nozzie 10a displaced upwards in relation
to the propeller axis 41 of the ship but in addition, due to the decreasing profile
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length 21, 22 of the pre-nozzle 10a from top to bottom, a betier compensation
of the water velocities between upper and lower region takes place.

Figures 4 to 6 also show a pre-nozzie 10b having an expanded water iniet
opening 10. As in the pre-nozzie 10a according to Fig. 1 to 3, the pre-nozzie 10b
shown in Figs. 4 to 6 also has a longer profile length 21 in the upper area of the
pre-nozzle 10b than in the lower region of the pre-nozzie 10b. For this purpose
the water inlet opening 12 is slanted when viewed from top to bottom. in
contrast to the pre-nozzle 10a, the water inlet opening area 19 is only formed
over one plane where this plane is not completely parallel to the cross-sectional
area 34 of the pre-nozzie 10b or to the water outlet surface 20 of the pre-nozzie
10b due to the slant.

Since the profile length 21, 22 decreases linearly over the entire height of the
pre-nozzle 10b when viewed from top to bottom, the angle of intersection 27
between water inlet opening area 19 and cross-sectional area 34 or
perpendicular of the axis of rotation 35 is constant in the entire region, that is
over the entire height of the pre-nozzie 10b. The opening angle 30 of the pre-
nozzle 10b therefore corresponds to the sum of the upper and the lower profile
angle 28, 29, where both profile angles 28, 29 of the pre-nozzie 10b are the
same size. Due to the slant when viewed from top to bottom, an elliptical
opening shape is aiso obtained in plan view of the pre-nozzie 10b from the
front. The length of the water inlet opening area 19 in the vertical direction,
that is when viewed from top to bottom, between upper and lower profiie line
23, 24, is therefore also longer than the width or length in the horizontal
direction of the water inlet opening area 19. The lengths thereby each run on or
along the opening area.

Figures 7 to 9 show a pre-nozzie 10¢ having two parallel opening areas 19, 20. In
contrast to the pre-nozzles 10a and 10b, the pre-nozzle 10c¢ bhas a constant
profile length 21, 22. The opening angle 30 therefore corresponds to the sum of
lower and upper profile angle 28, 29, where lower and upper profile angles 28,
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29 are the same. An angle of intersection 27 between water inlet opening area
19 and cross-sectional area 34 of the pre-nozzie 10c is not formed here or is 0°.

The nozzle body 11 of the pre-nozzie 10c substantially consists of four
segments, two arcuate segments 39, 40 and two rectilinear segments 37, 38.
The two rectilinear segments 37, 38 are arranged opposite to one another in the
side regions of the pre-nozzle 10c. The front view of the pre-nozzle 10c¢ in Fig. 7
shows that the two rectilinear sections 37, 38 lie at the height of the axis of
rotation 18 of the pre-nozzie 10c and thus interconnect a lower and an upper
arcuate section 39, 40. The two arcuate sections 39, 40 as shown in Fig. 7 are
semicircles or semicircular arc sections. The arcuate sections 39, 40 could,

however, also have a different shape, for example, an elliptical configuration.

As in the pre-nozzies 10a and 10b, a water inlet opening area 19 is aiso obtained
in the pre-nozzie 10c whose height or length in the vertical direction is greater
than the width or length in the horizontal direction.

