1 Propeller nozzle The present invention relates to a propeller nozzle, in particular for watercraft such
as, for example, ships. Drive units of watercraft, in particular of ships, comprising a propeller which is
surrounded or ensheathed by a nozzle ring or a nozzle are designated as propeller nozzles. Some
embodiments of such nozzle rings or nozzles are also called "Kort nozzles". In Kort nozzles, the
propeller disposed in the interior of the nozzle is normally configured to be fixed, i.e. the propeller can
only be rotated about the drive or propeller aRiagrRitetPBEA®0se the propeller is connected to the hull
by means of a rotatable but not pivotable propeller shaft mounted to run rigidly along the propeller
axis. The propeller shaft is driven by means of a drive disposed in the hull. The propeller is therefore
not pivotable (horizontally or vertically) but rotatable about its axis. In fixed Kort nozzles the nozzle

surrounding the.nsopelier jsalapdnedid@snet RigeEieandas e partaliBmsionsfdnsefesing the

thrust of the drive. In this respect these Kort nozzles are frequently used in tugs, supply ships etc.
which must ea@h asplpaaxemmRugting-such fixed Kort nozzles, an additional manoeuvring
arrangement, in particular a rudder, must be disposed in the propeller backwash, i.e. downstream of

the propeller nozzle when viewed in the directjon, of travel of the ship,.for controlling th ip.or the
watercraft. IfESYRHEBITD ‘?ﬁi&%?ﬁ?\%ﬁéﬂfé %?r&bcrﬂi%flgfl ﬁk%%‘t %%?ﬂe'%l hb22 eeggéo“rﬁ}gﬁrzsd to be
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manoeuvrin S FUGGErs Can be Teplaced or made-superfluous. Due to the pivoting of
the nozzle abtatrtheoaisles axis Kehiarorndrsallyeronepalitc diypobrs indhaldatarie eI AT the total
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the watercraft can thus be controlled. 2 Therefore pivotable or controllable propeller nozzles are also
designated asbasddéerddvresr. propelisrcadnt Easdhin@ERasH G RERPSUSH BEARBRFLS0® such that

the nozzle cap, be,srikg!grk Biseopredatinem Rl b disdrilisknosiiendosh sesiwshaged aod to port,
Controllable Kort nozzles are usually not rotatable Ry a full 3?0. .

run rigidly along the propeller axis. The propeller shaft is driven by means of a

drive disposed in the hull. The propeller is therefore not pivotable (horizontally

or vertically) but rotatable about its axis.

in fixed Kort nozzles the nozzle surrounding the propeller is also fixed, i.e. not
pivotable and has the central function of increasing the thrust of the drive. in
this respect these Kort nozzles are frequently used in tugs, supply ships etc.
which must each apply a high thrust. In such fixed Kort nozzles, an additional
manoeuvring arrangement, in particular a rudder, must be disposed in the pro-
peller backwash, i.e. downstream of the propeller nozzle when viewed in the

direction of travel of the ship, for controlling the ship or the watercraft.

In contrast to this, in pivotable or controllable Kort nozzles the nozzle is config-
ured to be pivotable about the fixed propeller, By this means, not only the
thrust of the watercraft is increased but at the same time also the Kort nozzle is
used to control the watercraft. As a result, auxiliary manoeuvring systems such
as rudders can be replaced or made superfluous. Due to the pivoting of the noz-
zle about the pivot axis, which normally runs vertically when installed, the direc-
tion of the total thrust vector (this is composed of propeiler backwash and noz-
zie thrust vector) can be changed and the watercraft can thus be controlled.



Another variant of propeller nozzles configured as rudder nozzles are those rudder nozzles in which
the nozzle is fixed relative to the propeller but the entire rudder nozzle, including nozzle and propeller,
can be swivelled by 360. Such propeller nozzles are also in some cases designated as
nozzle-enclosed rudder propellers. The nozzle or Kort nozzle in this case is normally an externally
approximately conically tapering, preferably rotationally symmetrically configured pipe, which forms the
wall of the propefiefonezaleofshi:resuticeiitbidBreingmiitbe pipelwwardsaise desigobtied sfsip, the
propeller nozzles can transmijt an additional thrust to, the watercraft without the, workin ity
needing to be riHaF%‘:;[s% %ZEF&n’g?vvﬁﬁetﬁéeﬁﬁfbﬁuﬁg%%-?%%rg\gmg BP(J)%tcegrYaEs, ;&tt[&e}%% n g\%gﬁ% urther
reduced by tRischmélamsthe that zleecns dessofisplied by keprgdedae dangie rsdordis drtiahpasdurse
stability can be, ngreased since e inerenbresissanenahingainalioaiozale. ualoibapszle
increases approximately quadratically with fncreasing ship's speed, their advantages are particularly
effective for diatwtshipy whidh3e0ist produce a large propeller thrust (e.g. tugs, fishing vessels etc.).
The propellers disposed inside the propeller nozzle comprise at least one, preferably a plurality of
propeller blades (e.g. 3, 4 or 5 blades). The individual propeller blades project radially outwards from
the propeller Auetiyaigariant ofrapenelienanzaies spafiguEng ancrddaiaeraies A ENA8 Bisktibuted at
regulahr inﬁf\(fj@é’? HOLE e @W@ﬁ'iﬁ%hﬁ’%zﬁé 8 flﬁ@dgr%ﬂléfﬁé%@tm@ hepeihe @r@pﬂi@ressh”aa, the |
propeller blades span a propeller area. This applies both for single-start screws, i. opeller nozzles
having only cfh’éiﬁ%ﬁé‘ﬂéﬁj%ddﬂél‘éw&%l%zﬁf? ﬁ?%ﬁ@ﬂﬁvﬁfg ﬁaﬁ‘h&?ﬁlﬁw B’reg%%g}’e; Bé’fdeg%%here the
plurality of prgpsiieldlasies lbea ioeesban spandha srorkiies eaeed \Ahaotile-prajedist isudiesved 3
from above, this is ysually a circular surface, where the outer edge of the circular surface in each

cases bears 85% e propeller blade end regions or outer propeller blade tips and its centre point
lies on the propeller shaft. The propeller blade end regions accordingly form the free end of each

propeller blade which \%vh%ef_nleg%vﬁgzgﬁﬁﬁ:%%z#gggiﬂgrjjsrm ﬂ%%étﬁ RiPREIeERIRde.AF the

greatest distance ?r‘\?Jr%l e propeller or safe functioning of the propellernozzle, it is absolutely
essential thatcanjepliyr tepecing iprefendolveetabio prbpaen matricaly cegideierad Pire ottt hropeller

blade tip, a”%?ﬁuénﬂ?é VAR YRS RN R SR d §AGI SR RITHAENAL APLRBSHERS that the

individual propeller blades can rotate unimpeded and no collisions occur as a result of vibrations. A

propeller nozHvAsEsHHIR AtRsv HfiEhectith S RrAGR it FE§ORANHIEI RSP LREr ARERPE! direction

of flow througly, Migickh theewaiee flowrs Wroiih thecperia thp prapeliesdingale whencteadudater)craft
is travelling forwards. The water flowing along in the inner marginal region of tlngﬁg{ggle in the
ller

region of the MRBE WAL ASRIGLHISIQRANMMBRY IE RGP B Ga P BERIEE o85S e regions
and inner walljgédheniogTie indhescatsatofiefloss paibf thseeghi theagay betwaan ropetecetade end

regions is designated in the present case as marginal flow. Singe the, ga
circumferentigﬂgkaatﬁ?)%ﬁ& Lfﬁ%‘%?%%bé“ ﬁ?gr%grlpé: %rz]ass&% g‘ ﬂfnect%ﬁiﬁ%}‘%{ %@%%ggﬁtgg%?fzﬁg?the
marginal flowgsomlsbetispozésl afistrinrtedozizteinfrarsiallyraronnin diele stired ratéeg i kesitbfithe nozzle.

tis generally knowp Ihak I pigoeliers,af RSl Rozles Lulelse s ey e region

of the propellgeﬁgag endreg IS tur les in the marginal flow described above.
Circulation losgushwiigbtretidectha ipegntepritettiusirepsitydsoiskingvgsehle 2cthis turbulence. It
fundamentally applies that the larger the gap, the stronger the circulation losses which occur.

