1 A HYDROFOIL FOR WATER-BORNE VESSELS The invention concerns a hydrofoil, in particular a
rudder, for water-borne vessels, in particular ships, with a trailing edge. In the current context
hydrofoils are bodies that are used and/or installed in water-borne vessels, which generate lift in fluid
mechanics terms. Examples of hydrofoils are rudders, keels, hydrofoil skids on hydrofoil boats,
stabiliser fins or other fin-type bodies of water-borné vehicles. The hydrofoil in accordance with the
invention is in particular suitable for use as a rudder, wherein use as one of the above-named bodies
Jrafaiiing 5 FoBEL D @SBl ofoils of known art normally have a
leading edge that is assigned to a flow direction and/or aligned in the direction of travel of the
water-borne vehicle, and a trailing edge that opposes the leading edge. Side faces or sidewalls of the

hydrofoil are arrBRJEMERERTEPPRRIARE diGHE Rl tgiRRTiaier FHedgpefehWaRihiPH¢he hydrofoil
is normally Se%@%@%ﬁé?ﬁgd‘ﬂphmﬁé?%ﬂ éhﬁ;gm{grgg 2 vehicle, i.e. in the case of a rudder such

that it can rotate, whereas the opposing lower end is normally designed as a free end. In the case of
rudders, however, it is also of known art that these can also be supported at the lower end, (for
exampie, in g glrddemaPRig e OBRIRLEN 1 Uisehiup WRSERgIne vehicle
water flows around the body of the hydrofoil from the Ieadln_% edge to the trailing edge. Depending on
the Reynolds nlimiaieioRae flyasselscityRinh tieaewifetit shapbiss MetRanTsil B dethe trailing
edge of the hydrplal,iartex AERRSRIIRNS AN QEeHAN e-direrfian.Rliflawidehind fhg ydrofol, ie. at
its trailing edge, the frequency of which is characterised by the Strouhal number. The vortices are
usually generafitn Biatpilisige st Gledibay Brovime wiadisthefiwries-Rewag/ahisiegirddions of

rotation being gRRESRS iR ARBABANEL - with the invention is in particular suitabie for use

as a rudder, wherein use as one of the above-named bodies andior

another hydrofoil-type body is also readily possible.

Hydrofoils of known art normally have a leading edge that is assigned to a
flow direction and/or aligned in the direction of travei of the wafer-borne
vehicle, and a tréiiing edge that opposes the leading edge. Side faces or
sidewalls of the hydrofoil are arranged beiween leading edge and ftrailing
edge. The upper end region of the hydrofoil is normally securely
connected with the hull of the waterborne vehicle, i.e. in the case of a
- rudder such that it can rotate, whereas the opposing lower end is normally
designed as a free end. In the case of rudders, however, it is aisc of
known art that these can aiso be supporied at the iower end, (for exampile,

in the case of rudders supporied in the sole piece).

When in use on a water-borne vehicle water fiows around the body of the
hydrofoil from the leading edge o the trailing edge. Depending on the
Reynoids number, on the filow veiocity and the geometric shape of the
hydrofoil or of the frailing edge of the hydrofoil, vortex separations can
occur in the direction of flow behind the hydrofoil, i.e. at its traiiing edge,
the frequency of which is characterised by the Strouhal number. The
vortices are usually generated on both sides of the body around which the

fluid is flowing, their directions of rotation being opposed o one another.



The flow between them runs in the direction towards the body around which the fluid is flowing,
opposed to that of the outer flow. This vortex system in the form of a wake of vortices of opposing
directions of rotation, which forms on the body around which the fluid is flowing and is driven away and
finally dissipated by the flow, is also known as what is called a Kerman vortex street. This
phenomenon occurs in particular in the case of rudders, since these are exposed to the relatively fast

fl f a shi ller. M dders that.i ticular h lativ, traili dge tend t
genorate Karman Gl ERDIRETRESE T BLALECIG) RO MRS P O o s

Schilling(r) proertmvwmﬁahieterﬁbre@r@n a;i;ﬁbeerddrdseﬁﬁltidﬁ #sevisuved fiotheTow dirtetion widens
out towards the trag%r'? e ﬂe, in ar%lcular in the for ovetail, in 9%reoFgretrles of this kind the
iR ficEdTR

Strouhal numbep’d Qa%eﬂ?ﬁ% et %‘ﬁ Wam am fgﬂy high, as a

result of which mmammemtr@rbmn murdamﬂimhaﬂeaomﬁenmm@maglewarly distiaative form.
Fig. 4 shows the formatr f rmen v tre tin the ? of a hydrofﬁﬁﬁzoo of k own prior art.
[ Wi