The two rectilinear sections 37, 38 which can be identified in the cross-sectional
view are constant over the entire length of the pre-nozzie 10c as shown in Fig.
9. However, it would also be possible to form these rectilinear sections 37, 38
along the pre-nozzle 10c, for example from the water inlet opening 12 to the
water outlet section 13, as wedge-shaped or otherwise. Accordingly, the cross-
section of the rectilinear sections 37, 38 which is rectangular and constant in the
present exampie, would vary along the pre-nozzie 10c. For example, the
rectangular cross-sectional area couid decrease when viewed from front to
back. it would also be feasible for the rectilinear sections 37, 38 to taper which
means that the cross-sectional area 34 of the pre-nozzle 10c would not have any
rectilinear sections 37, 38 in the area of the water outlet opening 13.
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1. Pre-nozzle (10a, 10b, 10c) for a drive system of a watercraft, wherein the pre-nozzle (10a, 10b, 10c)
comprises a water inlet opening (12) and a water outlet opening (13), wherein a fin system (14) is
disposed inside the pre-nozzle (10a, 10b, 10c), Wherelig the fin system (14) is not arranged in the inlet
region of the pre-nozzle (10a, 10b, 10c), wherein no propeller is disposed inside the pre-nozzle (10a,
10b, 10c), characterised in that the pre-nozzle (10a, 10b, 10c) is configured to be rotationally
asymmetrical. 2. The pre-nozzle according to claim 1, characterised in that the water inlet opening (12)
of the pre-nozzle (10a, lob, 10c) is expanded in particular downwards and/or upwards to improve the
water inflow. 3. The pre-nozzle according to any one of claims 1 or 2, characterised in that the opening
areas (19, 20) of tie yeater inlet opengLfe’yendibe water outlet opening (13) of the pre-nozzle (10a,
10b, 10c) are eachencIosed by a fr%gﬁé\%?%ﬁ? (31, 32) of a nozzle body (11) of the pre-nozzle (10a,
10b, 10c), wherein at least one of the two enclosed opening areas (19, 20) has a greater length
between upper prédile line (23) and 1Bonst profile line (24) than in the horizontal direction. 4. The
pre-nozzle according to claim 31, characterised in that the waterinlet-side opening area (19) of the
pre-nozzle (10a, 10b, 10c) is greater than the water-inlet-side opening area of a rotationally
symmetrical pre-nozzle having the same central radius. 5. The pre-nozzle according to any one of the
preceding claims, characterised in that the pre-nozzle (10a, 10b, 10c) at least partially encloses a
propeller axis (41) of a watercraft. 21 6. The pre-nozzle according to any one of the preceding claims,



characterised in that the opening areas (19, 20) of the water inlet opening (12) and the water outlet
opening (13) of the pre-nozzle (10a, 10b, 10c) are each enclosed by a front-end edge (31, 32) of a
nozzle body (11) of the pre-nozzle (10a, 10b, 10c), wherein the two opening areas (19, 20) of the
pre-nozzle (10a, 10b, 10c) are at least partially not pa?aglel to one another. 7. The pre-nozzle
according to any one of the preceding claims, characterised in that the pre-nozzle (10a, 10b, 10c) has
a profile length (21, 22), wherein the profile length is not constant and in particular in the upper region
of the pre-nozzle (10a, 10b, 10c) and preferably in the area of the axis of rotation (18) greater than in
the lower region of the pre-nozzle (10a, 10b, 10c). 8. The pre-nozzle of a ship according to claim 7,
characterised in tigaiiRes profile length (21, 22) of the pre-nozzle (10a, 10b, 10c) decreases
continuously within at least one region, preferably in the lower region, when viewed from top to bottom.
9. The pre-nozzle according to any one of the preceding claims, characterised in that the opening
areas (19, 20) of the walseinfezieddfmd ¢p218sidane driversysiger openiagetsfofwhersio-Hezzle (10a,

10b, 10c) are each enclgsegdaia fram; e edes &maaief a nrrgleihrdnpehhqf thepsaangzzle (10a,
10b, 10c), wherein the water-inle -stide 0 enin%jreq?a 19i) of tf]e gre-noz&I@ %(? 10b, 1,00?{@5 at least
one angle of intersectior f‘}% CRUL 8Poess‘f'§eg ional (5%"(?4 i Wéeﬁ'?e- zZl ‘&’(5’3?'1(58? ?)c). 10.
The pre-nozzle of a shipthecoretingziecldiva,9 18harateerivdeneithahthdiangstefmntéfdestiont(27) is
constant and greater thap@Agdadah!eRstABErERMA N Bfe pre-nozzle (10a, 10b, 10c), wherein no

propeller is disposed inside the pre-nozzie {10a, 10b, 10c), characterised

in that the pre-nozzle {(10a, 10b, 10c) is configured to be rotationally
asymmetrical.

2. The pre-nozzie according to claim 1, characterised in that the water inlet
opening {12) of the pre-nozzie (10a, 10b, 10c) is expanded in particular
downwards and/or upwards to improve the water inflow.