Accordingly, the gap sizes, i.e. the distance from propeller blade end region to the inner wall of the
nozzle are diffilepfiErReley baisaasadiinsidsoturs apaklies gozzie comprise at least one, pref-

erably a plurality of propeller blades {e.g. 3, 4 or 5 blades). The individual pro-
peller blades project radially outwards from the propeller hub lying on the pro-
peller shaft and are usually each shaped the same and distributed at regular
intervals around the propeller hub. As a result of the rotation about the propel-
ler shaft, the propeller blades span a propelier area. This applies both for single-
start screws, i.e. propeller nozzles having only one propeller blade and also for
variants having a plurality of propeller blades, where the plurality of propelier
blades then together span the propeller area. When the propeller is viewed



4 minimum gap size which depends on the dimensions of the particular propeller nozzle should be
adhered to for safety reasons. It is the object of thegresent invention to provide a propeller nozzle in
which the losses of performance caused by turbulences of the marginal flow during flow around the
propeller blade end regions are kept as low as possible. This object is solved according to the present
invention in that flow guiding means for guiding at least a part of the marginal flow onto the propeller

area are provided gpoihe proprliganarzie citbgidiov sraicingymaansarerenfigigedinisechreumanner
that they deflect at least a part of the marginal flow ayway from |ﬁhe gfrmal flgw path from tl}e {gap and
n

onto the prop@liéHERES i B8R SSRILIAES AR RRANS RIRREHEE BIAEE & IR '8P e RAI§al flow
away from therteginer ok ifiperawallefctheropaia st analibe prpplidessaffataeRy dhisllereans it is

achieved tha art of the marginal flow which normally flows around the prapeller Ql d regions

is instead gu&féé)eoﬁ[Bjtﬁ%gb%ﬁ?ﬂfec%ﬁ?é%%h%’(@& éeﬁggs%gg 3(/) ﬁeea Br%@ﬁe@%gﬁé%gg}l%%b\?s out from

the propeller wherle/myeain da prapeldiahalivtetiackwabbtapdrthefethe rodeebahdistmatidhof

turbulence in the prapel o) i w guiding means are configured in such a
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manner that they marginal flow from its normal flow path along the inner
wall of the nozzle and guide it onto the propeller area, i.e. the propeller itself. In other words, at least a

part of the margiagtdIeihiAelisg e ine DR el dioneans fiTutas reasgialiahapazipner wall

region. Overall the flow rate of the marginal flow flowing through the gap.is reduced by thifsaéi‘ueans.

This leads toFesRREASISIBR R VESR tagiPBBlRTHasM PeHEFPelic HRRIBERE PEGRIH when

viewed in theglingelien:af, flyy and amareridideadsdoealinmpiaenwepldn ke, pyesalitparfarmance of
the propeller nozzle. The flow guiding mean%{ﬁk‘:;re ore I‘edL&%{:‘ 5 amount of water.flowig hrough

the gap betwEMHThERIRNISHIR e 19Ad 186iJACHE R PROR 3 R & RS The
flow guiding mefRs ealikiave anystaciuteddoofigilsedivonshich is suitable for deflecting a part of the
marginal flow away from the normal flow path from the gap and onto the propeller blade end region
surface. In particular, the flow guiding means are preferably formed by a suitable configuration of the
contour of thé\nozplelianerozal. has both a flow inlet region and a flow outlet region which

together specify a direction of flow through which the water flows through the
nozzie of the propeller nozzle when the (water)craft is travelling forwards. The
water flowing along in the inner marginal region of the nozzle, i.e. in the region
of the inner wall of the nozzle, that flows through the gap between propeller
blade end regions and inner wall of the nozzle in the course of a flow path
through the gap between propeller blade end regions is designated in the pre-
sent case as marginal flow. Since the gap must be formed circumferentially
around the propeller in order to ensure a functioning of the propeller nozzle,
the marginal flow is also disposed distributed circumferentially around the en-

tire inner jacket of the nozzle.

It is generally known that in propellers of propeller nozzles turbulence forms in
particular in the region of the propeller blade end regions. This turbulence lies
in the marginal flow described above. Circulation losses which reduce the per-
formance of the propeller nozzle occur due to this turbulence. It fundamentally
applies that the larger the gap, the stronger the circulation losses which occur.
Accordingly, the gap sizes, i.e. the distance from propeller blade end region to

the inner wall of the nozzle are dimensioned to be as small as possible, where a



The flow guiding means are expediently configured in such a manner that they guide a reasonable
proportion of the marginal flow, for example, more than half, more than 60% or more than 75% of the
marginal flow onto the propeller surface. The flow guiding means usually do not influence the
dimensions of the gap or the gap size. In particular, in the present invention the gap expediently
always has at least the minimum gap dimension required for the respective size of the propeller

nozzle. In paieyial AheHppaw RitNAEessdé BratHisaRteRrINe R tNopaiec bladeriptnegion and

inner wall of the nozzle, of 1% to 2% of the propeller diameter, preferably of 1.2% to 1.8%. Since the
individual propfiee phaikd Brcadhiparg HIRRERIREN FE83RRF 10 the direction of flow of the propeller
nozzle, the gap runs in the direction of flow over the entire depth of the inclined propeller blade. The
present propeller nozzle. acco%;(\j}ﬁg to the invention can be designed both as a cogtrollawﬁigﬁnant

(rudder nozzke) & hEa8R el VAR TR HURE HEHS IRV BIZBIESH 8 18P THE (BRtonabIe Propeller
nozzle can beheohfigutedt fosrdxamptecasaa cahiigllainleuentnpzddive aszgndddravozileingich can
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obtained in bofR VATTAITS. opeller nozzle according to the invention, the propeller is preferably
arranged between the centre of the nozzle and the flow outlet region of the nozzle when viewed in the

direction of flgp A AERNGTRALL B REReliE R WRERAPYh AR TN HIR TR Ranig relatve
e in the 1l u

to the inlet edge of the nozz ow Inlét region is particularly preferred. In particular, in

rotationally synearsrfes siigingsathie 3vopaartio tidhe apsaiphiRwWsaEp Ene iR s c@ififically to

the nozzle a@?éﬁmﬁé&gﬁ%@?ﬁ?@ igligaRefLEonstant width is obtained. The present invention can
be applied both to propeller nozzles having fixed propeller blades and also to those having adjustable

propeller blades. It is further preferred that the propeller nozzle is used in watercraft, for example,
ships. In pringipetibawgyeling eregpeiee nrigaeapiding ¢b theriavestichas nheyedtitiet 4o this
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blades, for exandplatwiths pdonrel grapeliembiaties vavedpreferrBdw means can guide at least a
part of the marginal flow away from the region of the inner wall of the nozzle
and onto the propeller surface. By this means it is achieved that a part of the
marginal flow which normally flows around the propeller blade end regions is
instead guided onto the propeller area where it is grasped by the propeller
blades and flows out from the propeller nozzle again as propeiler nozzle back-
wash and thereby reduces the formation of turbulence in the propeller nozzie.
Accordingly, the flow guiding means are configured in such a manner that they
deflect at least a part of the marginal flow from its normal flow path along the
inner wall of the nozzle and guide it onto the propeller area, i.e. the propeller
itself. In other words, at least a part of the marginal flow is deflected by the flow
guiding means from the marginal or nozzle inner wall region. Overall the flow
rate of the marginal flow flowing through the gap is reduced by this means. This
leads to reduced turbulence in the region downstream of the propeller blade
end region when viewed in the direction of flow and as a result leads to an im-
provement in the overall performance of the propeller nozzle. The flow guiding
means therefore reduces the amount of water flowing through the gap be-
tween propeller blade end region and nozzle inner wall in a defined time inter-

val.



In some embodiments the flow guiding means are configured in such a manner that they either guide
the marginal flow away from the inner wall of the nogzzle in the direction of the nozzle centre and
therefore onto the propeller area or that they allow the propeller area to be inserted or introduced into
the region of the marginal flow. In the last-mentioned alternative, the flow guiding means enable the
propeller blade end regions to be extended further outwards compared with the propeller nozzles of

the same dimgpsigng ‘F@ﬂm?fmbmedwﬂpﬁ b bayterHse arlareen hsapetien(diameeryuiyiskifting the
propeller or the propeller surface further outwards, a part of tpe m?&%inal % Wat Wo%(ilfnormally flow
through the g&p AEPRSHEIRR H@f&l‘é@%Wﬁ%&ﬂ'tﬂ@‘%ﬁé’Y%‘ft O QLRIENRIT fie B PR Eahce
without the mavgisa How oaesing torbe dedlebleddrom itegional flave phthpartituioyrtiad flawtrack.
Furthermore the performance of the prgpeller nozzle is further.increased hy enlargi ropeller.
The deflectioﬁ‘ﬂfp‘[ﬂ% quoqﬁetﬁéq%ﬁ'g%ﬁal%ﬂ%[g ho2A8 ib?/ecl Ye gvd%uuri&gﬁlogn rﬁgﬁl%g%%‘g ?ng to the
first previouskyfdesarietbalteematizt. should be understood in such a manner that the flow is in
particular deflected obliquely away from the edge. 7 In a preferred embodiment of the invention the
flow guiding means are disposed in the region of the propeller blade end regions or in the immediate
vicinity of the [Jepfrvheuidoys e dnade @ sanedienty mes tigwiethimedita Viante ot iaé &gy is
understood inthe present gasgnsudhABABIHBAkE AR sYiFing means sRD hosiserssd in the