3. The pre-nozzie according to any one of claims 1 or 2, characterised in that
the opening areas (19, 20} of the water inlet opening (12) and the water
outlet opening (13) of the pre-nozzie (10a, 10b, 10c) are each enclosed by
a front-end edge (31, 32) of a nozzle body (11) of the pre-nozzle {10a,
10b, 10c), wherein at least one of the two enclosed opening areas (19,
20) has a greater length between upper profile iine (23) and lower profile
line (24) than in the horizontal direction.

4. The pre-nozzle according to claim 31, characterised in that the water-
inlet-side opening area (19) of the pre-nozzle (10a, 10b, 10¢) is greater
than the water-inlet-side opening area of a rotationally symmetrical pre-
nozzie having the same central radius.

5. The pre-nozzie according to any one of the preceding claims,
characterised in that the pre-nozzie (10a, 10b, 10c) at ieast partially
encloses a propeller axis (41) of a watercraft.



11. The pre-nozzle according to any one of the preceding claims, characterised in that the pre-nozzle
(10a, lob, 10c) has an upper profile angle (28) between the upper profile line (23) and the axis of
rotation (18) of the pre-nozzle (10a, 10b, 10c) and/or that the pre-nozzle (10a, 10b, 10c) has a lower
profile angle (29) between the axis of rotation (18) an the lower profile line (24) of the pre-nozzle
(10a, 10b, 10c), wherein the opening angle (30) of the pre-nozzle (10a, 10b, 10c) between upper and
lower profile line (23, 24) of the pre-nozzle (10a, 10b, 10c) is greater than twice the upper profile angle
(28) or greater than twice the lower profile angle (29). 12. The pre-nozzle according to claim 11,
characterised in that the opening angle (30) of the pre-nozzle (10a, 10b, 10c) between upper and

lower profile line (@3, 24} thedrRRRZZiR(dRARE Ol 1@&»0Q5r@'sp@md&éo theeadhel agadhe upper
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pre-nozzle (10a, 10b, 1 S bent or curv S or ver at least two es, whic
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are at an angle (36) to o ePrﬁlﬁg%é ter an" ang 8ma han 1800 .

15. The pre-nozzle accoi@inef @aw%wdﬁth@pxé@@dﬁ@;bla’m@f ek acreisbyonet tharaded profile
length (21, 22) of the presnwzalaKaPa, 10b, 10c) between upper and lower profile line (23, 24) of the
pre-nozzle (10a, 10b, 10c) decreases continuously from top to bottom. 23 16. The pre-nozzle

according to any one of claims 9 to 15, characterised in that the value of the angle of intersection (27)
is constant. 7. The pre-nozzie according to any one of the preceding claims,

characterised in that the pre-nozzie (10a, 10b, 10c) has a profile length
(21, 22), wherein the profile length is not constant and in particular in the
upper region of the pre-nozzie (10a, 10b, 10¢) and preferably in the area
of the axis of rotation (18) greater than in the lower region of the pre-
nozzle {10a, 10b, 10¢).

8. The pre-nozzie of a ship according to claim 7, characterised in that the
profile length (21, 22) of the pre-nozzle {10a, 10b, 10c) decreases
continuously within at least one region, preferably in the lower region,
when viewed from top to bottom.

9. The pre-nozzle according to any one of the preceding claims,
characterised in that the opening areas (19, 20) of the water inlet
opening (12} and the water outlet opening (13} of the pre-nozzie {103,
10b, 10c) are each enciosed by a front-end edge (31, 32) of a nozzle body
{11) of the pre-nozzie {10a, 10b, 10c), wherein the water-inlet-side
opening area (19} of the pre-nozzie (10a, 10b, 10c) has at least one angle
of intersection (27) to the cross-sectional area (34) of the pre-nozzie (10a,
10b, 10c).

10. The pre-nozzie of a ship according to claim 9, characterised in that the
angle of intersection (27) is constant and greater than 0° in at least one

region.