gap, in the direction of flow upstream of the gap and/or in the direction of flow downstream of the gap.
That is, the fIalg ARG Meakd Yaarine ﬁ&l?é%&ﬁ@%ﬂ%%Miﬁ&’#’im‘?ﬁ@cﬁ&?eﬁ%‘?%l%ctly
upstream of the-gaR, through the gap as far as a position directly or immediately downstream of the
gap. If the flow means are disposed upstream and/or downstream of the gap, they should be arranged
in such a manner adjacently or in such a spacing that they can influence the marginal flow in such a
manner that they feswogidehatieasisasially aimibteipflopeiter HrealiBinnsiting thdwaempsare

configured for guiding the marginal flow whjch flows along the.inner wall of the no it pedient
to also arrandﬁ%lgEBrﬁ'i@%r@tR% '%b%la[ﬁdﬁh %é’éﬁ%eg% {qu'elﬁnigrn v(géﬁ SFRET o%ﬂzllé%éﬁ;eé lﬁ?)?/?/éguiding
means can intariruipéadtetattachich amsgadite @vsigro neys: &l tfer itin_e#’mltdﬁ‘iﬁéiie_zt_zfé"@& they can
oe formed in the wafbor et RILSHHIARZAR (R RHLE R etsiEle, tie daraydipgdneans can
be disposed it )Pln one region or' several separate regions of the nozzle when viewed in the
circumferentigirdipettiohletithentbretson rngréforewrbREvae thatziee abl g1 Pdhaare
configured ciigypaleraalialien hreRerife'c ringin the ciiouminieatileligerion.ef tisoare. It is

e

thereby ensured that the entire marginal flow in each regtlon of the nozzle is infliyenced by flow guiding

means. As a Ria0Rs @€ pisHalhn D6 Mt hressarat A8 e RIFGFIRR imidiovea KR HARRS o the

circumferentigyj aiangeman afltbefiov audinmmepnswirae eaa setfasmegttinopaniciialiind
controllable propeller nozzles, only in the two stern-side or starboard-side lateral regions of the

propeller nozﬂé‘?%‘ﬁ”@é §ap is enlarged in these regions by the swivelling of the propeller axis and
thus intensified turbulence can occur there. 8 In a further preferred embodiment, the flow guiding

means comprjse one or more recesses in the inner wall, or the wall of th t nt
context, the uﬁ.’ﬁ HeS '%ﬁ)&éle' & OREERI68E A \i:\t{?atpﬁeeri'nnd, of oen r%gg‘z?eg ﬁf%gﬁg?r?%g {tﬁé%fnterior of
the nozzle jackedooitthaide ale et ifr addeginoink)sectornlaitinedr v rsdicuathidings nogse

thickness whigh SeNiiRs Jomdne Al heNaKIa s Bhie! nozateeWen yiryedd adpngiiudinal

section of the propeller noz the thickness nozzle or the nozzle jacket is therefore reduced in
the region of depsassdycatapabladtortnariameant i BerRiraeFiror bty SHidRpbtad

particular, the profigahigkness, ghtagdiozzisiuihe FBoiaR GhiknfRAPYT adR hewrdugee eatapared to

the profile thickness of a nozzle having the same dimensions without a recess by 2% to 50% of the

profile nozzle igfiern@ss, RERRSEIMPSHY vE08 SariR IRRASRABHSEI BIZEYAfSATYRE to the

invention, the propeller is preferably arranged between the centre of the nozzle
and the flow outlet region of the nozzie when viewed in the direction of flow.
An arrangement of the propeller between 50% and 70% of the nozzle length
relative to the inlet edge of the nozzle in the flow inlet region is particularly pre-

ferred. In particular, in rotationally symmetrical nozzles, the propeller is dis-



In a longitudinal sectional view, the length of the recess can be between 5% and 50%, preferably
between 10% and 40%, particularly preferably betwgen 20% and 30% of the total length of the nozzle.
The recess can be formed only in certain sections or circumferentially when viewed in the
circumferential direction of the nozzle. As a result of the formation of a recess in the nozzle, it is
possible to form the propeller to be enlarged in the region of the recess or shortly downstream thereof

when viewed jndhe ditection,of fone A lasas Reeperiamptdhedaiginl few ariving dndheuragion of the

recess will not follow the profile behaviour of the nozzle in the region of the recess but will instead
further followfRéansizhgraRligRIABN A BRI81B8Eome detached from the nozzle edge in the
region of the recess. As a result of the enlarged formation of the propeller in the region of the recess,
the propeller area is thus introduced into the re%ign (ﬂg% mar%inal %ﬁ)w whicp thﬁn flowsf.stergight onto
the propeller H8aRSERE B JEYEFRNHER BroSe REPHRGSCRR 158 P TR At il eAG o iSRG iough the
now outwardlyrshidliest Gt ddenedcaiss sbatidsechtaking ddjensaibtethad peker heteshe propeller is
enlarged or the propeller blade end regions are introduced into the region of the recess, the minimum
distance between propeller blade end regions and nozzle inner wall re- 9 quired in each case is
ensured. Theltrécéset ieexpethertty dispdbedudirpetigrupstzdars ofed intatetior o tieepidpeller blade
end regions qr; th . ess.the.l t | [=Ta]l the

olons ahié Sige el AdusiReesR. B BORI L ALIBEARATIE 1 Hif irgai B

recess runs relatively rapidly outwards in're a’t_lon to the nozzle in a profile view. That is, the profile
thickness of tiseneszaet ricked sk thisl apasigatigligng gibeegtrrsrahapeksation st by Achieved

that only a pa&g)[fn% Wg@q@é@@g{@lmg@ﬁgggwardly directed profile and consequently the flow rate
in the region of the gap Is significantly reduced. Overall a sealing effect of the marginal region of the

nozzle or the gap is thus obtained as a result of the recess. Furthermore, compared with the prior art, it
is furthermoreg posHhiR e Use 21 Tepeendintioa & sapeidiabisdeerinmeliployiib W eesvlrthat the
performance of the propeller nozzle 'i?ifur(gger impégved. Iniﬂrinci%e the reéess can hat\)lf é\név shape as
long as the niFie WILHIRENEAIR RSP R I 5 ShEPFIBRBIGHY! chist OF 2 PEREL S rEIRFABY has a
step-shaped grefiieefemleging profile or a curved profile in a longitudinal sectional view of the nozzle. In
particular, in pivotably configured propeller nozzles or when using adjusting propellers, the formation of

the recess with curved profile line can be appropriate since the profile of the recess can be adapted to
the pivoting pathahtembpzigriarsudthne flrrammpeidieg iheatistanee wefigeesdiosuehrmeranagand

propeller blad, ng colop, (RTDAIRS 25 ARSIZL(SRN A% 95 Snaliss! WailR GRABAV! angle.

When viewed in the Irection of the nozzle downstream of the gap or downstream of the propeller
blade end regfothendirectios erithganeiidcosenintoand Hrreip i e HERBREAPBHRRERZAE or run

further in anoffier mannaf. (ks ARUYENERinPRsydan@ids dhs nordeweed. ifiberrazgrRrofile is

enlarged again downstream of the gap or the propeller blade end regions ywhen viewed in the direction

of flow, i.e. thEBoPEaHal fifkndLiiflagkeRetiian e HESHBIE L YmBWT B8 FREaRY the
recess is configyind ascaprosiemiatingdd keoraaies ef suck-asnadenfatidreisqadisedaryom-

advantageous I (e caoeof swavelabe propely poreles, snce e ASRIATPIAR TR ARpossle
art, i.e. to use a larger propeller (diameter). By shifting the propelier or the
propeller surface further outwards, a part of the marginal flow that would
normally flow through the gap in propeller nozzles known from the prior art is
guided into the propeller surface without the marginal flow needing to be de-
flected from its normal flow path or its normal flow track. Furthermore the per-
formance of the propeller nozzle is further increased by enlarging the propelier.
The deflection of the flow from the inner wall of the nozzie by the flow guiding
means according to the first previously described alternative should be under-
stood in such a manner that the flow is in particular deflected obliquely away

from the edge.



10 in each of the two pivoting directions. This applies to those pivot angles in which the propeller blade
end region is still located in the region of the indenta}ion. An improved sealing effect is also produced
by the indentation since the indentation seals the gap region in the sense of a labyrinth seal and only
an extremely small amount of flow flows through the gap. This sealing effect is particularly intensified
when the propeller is configured and arranged in such a manner that only the minimum distance exists

between propeller hiade enduagigmansinger Nl the o westRainkaldna;indestation). de- the

propeller blade end region is introduced into the region of the indentation. Furthermore, the indentation

has the resulP@FROCHHAPAIES RNRE e peferiBr B AR SARIFRE IR RIS tReHiBH 5 Re nozzle

wall is only nR{QFeRiN SR BINtAESAFORRHGOPRRILIEAHYr BEI HYRARBIING Oh ORirAcdiaine wrakening of the
nozzle structure occurs. When viewed jn th%circumferential directi%n of the nozzbeﬁ{thﬁfgiqﬁentation can
ial an

be formed in @b EAR AL N RAREIRFANG, RIS 61'QISHER 8 BRANGfet 2far groove
being formedgwithri Giieamferantial d¢ppligucationhd e mrofikthofdhe dtidentdtitmprefstedsiynrans as a

circular arc hgving the same curvatyre in.a longifudinal sectional vi f I ature
should advarﬂé%ggaswgyeg %'&iﬂg(ﬁ {5 t‘eogvﬁveﬁﬁnwg%%qétrr\%%z eoﬁ%gc%% 'rﬂ%%isr’ -twagt ﬂﬁ;{é}/ gap or
distance betvgedi mgopeltersbiade fend asgiohadiydaxiesditith v alvwestubdamiediatenseandinside the
indentation. Ip.ingivi esd irghle rvature. J =00 ) be
constant but fr? %g t%h%ﬁ%%ﬁs%&ﬁ%%gﬁﬂ%ﬁfg ow%%t?e%@%%%f {ﬁ%’%ﬁ%ﬁﬁé}? nt(cl;?ZleergleJE gs}ljrfl)((?:‘ce1 r?leuring
assembly thepedjasidy mowtristgasntlf dhmeanedifibe fowsmeanto Ihe AsRIshd RSB e
ensured that shfficienisPRGeSMANEID S4B New)a iR irssElion 4fba prepeles. daRARicalpsin this

embodiment it iIs’expedient if the indentation is configured as a spherical ball or spherical. This is

particularly a898HAGEINSHEDIARANE LB L IpHeP Bt MR BERMINAWCIMEHENR therefore
swivel over asgHARY iengthejiaesnres dathedsdsaraing.odloltie ipriissmeererespedient in this case
that the propeller blade end regions have a shape corresponding to the shape of the flow guiding
means or the indentation. Accordingly, in this exemplary embodiment the propeller blade end region is
to be providegimithth sphaiicakshapesvteiéghectpfmregutiing phepelizghlabfendyvegiohievsuld have

the same curvature as the spherg of the indentatign so that.the, gap_size remains con to a
certain predeﬁﬁ)&? &%/&'%Sﬁ\”ﬁ@ﬁ g%l]’&sﬂﬁéﬁperbgeﬁe?)fg %%ieeé1 ‘fgc ﬂ?giﬁ?o%% erg%o%rzolg,%ﬁ%&gr%peller
blade end reglon§lowtgeiticgsses shouldhecivorfiguabdidlhonezpendhe dwevagivtiog sndwmatched
fo one anothgal 3 ENAHELY elduinacdusImenthiss pieeler Waden Gbaaeng! ihe
angle of incidence), a corresponding configuration is ensured or the gap dimension is constant. In a
further preferrad@sepipthsy erabdeinfermedeinotbgudEl Pmitiey corbpédbreezHR & pRGRCtion
bodies proje%i%ggljpm the inner wall of the nozzle. The projection body or bodies should expediently
be disposed in the immediate vicinity of the gap. In particular, the projecting body is at least disposed
upstream of the gap when viewed in the flow direction. The one or more projecting bodies are

configured ingughcBR)NETRIVhEYidriteridhndtarg hatiigysrctblagshaopartegidie onaeginal flow

away from the nozzle wall in the direfctgjon of the nqzzle centr _or%ropeller ea. For §>.<a le, the
projection bofféd (EPPERIESRRRIRG LTS BRZGIRY Er’ﬂiéﬂ%?gge% & U MYETeRHE] GVESHSR of the
nozzle. Such ¢f htllgeshdeldibe alighect b proxievate  pathkefimtheuidipg macddisione aroafigitional
bulge can be disposed downstream of the gap. Alternatively the c f inner wall can
run straight oPWian Ut %%ngé i%trﬂ%%]d%s% 1 O%V%RS Feg%ao? %Eg %ﬁ@%ﬁ% irig ﬁ@%ﬁ%ﬁﬁﬂm
direction of thiheowrzeleT Hissésatshin amsineddifiet theatintjrefiverginakfiande epahasgivntofeal. The

projection bogies g 50 AR LAKEIESiAg EURIFINTR S9ESA e GRR e RINS AL FORREANL Smal) as

possible up to a certain pivot angle when swivelling the nozzle. The configuration of the projection

body is prefeithisiyraagastiar taar@erdwliv tirn isprayes thiienaativslietr e sHgueRrEMount of
turbulence is ﬂ@ﬂg&ﬂé}%? froiasipr heshs Theroiestion badiss pevinednia Hherinierenaf the

nozzle and are con i?ured to guide the marginal flow. . )
able propeiler nozzies, only in the two stern-side or starboard-side fat-

control
eral regions of the propeller nozzle, since the gap is enlarged in these regions by
the swivelling of the propelier axis and thus intensified turbulence can occur

there,



12 Itis particularly preferred that the configuration of the flow guiding means and the configuration of
the propeller blade end regions are matched to onegnother in such a manner that the gap is
substantially constant up to a pivot angle of the nozzle of 5, preferably up to 10, particularly preferably
up to 20. Expediently all the propeller blades are configured to be the same. In other words, in a
pre_defined pivot angle range the t_hickness of the gap, i.e. the distance between propeller blade end
region and negzleqngr waldpmalns 6 sAmEThe R RalR R AIBsA L deiglibersiRager wih
reference to severa exemplfary embodiments s dwn in the dfawings. In the figures, schematically: Fig.
1shows a cutenvesy m@aﬁﬁﬁ%i@iﬂmab@pﬂ&@lélm’rﬂtﬁzwg“ PigthesRsle dn B8 atRE Vs BRXisection of
the diagram from £g, 1&&@%?%%%%8@%\98&/@m«%_@évm?mﬁﬁa@ﬁguﬁrmzméaom&ig. 1 with

nozzle swivelled by 5, Fig. 3shows a sectional view of the pivotable propeller ngzzle from Fiq. 1 with
nozzle swivelie@ Bjtegor of the nozzle jacket or the nozzle wall in a longitudinal sectiona

view or a reduction in the nozzle thickness which deviates from the profile be-
haviour of usual nozzles. When viewed in a longitudinal section of the propelier
nozzle, the thickness of the nozzle or the nozzle jacket is therefore reduced in
the region of the recess by a larger factor than immediately before and/or after
said recess. In particular, the profile thickness of the nozzle in the region of the
recess can be reduced compared to the profile thickness of a nozzle having the
same dimensions without a recess by 2% to 50% of the profile nozzle thickness,
preferably by 3 to 25%, particularly preferably by 5% to 15%.

In a longitudinal sectional view, the length of the recess can be between 5% and
50%, preferably between 10% and 40%, particularly preferably between 20%
and 30% of the total length of the nozzle.

The recess can be formed only in certain sections or circumferentially when
viewed in the circumferential direction of the nozzle. As a result of the forma-
tion of a recess in the nozzle, it is possible to form the propelier to be enlarged
in the region of the recess or shortly downstream thereof when viewed in the
direction of flow. A large proportion of the marginal flow arriving in the region
of the recess will not follow the profile behaviour of the nozzie in the region of
the recess but will instead further follow its normal straight flow path and thus
become detached from the nozzle edge in the region of the recess. As a result of
the enlarged formation of the propelier in the region of the recess, the propelier
area is thus introduced into the region of the marginal flow which then flows
straight onto the propeller area or is grasped by the propeller blades at least in
part, instead of flowing through the now outwardly shifted gap. Here care
should be taken to ensure that even when the propeller is enlarged or the pro-
peller blade end regions are introduced into the region of the recess, the mini-

mum distance between propeller blade end regions and nozzle inner wall re-



Fig. 4shows a perspective view of the pivotable propeller nozzle from Figs. 1 to 3, Fig. 5shows a
cutaway view of a non-pivotable propeller nozzle, Fig. 5Ashows an enlarged view of a section of the
non-pivotable propeller nozzle from Fig. 5, Fig. 6shows a perspective overall view of the non-pivotable
propeller nozzle from Fig. 5, Fig. 7Ashows a view of a section of another embodiment of a pivotable
propeller nozzle with a front bulge,

quired in each case is ensured. The recess is expediently disposed directly up-
stream of or in the region of the propeller blade end regions or the gap.