17. The pre-nozzle according to any one of claims 1 to 5, characterised in that the pre-nozzle (10c)
has a constant profile length (21, 22), so that the profile length (21, 22) is the same in the entire region
of the pre-nozzle (10c). 18. The pre-nozzle according to any one of the preceding claims,
characterised in that the jacket of the pre-nozzle (1Oa,2J2.0b, 10c) when viewed in cross-section
comprises in particular two, rectilinear sections (37, 38), in particular over the entire length of the
pre-nozzle (10a, 10b, 10c). 19. The pre-nozzle according to claim 18, characterised in that the
rectilinear sections (37, 38) in a cross-sectional view interconnect a plurality of, in particular two,
arcuate sections (39, 40). 20. The pre-nozzle according to any one of claims 18 or 19, characterised in
that the rectilinear sections (37, 38) are disposed at the side region of the pre-nozzle (10), in particular

opposite one another. 21, The pre-nozzle according. to any one of the preceding claims, characterised
¥ that th ratio of Mo ordafexP BT, <Al e ipdity iHen Blo,(58) G e UNE nETe 10m, 10,

10c) in the vertical directibarastérised éndhetitugiler tengtelof e, piebnd2zlh¢Etnisibeeneenfies : 1 and
4 : 1, preferably betweendgied(28) atdvieeh, tharligyar|y RAgle iR BHIYRE e Gxis I8P dtation-

(18) of the pre-nozzle (10a, 10b, 10c¢} and/or that the pre-nozzle (10a,

10b, 10c) has a lower profile angle (28) between the axis of rotation (18)

and the lower profile line (24) of the pre-nozzie {103, 10b, 10c¢), wherein

the opening angle (30) of the pre-nozzle (10a, 10b, 10c) between upper

and lower profile line (23, 24) of the pre-nozzle (10a, 10b, 10c} is greater

than twice the upper profile angie (28} or greater than twice the lower

profite angle (29).

12.  The pre-nozzle according to claim 11, characterised in that the opening
angle (30) of the pre-nozzle {10a, 10b, 10c) between upper and lower
profile line {23, 24) of the pre-nozzle (10a, 10b, 10c) corresponds to the
sum of twice the upper profile angie (28} and the angle of intersection
(27) or the sum of twice the lower profile angle {29) and the angle
intersection {27).

13. The pre-nozzie according to claim 11 or 12, characterised in that the

lower profile angie (20) is greater than the upper profile angle (28).

14. The pre-nozzle according to any one of the preceding claims,
characterised in that the water-inlet-side opening area {19} of the pre-
nozzle {10a, 10b, 10c) is bent or curved and in particular is formed over at
least two planes, which are at an angle (36) to one another, wherein the
angle {36) is greater than 90° and smaller than 180°.

15. The pre-nozzle according to any one of the preceding claims,
characterised in that the profile length {21, 22} of the pre-nozzie {103,
10b, 10c) between upper and lower profile line (23, 24) of the pre-nozzle
(10a, 10b, 10c) decreases continuousty from top to bottom.
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The pre-nozzie according to any one of claims 9 to 15, characterised in

that the value of the angle of intersection (27) is constant.

The pre-nozzle according to any one of claims 1 to 5, characterised in that
the pre-nozzie (10c) has a constant profile length {21, 22}, so that the
profile length {21, 22) is the same in the entire region of the pre-nozzle
{10c).

The pre-nozzle according to any one of the preceding claims,
characterised in that the jacket of the pre-nozzie (10a, 10b, 10c) when
viewed in cross-section comprises in particular two, rectilinear sections

(37, 38), in particular over the entire length of the pre-nozzie (10a, 10b,
10c).

The pre-nozzle according to ¢laim 18, characterised in that the rectilinear
sections (37, 38) in a cross-sectional view interconnect a plurality of, in
particular two, arcuate sections (39, 40).

The pre-nozzie according to any one of claims 18 or 19, characterised in
that the rectilinear sections (37, 38) are disposed at the side region of the
pre-nozzie (10), in particular opposite one another.

The pre-nozzie according to any one of the preceding claims,
characterised in that the ratio of the greatest length of at least one
opening area (19, 20} of the pre-nozzie (10a, 10b, 10c) in the vertical
direction to the average profile iength of the pre-nozzle (10) is between
15 :1and 4 : 1, preferably between 1.75 : 1 and 3 : 1, particularly
preferably between 1.75:1and 2.5 : 1.