As a result of the recess, the inner wall of the nozzie in the region of the recess
runs relatively rapidly outwards in relation to the nozzle in a profile view. That
is, the profile thickness of the nozzle is reduced relatively rapidly in the region of
the recess. It is thereby achieved that only a part of the marginal flow follows
this inwardly directed profile and consequently the flow rate in the region of the
gap is significantly reduced. Overall a sealing effect of the marginal region of the
nozzle or the gap is thus obtained as a result of the recess. Furthermore, com-
pared with the prior art, it is furthermore possible to use a propeller having a
somewhat larger diameter with the result that the performance of the propeller

nozzle is further improved.

in principle, the recess can have any shape as long as the nozzie profile is
thereby reduced in the region of the recess. The recess preferably has a step-
shaped profile, a sloping profile or a curved profile in a longitudinal sectional
view of the nozzle. In particular, in pivotably configured propeller nozzles or
when using adjusting propellers, the formation of the recess with curved profile
line can be appropriate since the profile of the recess can be adapted to the
pivoting path of the nozzle in such a manner that the distance between nozzle
inner wall and propeller blade end region remains as constant (small) as possi-

ble, at least up to a certain pivot angle.

When viewed in the flow direction of the nozzie downstream of the gap or
downstream of the propeller blade end region, the recess can again go over into
the normal profile behaviour of the nozzle or run further in another manner, for
example, rectilinearly towards the nozzle end. If the nozzle profile is enlarged
again downstream of the gap or the propeller blade end regions when viewed in
the direction of flow, i.e. the nozzle wall thickness increases again or the nozzle
inside diameter decreases, the recess is configured as an indentation. The for-
mation of such an indentation is particularly advantageous in the case of swivel-

lable propeller nozzles, since the gap is kept as small as possible by this means



Fig. 76shows a view of a section of another embodiment of a pivotable propeller nozzle with a front
and a rear bulge, Fig. 8Ashows a view of a section éanother embodiment of a non- pivotable
propeller nozzle with a front bulge, Fig. 86shows a\ai w of a section of another embodiment of a non-
pivotable propeller nozzle with a front and a rear bulge,. 13 In the various embodiments presented in
the following the same components are provided with the same reference numbers.

in each of the two pivoting directions. This applies to those pivot angles in which
the propelier biade end region is still located in the region of the indentation. An
improved sealing effect is also produced by the indentation since the indenta-
tion seals the gap region in the sense of a labyrinth seal and only an extremely
small amount of flow flows through the gap. This sealing effect is particularly
intensified when the propeller is configured and arranged in such a manner that
only the minimum distance exists between propeller blade end region and inner
wall (at the lowest point of the indentation), i.e. the propeller blade end region
is introduced into the region of the indentation. Furthermore, the indentation
has the result that compared to the propeller nozzle according to the prior art,
the profile of the nozzle wall is only narrower in certain areas and consequently
no weakening or only a slight weakening of the nozzle structure occurs. When
viewed in the circumferential direction of the nozzle, the indentation can be
formed in certain areas or circumferentially, with a type of closed or circumfer-

ential annular groove being formed with a circumferential configuration.

The profile of the indentation preferably runs as a circular arc having the same
curvature in a longitudinal sectional view of the nozzle. The curvature should
advantageously be matched to the swivelling of the nozzle in such a manner
that the gap or distance between propeller blade end region and inner wall is
always substantially constant inside the indentation. In individual cases it can
also be desirable that the curvature is not configured to be constant but in par-
ticular runs flat towards the flow outlet side of the propelier nozzle since during
assembly the propelier must frequently be inserted from this side into the noz-
zle and it must be ensured that sufficient space remains in the nozzle for inser-

tion of the propeller.

tn particular in this embodiment it is expedient if the indentation is configured
as a spherical ball or spherical. This is particularly advantageous in view of the
fact that the propeller blades are usually inclined and therefore swivel over a

certain length with respect to the indentation.



Figures 1, 1A, 2, 3 and 4 show a pivotable propeller nozzle 100 in various views. The propeller nozzle
100 comprises a nozzle 10 in the interior whereof a propeller 20 is disposed. The propeller 20
comprises a propeller hub 21 which lies centrally onthe propeller axis 24. Four propeller blades 22
project from the propeller hub 21 in the radial direction (see Fig. 4). In the sectional views from Figs. 1
to 3 only two propeller blades 22 are shown for clarity. Water flows through the nozzle 10 in the

principal diregion o flow 39 from the aqale beainaing 43 tohe pRzziaand e s egppection the

flow inlet region or ow outlet region of the nozz are designated by the referenceé numbers 31
and 32. An irfteretatiohals isadigsosetingthe thashang o5 Bhendove BEITE JppriGMAIEIE Hthe centre

between nozgle beginning 13 ARdiNOr7IsrNELMpRe) vinwsdindhe Mg sliactpmerdia 30.

From an indentation beginning 151 the cross-section or the thickness of the nozzle profile is reduced

to a lowest péREIRN iR RERIGA S Widh? wRRST G thare yeath herBRI&RbERLPIRE 02 2le 10

increases agip g der v disie sFion aadelfi Affge harpderdaliomengta biethwrideall 12 again
goes over into the normal nozzle profile. The lowest Eoint of the indentation 15 Eﬁ%ﬁtt e centre

between the FE&%ERoHBEJMRHIBEPLETSAETRR O &RatPs3 SRR AR RVCnfigured
to be circumfgrgnsialfing tha gitetimge il direistiopeaf thethezale Adllenchiburieprithigespellannular
groove. The indentation 15.is configured as a circularsarcshaped profile.in th f the inner wall
12 of the nozgfé%%[?#;‘i%%"é‘ ?e?gti% ?yrﬁé:te éa?\s}astﬁ?é{@sg %acnnggp ch |fité)d Of 'i%%ﬁgfge&ig ﬁ?dicated in
Figs. 1, 2 ancBptherindédmtatisrch&chis eneomstahe cimsttheaoventias ghate uiiogratiustoeot the

nozzle 10. 1422 is al ir -alC- i . r ' arc has the
came curvantE B8 S Bel o e R S RIS e RAEET, & e
corresponds totfigsrjsnds gnsingsheatbe S50 IR thensiga s vrPigs. 1, 1A, 2 and 3 the curvature

of the circular arc runs from the beginning 231 of the propeller blade end region 23 to the end 232 of
the propeller blade end region 23. Since the propeller blades 22 are twisted or wound into themselves,

i.e. about thelPlarfgihenarafe&r et prrne SoRMRRAEDATT e HRNANFNEIRSATT RIS is
obtained. In Rige bina@roprbpsiingdBddesplosaian ifibmzere positionli.ef itHe notslwivilied. In a
state mounted on a ship, the ship would therefore be travelli traight he%g. Accor(yn?g/ the nozzle
axis 11, Whicﬁr&iﬁgtt‘fé'?\ﬂ?é’lﬂ)’tﬂﬁgﬂﬁ 'Hie> BE%eqﬁ%%‘?mﬁitggiraéﬁ F&%Hﬁ, "8 IR Mon of flow
30, and the peppefler aiis gblinameetiewdngtiiesr. grojaetirigumity fsost RandiBptheedarzierédns in each
case swivelled about the propeller axjs 24, b ivat angle a..In the view in Fig. 2 .the.pi ngleais 5
and in Fig. 3 ﬁ.’flé ?).gﬁpcé{‘ﬁ"sg LEKS I‘Plgt. tﬁ% tt‘%r(ﬁ%%&grﬁa%ﬁeee%ﬁrﬁe%ﬁ%é i%l%r%g@éa%ted
opposite the ieder@tionfiggiading $3dhoa indentatidhasndheg2eftach toeswivedinphdiay whed the

swivel is over 40, (e pronglar Digts 6nd aI9NS.23 Ie-auisile b BUBIRHoR Lo R iR Bivot ande

a of 10, on the other , the propefler blade end regions 23 lie inside the indentation 15. As a result
of the spheriddidararatiorestiieedndsanaiinr Bsemd enceiropeitertbRMsURetiRyiBRYILS fithiBe same

curvature, e giSigIREPRWCR BHORALRRIAYA £0 h G B3randhe inamiced pbmaqssle 12 or

the thickness of the gap 40 is the same size and unchanged (consta%n each case. In th(g view in

Fig. 1A, arroviepiiiedl ilaardasist dircaianpBars areAtRbARRT RIS )5 &hi'th@@irse of
the marginal i, By daitherepwsrzeidhe bozlp dveer asilinrafieot thegayaytetiutdsyin the
region of the nozzle beginnjng 13, th%z,ow flowsgrom different. irtection in the r%%opoof g})e edge, i.e.
in the region (’Eh?séofﬁtfwéﬂuﬁ?ffg% {Re 3l SRR SRR IR Y ML P RGO & nqarginal
flow 33 flows lodewhe treaaieoiveticlZaasiaeas/tbe éntienthtdormpyidivag disdctidreohtieritp of the
marginal flowgg LH%Q P&Eﬂ{pﬁ{ ];ory?n Bnsified sealing effect in the sense of a labyrinth seal.

The projection bodies can also be provided with a curvature so that the gap re-

mains as constant {(small) as possible up to a certain pivot angle when swivelling

the nozzle. The configuration of the projection body is preferably adapted to the

flow in such a manner that no turbulence or only a small amount of turbulence

is produced by the projection body. The projection bodies project into the inte-

rior of the nozzie and are configured to guide the marginal flow.



15 the course of the inner wall 12 into the indentation 15 but flows straight ahead in a laminar fashion
and impinges upon the propeller blade 22. Compared with the amount of the marginal flow 33 before
the indentation 15, only a severely reduced amount H flow 331 then flows through the gap 40 between
propeller blade end region 23 and indentation 15, with the result that the region of the gap 40 is "quasi”
sealed. This has the result that less turbulence occurs in the propeller wake. The marginal flow 33
grasped by tﬂe. ropeller, blade 22 flows further from.the propeller, 2Q in the direction of the ngzzle end
14 either in t E'Ee%%%l%!fl %ﬁ@ %ﬁeﬁ'b%voﬁ}%%ﬁ%g%cgnct?g%glfﬁge{lrﬁgg)nzg}l?etﬁrg ifp é’?ﬁé%g‘gg‘ sr% %’e@nozzle inner
wall 12 againths manfmaldtow inftiibdupttepalbursdadetieothoLgo 29 arpignisabeshiglionedan-
substantially sﬁfé#ﬂ%ne‘aﬁ@ ARG SuBe SR RONPAARRY QPRI the

invention, namely a nonpivotable propeller nozzle 200. The propeller 20 and the nozzle 10 of the

propeller nozekthemarele ifyursefauBbistrly 3Py tiswhs yrapriesa hlyzsr todPirdmifsys. 1 to 4.

in relation to g NRZziehe SR diflerencR isthat shedrentasior UadRdhreprarier RRFAs, 200 has a
circular arc-shaped profile but the circular arc g?r]gfile as a very much greater cu%ature thslg that in the
SeDery

propeller noz2I@MEStElNed Rixal ARSIt FRMELIEE1ENAKIRSS A tHaeH8APdikEtdIF uch
shorter, i.e. thedisiasien DRWBRIIERDES BB Dag A IdSAmndialeatations ehd daRén the propeller
nozzle 200 is very much shorter than in the propeller nozzle 100. This indentation 15 is also configured
as a circumferential annular groove (see Fig. 6). The propeller blade end region 23 of the propeller
blade 22 hasEheitiewianiasn-ghepekd ipedile iddtel\hevnsnafteg sy Blaneférendeeto teyamivexere-of the
circular arc approximately. corresppnd to.thg profile of the i ion 15, i. o propeller blade
end regions %pae{ﬁcfm 8%@%‘?’?&1%93% Q:(')r}lﬁé%r%'g%ir&%gﬁei%%%rg%ﬁgﬁé%ﬁogmgﬁr%ﬁrﬁe the nozzle 10 of
the propeller nozzle 200 is not swivellable, the propeller blade end region 23 can taper very much

more pointedh/é?g.?. be congilg%é%dﬁggz@%\%%g,gy&w H?%%ﬂé?@b@é%&é’ll@?%%zﬁ@m the propeller nozzle

100. Similarly &% in the prope in the propeller nozzle 200 a large part of the marginal
flow 33 does Figt fidw througiemeagepniersed ikigrashadastion igiba eRs@Mdermtdh beginning 151
by the propellgpbjade 22 (3r8Fi% Sédkiok: BALWBERRPIARSII Q78R Abskia thenprapeller nozzle
200, the propeller blade end regions 23 are introduced deep into the indentation 10 in such a manner
that they project outwards WHEr Bzl ivgli®e ¥ before the indentation beginning 151 or after the
indentation epes152. It is thewshy pessitim hatdhedironeprictitamreyellalargerelizorateigiar the
same nozzle outer dimensions compared, WF:I% ropﬁﬂer nozzles from the prior art. Figures 7A and 7B
show another embodiment"{‘J'FE 'E)Wéigﬁl‘éﬂ §|BY Zzle where only a section of a propeller blade 22
and a sectionfigraugh the sharle 20pnssbotive Measordfastaoptive pivttabie pribee herznieziterfrom Figs.
1, 1A, 2, 3 and 4, the pivoti;_lllolse r (f’)gller nozzle shown in Fig. 7A is not provided with an indentation in
the inner wall 12 of the nozzfe 10. nstead, a projection body configured as front bulge 17 is provided
upstream of thizpSopeller iade/22 onttheayodely wirenaaipivoiahletieeeiiss BEABR. The bulge 17
runs cireumfegepigll in the cigufeialial ATGRIPG AIONG {15 AAHE PRI R efomS an
annular bulge. Ih the view in Fig. 7A, the outer edge of the front bulge 17 is approximately arc-shaped.
The marginal flow 33 flowirﬁ@éﬂ%ﬁr@@ﬁ@ H8z2le inner wall 12 is deflected by the front bulge 17, at least
partially, inwaggs gto the ngzalpsintesiorpedtisdhysaHilobantr theerrne sviNg 2 Brosensdingly, the
marginal flow 33 is guided at least partially away from the gap 40 between the propeller blade end
region 23 and the nozzle iMMFRANAP. FiéeSfront propeller blade end region 23 has the same
dimensions oygy. itgentire cirewsiarontial giefikactiem sesinoeh thecenibeetimentigifratisinathtiie bulge in
the cross-sectional view with c‘geg?tant 3@ radius ?o tngu!ence or only slight turbulence occurs during
deflection of the marginal RGPS ST 1RP4R6 ¥ uPecﬁH 4 g\?nvelling of the propeller 22 is still possible
and this is noflgogRed by thiedwantbritge ©7 alwangdhecsvaivetiveg probestnventiofsaindiciaddy the

circle shown in part in Fig. 7A. A g{rﬁguzq@owm%s ‘?_QF]H‘E IIE% %Qh’é%e 17, the gap 40 between

. e . . . .-
propeller blade end region B%"Brﬂ?i nozzle inner wa is as smal? as possible in all pivot positions

between the Zdgo$sition ahdutse drofepulge a7section of another embodiment of a non-
pivotable propeller nozzle with a front bulge,
Fig. 8B shows a view of a section of another embodiment of a non-

pivotable propeller nozzle with a front and a rear buige,.



17 The diagram in Fig. 7B shows an embodiment in which compared to the design from Fig. 7A, a rear
bulge 18 is provided in a pivotable propeller in addit'hosn to the front bulge 17. The rear bulge 18 is
disposed downstream of the propeller blade 22 in the direction of flow when the nozzle 10 is not
pivoted. The rear bulge 18 is configured to be substantially the same compared with the front bulge 17,
i.e. also as a circumferential annular bulge in the circumferential direction. The additional provision of

the rear buige, 14 IOGHEES B NGHFASHRL SEAINELIEGh B ANBASE @he MENDrAgBhdire diagrams

in Figs. 8A and ¢ iCh show a non-pivotable propeller nozzle where in the diagram in Fig. 8A a front
bulge 17 is pa@mae@yadﬁﬂlmﬂetémmm@f?mmg.W%&f bulge 18 is additionally provided. Since
the propeller nozzle is non-pivotable, the bulges 17 or 18 are disposed at a shorter distance from the

propeller blade 22 than is the case with the bulges 17, 18 of the pivotabl I le f Figs.
7 and 75. TREUTERA St BADES EROHS B RIS 2 BE O 5al L arEcle LAtbouitn the

bulges 1761& H@@r%ﬁ%ﬂﬁ\ %@QIEBLG?@WE@@@WZQ@IQG hutgesidikrks indrerenfsa §AoBB-also runs
in a curved manner but the degree of curvature.is not constant. As a result the shape, of the bulges 17,
15 in Fige. SACBED R TE A Rt PO LD RS DA e s S 38 555t o
Sm%”%St possiikyaap e andibkceiais a4qyreatesp pyssicleldeding 2 ffeojdsoibtimthl iprdnsde
embodiments accoyding.to. Fig. 8A an th inal flo s di 17 f

the nozzle ini"aerrck}\%[il % |irr1“;ch§qJ§1 %‘R?ﬁﬁ%%‘%@éﬁ%%@ﬁzﬁ?%i\éfé%gfée |s?}%(%%€é%ﬁgllpe%%§lzzle o
(pivotable) 2@6Propdlieéwnquzipdienbibdes bk p 1O suwe FOTNEFAE axis

Water flows through the nozzle 10 in the principal direction of flow 30 from the
nozzle beginning 13 to the nozzle end 14. In this connection the flow inlet region
or the flow outlet region of the nozzle 10 are designated by the reference num-
bers 31 and 32.

An indentation 15 is disposed on the inner wall 12 of the nozzle 10 approxi-
mately at the centre between nozzle beginning 13 and nozzie end 14 when
viewed in the principal direction of flow 30. From an indentation beginning 151
the cross-section or the thickness of the nozzle profile is reduced to a lowest
point of the indentation 15, from which the cross-section or the thickness of the
nozzle 10 increases again as far as an indentation end 152. After the indentation
end 152 the inner wall 12 again goes over into the normal nozzle profile. The
lowest point of the indentation 15 lies at the centre between the indentation
beginning 151 and the indentation end 152. The indentation 15 is configured to
be circumferential in the circumferential direction of the nozzle 10 and thus
produces an annular groove. The indentation 15 is configured as a circular-arc-
shaped profile in the surface of the inner wall 12 of the nozzle 10 and has a rela-
tively flat curvature. As can be identified by the circle 16 indicated in Figs. 1, 2
and 3, the indentation 15 has a constant curvature over the entire circumfer-

ence of the nozzle 10.

The individual propeller blades 22 are inclined obliquely in relation to a radial
axis. The propeller blade end region 23 i.e. the free end of the propeller blade



12Nozzle inner wall 13Nozzle beginning 14Nozzle end 15Indentation 151 Indentation beginning 152
Indentation end 16Circle 17Front bulge 18Rear bulgle4

22 is also circular-arc-shaped or spherical, where the sphere or the circular arc
has the same curvature as the indentation 15 so that the shape of the propelier
blade end region 23 corresponds to the shape of the indentation 15. In the side
views of Figs. 1, 14, 2 and 3 the curvature of the circular arc runs from the be-
ginning 231 of the propeller blade end region 23 to the end 232 of the propeller
blade end region 23. Since the propeller blades 22 are twisted or wound into
themselves, i.e. about their longitudinal axis, a spherical configuration of the

propeller blade end region 23 is obtained.

In Fig. 1 the propeller nozzle 100 is located in the zero position, i.e. it is not
swivelled. In a state mounted on a ship, the ship would therefore be travelling
straight ahead. Accordingly, the nozzle axis 11, which runs centrally through the
nozzle in the longitudinal direction, i.e. in the direction of flow 30, and the pro-
pelier axis 24 lie on one another. In the views in Figs. 2 and 3, the nozzle 10 is in
each case swivelled about the propeller axis 24 by a pivot angle a. In the view in
Fig. 2 the pivot angle a is 5° and in Fig. 3 it is 10°. It can be seen in Fig. 3 that the
propeller blade end regions 23 are located opposite the indentation beginning
151 or indentation end 152 with a 10° swivel. That is, when the swivel is over
10°, the propeller blade end regions 23 lie outside the indentation 15. Up to a
pivot angle a of 10°, on the other hand, the propeller blade end regions 23 lie
inside the indentation 15. As a result of the spherical formation of the indenta-
tion 15 and the propelier biade end regions 23 with the same curvature, the
distance between propeller blade end region 23 and the inner wall of the nozzle
12 or the thickness of the gap 40 is the same size and unchanged (constant) in

each case.

In the view in Fig. 1A, arrows provided with the reference number 33 are indi-
cated, which represent the course of the marginal flow. Due to the course of the
nozzle inner watl 12 which curves away outwards in the region of the nozzle be-
ginning 13, the flow flows from different directions in the region of the edge, i.e.
in the region close to or abutting against the nozzle inner wall 12. In the further
course the marginal flow 33 flows along the nozzle wall 12 as far as the indenta-
tion beginning 151. The majority of the marginal flow 33 then no longer follows



20Propeller 21Propeller hub 22Propeller blade 23Propeller blade end region 231 Beginning of

propeller blade end region 232 End of propeller blade end region 24Propeller axis 30Principal direction
of flow 31Flow inlet region 15

the course of the inner wall 12 into the indentation 15 but flows straight ahead
in a faminar fashion and impinges upon the propelier blade 22. Compared with
the amount of the marginal flow 33 before the indentation 15, only a severely
reduced amount of flow 331 then flows through the gap 40 between propeller
blade end region 23 and indentation 15, with the result that the region of the
gap 40 is “quasi” sealed. This has the result that less turbulence occurs in the
propeller wake. The marginal flow 33 grasped by the propeller blade 22 flows
further from the propeller 20 in the direction of the nozzle end 14 either in the
region of the main flow in the centre of the nozzie or it abuts against the nozzie
inner wall 12 again as marginal flow in the further course of the nozzle 20. This
is accomplished substantially after the indentation end 152,

Figures 5, 5A and 6 show another embodiment of the invention, namely a non-
pivotable propelier nozzle 200. The propeller 20 and the nozzle 10 of the propel-
ler nozzle 200 are configured substantially similarly to the propeller nozzle 100
from Figs. 1 to 4. in relation to the nozzle 10, one difference is that the indenta-
tion 15 in the propeller nozzle 200 has a circular arc-shaped profile but the cir-
cular arc profile has a very much greater curvature than that in the propeller
nozzie 100. As a result, the indentation 15 viewed in the flow direction 30 is very
much shorter, i.e. the distance between indentation beginning 151 and indenta-
tion end 152 in the propeller nozzie 200 is very much shorter than in the propel-
ler nozzle 100. This indentation 15 is also configured as a circumferential annu-
lar groove (see Fig. 6). The propeller blade end region 23 of the propeller blade
22 has a circular-arc-shaped profile in the views in Figs. 5 and 5A where the cur-
vature of the circular arc approximately correspond to the profile of the inden-
tation 15, i.e. here also propeller blade end regions 23 and indentation 15 are
configured to correspond to one another. Since the nozzle 10 of the propeller
nozzle 200 is not swivellable, the propeller blade end region 23 can taper very
much more pointedly, i.e. be configured to be narrower than in the propeller
blades from the propeller nozzle 100. Similarly as in the propeller nozzie 100, in
the propelier nozzle 200 a large part of the marginal flow 33 does not flow
through the gap 40 but is grasped in the region of the indentation beginning 151
by the propelier blade 22 {see Fig. 5A).



32Flow outlet region 33Marginal flow 331 Reduced marginal flow 40Gap 19 Claims A propeller nozzle
(100, 200), in particular for watercraft, comprising a nozzle (10) and a propeller (20) having at least
one propeller blade (22), preferably a plurality of pro%ller blades, said at least one propeller blade
(22)being rotatable about a propeller axis wherein the at least one propeller blade (22) spans a
propeller area through rotation about the propeller axis, wherein the at least one propeller blade (22)
comprises a propeller blade end region (23), wherein the propeller (20) is disposed inside the nozzle
(20) in such a manner that a circumferential gap (40) in the circumferential direction of the propeller
nozzle (100, B6fN is firenpeopetilesarotizéept6palied émdhegioog@iBrandzihe Ritsrivalp(bRedethe

nozzle, wherein the gap (40) alloys for p ginal f é i gl (33)
flowing in the%llarég 8% f%)é%ﬁh%errlsw%\ﬁsé% ’oﬁﬁo‘j}aﬁrﬁ%gzg?g?géalﬁg%eﬁé\% ﬁﬁéﬁgﬁg@aggiéﬁnaétrr%ns are
provided for guédingrahletatharrofeht ensnginds tuar (88) vrmertwa presidergioge the inden-
tation beginning 151 or after the indentation end 152. It is thereby possible that
the propeller 20 can have a larger diameter for the same nozzle outer dimen-

sions compared with propeller nozzles from the prior art.

Figures 7A and 7B show another embodiment of a pivotable propeller nozzie
where only a section of a propeller blade 22 and a section through the nozzle 10
are shown. In contrast to the pivotable propeller nozzle from Figs. 1, 1A, 2, 3
and 4, the pivotable propelier nozzle shown in Fig. 7A is not provided with an
indentation in the inner wall 12 of the nozzle 10. instead, a projection body con-
figured as front bulge 17 is provided upstream of the propeller blade 22 on the
nozzle inner wall 12 in the direction of flow. The bulge 17 runs circumferentially
in the circumferential direction along the nozzle inner wall 12 and thus forms an
annular bulge. In the view in Fig. 7A, the outer edge of the front bulge 17 is ap-
proximately arc-shaped. The marginal flow 33 flowing along the nozzle inner
wall 12 is deflected by the front bulge 17, at ieast partially, inwards into the noz-
zle interior and is thus guided onto the propeller wing 22. Accordingly, the mar-
ginal flow 33 is guided at least partially away from the gap 40 between the pro-
peller blade end region 23 and the nozzie inner wall 12. The front propeller
blade end region 23 has the same dimensions over its entire circumferential

profile.

As a result of the curved configuration of the bulge in the cross-sectional view
with constant arc radius, no turbulence or only slight turbulence occurs during
deflection of the marginal flow 33. It is also ensured that a swivelling of the pro-
peller 22 is still possible and this is not biocked by the front bulge 17 during the
swivelling process, which is indicated by the circle shown in part in Fig. 7A. As a
result of this shape of the front bulge 17, the gap 40 between propeller blade
end region 23 and nozzie inner wall 12 is as small as possible in all pivot posi-

tions between the zero position and the front bulge 17.



2. The propeller nozzle according to claim 1, characterised in that the flow guiding means are disposed
on the inner wall of the nozzle (12). 3. The propeller nozzle according to claim 1 or 2, characterised in
that the flow guiding means are disposed in the immietliate vicinity of the gap (40), in particular in the
direction of flow directly upstream of the gap (40). 4. The propeller nozzle according to claim 3,
characterised in that the flow guiding means are configured to be circumferential in the circumferential
direction of the nozzle (10).

The diagram in Fig. 7B shows an embodiment in which compared to the design
from Fig. 7A, a rear bulge 18 is provided in a pivotable propeller in addition to
the front bulge 17. The rear bulge 18 is disposed downstream of the propeller
blade 22 in the direction of flow when the nozzle 10 is not pivoted. The rear
bulge 18 is configured to be substantially the same compared with the front
bulge 17, i.e. also as a circumferential annular bulge in the circumferential direc-
tion. The additional provision of the rear bulge 18 produces an increased sealing
effect in the manner of a labyrinth seal.

The diagrams in Figs. 8A and 8B each show a non-pivotable propeller nozzie
where in the diagram in Fig. 8A-afront bulge 17 is provided and in the embodi-
ment of Fig. 8A a rear bulge 18 is additionally provided. Since the propeller noz-
zle is non-pivotable, the buiges 17 or 18 are disposed at a shorter distance from
the propeller blade 22 than is the case with the bulges 17, 18 of the pivotable
propeller nozzle from Figs. 7A and 78B. The height of the bulges 17, 18 from Figs.
8A and 8B is greater than is the case with the bulges 17, 18 from Fig. 7A and 7B.
The outer contour of the bulges 17, 18 from Figs. 8A, 8B also runs in a curved
manner but the degree of curvature is not constant. As a result the shape of the
bulges 17, 18 in Figs. 8A, 8B cannot be adapted to the shape of the propeller
blade end region 23 so that a smallest possible gap 40 and therefore a greatest
possible sealing effect is obtained. in these embodiments according to Fig. 8A
and 8B the marginal flow 33 is diverted by the front bulge 17 from the nozzle
inner wall 12 inwards onto the propeller blade 22.



20 5. The propeller nozzle according to any one of the preceding claims, characterised in that the flow
guiding means are configured in such a manner that they guide the marginal flow (33) away from the
inner wall of the nozzle (12) in the direction of the nd#zle centre or that they enable the propeller area
to be introduced into the region of the marginal flow (33). 6. The propeller nozzle according to any one
of the preceding claims, characterised in that the flow guiding means comprise a recess in the inner
wall (12) of the nozzle. 7. The propeller nozzle according to claim 6, characterised in that the recess
has a step-shaped profile, a sloping profile or a curved profile in a longitudinal sectional view of the
nozzle (10). Reference list

100 Propeller nozzle (pivotable)

200 Propeller nozzie {non-pivotable)

10 Nozzle

11 Nozzle axis

12 Nozzie inner wall
13 Nozzle beginning
14 Nozzle end

15 indentation

151 Indentation beginning
152 Indentation end
16  Circle

17 Front bulge

18 Rear bulge

20 Propeller

21 Propeller hub

22 Propelier blade

23 Propelier blade end region

231 Beginning of propelier blade end region
232  End of propeiler blade end region

24 Propeiler axis

30 Principal direction of flow
31 Flow inlet region

32 Flow outlet region

33 Marginal flow

331 Reduced marginal flow
40 Gap

o Pivot angle



8. The propeller nozzle according to claim 6 or 7, characterised in that the recess is configured as a
indentation (15) in the inner wall (12) of the nozzle. 9. The propeller nozzle according to claim 8,
characterised in that the indentation (15) is configurég as a circular arc having the same curvature in a
longitudinal sectional view of the nozzle (10). 10. The propeller nozzle according to claim 8 or 9,
characterised in that the indentation (15) is configured to be spherical.

Ciaims

1. A propeller nozzle (100, 200), in particular for watercraft, comprising a
nozzle (10) and a propeller (20) having at least one propeller blade {22),
preferably a plurality of propeller blades, said at least one propelier blade
(22)being rotatable about a propeller axis wherein the at least one pro-
peiler blade (22) spans a propeller area through rotation about the pro-
peller axis, wherein the at least one propelier blade (22) comprises a pro-
peller blade end region (23}, wherein the propeller (20} is disposed inside
the nozzle (10) in such a manner that a circumferential gap (40} in the cir-
cumferential direction of the propeller nozzle {100, 200) is formed be-
tween the propeller end region (23) and the inner wall {12) of the nozzle,
wherein the gap (40) allows for passage of a marginal flow (33}, said mar-
ginal flow (33) flowing in the area of the inner wall (12} of the nozzle,
characterised in
that flow guiding means are provided for guiding at least part of the mar-
ginal flow (33} onto the propeller area.

2. The propeller nozzle according to claim 1,
characterised in
that the flow guiding means are disposed on the inner wall of the nozzle
(12).

3. The propeller nozzle according to claim 1 or 2,
characterised in
that the flow guiding means are disposed in the immediate vicinity of the
gap (40}, in particular in the direction of flow directly upstream of the gap
(40).

4. The propeller nozzle according to claim 3,
characterised in
that the flow guiding means are configured to be circumferential in the

circumferential direction of the nozzie {10).



21 11. The propeller nozzle according to any one of claims 1 to 5, characterised in that the flow
guiding means comprise one or more projection bodies projecting from the inner wall (12) of the
nozzle, wherein preferably said one or more projecti®g bodies are disposed directly upstream and/or
downstream of the gap (40) when viewed in the flow direction, and wherein the projection body is
preferably configured as a bulge, in particular a circumferential bulge running in the circumferential
direction of the nozzle (10). 12. The propeller nozzle according to any one of the preceding claims,
characterised in that the propeller end region (23) of the at least one propeller blade (22) has a shape
corresponding to the shape of the flow guiding means, in particular a corresponding curvature. 13. The

propeller nozzle accgrding to claim 12, wherein.the nozzle (10) js.configured to be pivotable about the
propeller (20 ,'charg%lgrﬂf&? i?ﬁ&%eﬂ%%odamﬁ&on?@é'n%&gn%ft e @r’b%:eeﬁép %I%gtlar%eshd region (23) are

configured in such ahmaoeraed matched to one another so that the gap (40) is substantially constant
up to a pivot angle (ﬁ)a%fttﬁg ﬂg%&lgeu%i%gpr';%%rr?sb!%’r&%o‘?\?fé@}gﬂr% RISIRraaAher that they

guide the marginal flow (33) away from the inner wall of the nozzle (12)

in the direction of the nozzle centre or that they enable the propeller

area to be introduced into the region of the marginal flow (33).

6. The propeller nozzle according to any one of the preceding claims,
characterised in
that the flow guiding means comprise a recess in the inner wall (12) of

the nozzle.

7. The propeller nozzle according to claim 6,
characterised in
that the recess has a step-shaped profile, a sloping profile or a curved

profile in a longitudinal sectional view of the nozzle (10).

8. The propeller nozzle according to claim 6 or 7,
characterised in
that the recess is configured as a indentation (15) in the inner wall (12) of

the nozzle.

9, The propeller nozzle according to claim 8,
characterised in
that the indentation (15) is configured as a circular arc having the same

curvature in a longitudinal sectional view of the nozzle (10).

10.  The propeller nozzle according to claim 8 or 9,
characterised in

that the indentation (15} is configured to be spherical.



14. The propeller nozzle according to any one of the preceding claims, characterised in that the
propeller end region (23) is configured to extend into the region of the flow guiding means. 15. The
propeller nozzle according to any one of the preceditly claims, characterised in 22 that the flow
guiding means are configured in such a manner that they act as a labyrinth seal in cooperation with
the propeller blade end region (23).

11.  The propeller nozzle according to any one of claims 1 to 5,
~ characterised in

that the flow guiding means comprise one or more projection bodies pro-
jecting from the inner wall (12) of the nozzle, wherein preferably said one
or more projecting bodies are disposed directly upstream and/or down-
stream of the gap {40) when viewed in the flow direction, and wherein
the projection body is preferably configured as a bulge, in particular a cir-
cumferential bulge running in the circumferential direction of the nozzle
(10).

12.  The propeller nozzle according to any one of the preceding claims,
characterised in
that the propeller end region (23) of the at least one propeller blade (22)
has a shape corresponding to the shape of the flow guiding means, in

particular a corresponding curvature.

13.  The propeller nozzle according to claim 12, wherein the nozzie (10} is
configured to be pivotable about the propeller (20},
characterised in
that the flow guiding means and the propeller blade end region (23) are
configured in such a manner and matched to one another so that the gap
(40) is substantially constant up to a pivot angle {a) of the nozzle of 57,

preferably 10°, particularly preferably 20°.

14.  The propelier nozzle according to any one of the preceding claims,
characterised in
that the propeller end region {23} is configured to extend into the region

of the flow guiding means.

15.  The propeller nozzle according to any one of the preceding claims,

characterised in



22

that the flow guiding means are configured in such a manner that they
act as a labyrinth seal in cooperation with the propeller blade end region
(23).