The hydrofoil 2(%"@’#?8 fREIPATE WG te BroRBRMIbAS é%rﬁalé% But again

towards the trailiGgradoea@dx Istriket. lmﬁreensarfdmerhm@rd&dhze engaegoumefthihd wamdal 200 is
illustrated. The tracégé edge 20}, runs in a concave mangger beg@ een t %str’% end r ions,. 2021a,

2021b of the sid& 7o ?8%%%3&8%%‘?%% reorfgl fr’)’ﬁryw Pé@e 59'8 multiplicity

of arrows. It carphepeitae orkthasirtheddemsrtn alopgrikelaidedases redznalpide eamigagentially
laminar manner. \When th ro asses t%% end re s 2021a{ ZQ%%) %fthe side fal_gées 02a 202D,
vortices 210 seﬁ&%?e 5\?]‘"@1 fﬁeaﬂp)? E}‘ﬁe& the't ﬁngaé'ﬁgglzai fid %tlso in its

lower region. In m@damertreglmt@rfdihemrwwgreﬂge éOSc:hﬁ n@@@qﬂmﬁehirrdﬁhecﬁntﬂ\ecenﬁ 2021a of the
side face, a vortex 210a has formed t rotatin n.an wrs d ction. Qblique underneath
in the direction SFHBN a?{1 ﬁeF'ﬁﬁ%xr@fg |§?)%é?‘r?a ih%t ﬁﬁ‘b C@oﬁﬁ%ﬂ% se, i.e.in
the clockwise ditewtods thie haailpignastion the lpaeicide fasetde2iorandair diracthetadhing it.
Downstream a further ortex IS ro n an antic ockw se sense nd slowl
dissipating; this & Bﬁa@glﬁg ﬁfﬁﬁ %ﬁ"e% é‘ﬂi’% rﬁf?@b r?ef\g[ a?effﬁﬁ Noc toéether
form the vortex $yaiagnof tffeth?@m@lied@rmai‘werﬁemam;dnytmﬁgrega@raoﬁb@wrmenl e.-between
the vortices, the pressure is dlstlnctlggowered com ared with that of the flow aroun% Karman

vortex street. As 2 TR ¥PHEE 16 %n%’ﬂ(&ﬁ*ﬁ tan G0 é?{ sﬁ@etgﬁ%e@ﬁré%r?cyp& Ct‘ﬂfiﬁréﬁforl is on the

one hand reduceiktirestivethigrease of rudders the rudder force is lowered. Also the drag of the
hydrofoil, i.e. rudder, increases. On the other hand the side force of a rudder is diminished and it is
possible for vibrations to occur on the hydrofoil. The latter is particularly the case if the separation
frequency of themgrtiﬁ;@wesmmﬁiallf,ommeepooﬂetmﬁrrmeatwehﬁﬂoste@@y iof the hydyefoll body.

Embodiments of th |nv tion seekto s hﬁf h|c the ative effects of
vortox formation A2 Rt S0 BFI e M SRATSTE o e K v ol 0, are
reduced. Accordmgdera eﬁrwmepatteobtbeqemmhlawemme \briemus @nowgedwatdswdrdﬁaﬂhm particular
a rudder, for water gorne vesié nmoerrH ticul rshr \g ra|I| e wherein at Ie one rigid
projecting bodyr %538% tralli @"e&ﬁgrﬁ)ﬁ' ?e& '\/56rfj af? 5%%‘%13 Yhe at least
one projecting boghrefnii atEes dilidatetath aped mlrpg)migm@%nmmamralmmg’emanner

between the two end regions 20212, 2021b of the side faces 202z, 202b.

The pattern of the (propeller) flow is represented by a multiplicity of

arrows. it can be discermned that the flow runs along the side faces 202z,

202b in an essentially laminar manner, When the flow passes the end

regions 2021a, 2021b of the side faces 202a, 202b, vortices 210 separate

from the flow in both the upper region of the trailing edge 201 and also in

its lower region. in the upper region of the trailing edge 201, i.e. directly

behind the end point 2021a of the side face, a voriex 210a has formed that

is rotating in an anticiockwise direction. Obiliguely underneath in the

- direction of flow a further voriex 210b is present that is rofating in the



According to a second aspect of the present invention, there is provided a water-borne vessel, in
particular a ship, wherein it has a hydrofoil as defined in the first aspect. The core idea according to
embodiments of the invention is to provide a projécting body on the trailing edge by means of which
vortex foupadisite iseask)desl. iA ihrojdotihgibodyréntthe doirdratscombesd isratbedyvafrfsindaraentally any
configuraipn, that peetesdesy serraisctodinuibisirailingeaosrbihe fodisfpiesincenia &
cross-sectional view the %rep iril%l.edgse normagy [uns e égmiﬁr']' ,t{ﬁ{gsgl%s%rl‘ioi%g els.o%gg]u%gal direction
of the hy&%ﬁ%ﬂ? tﬁ‘eaﬁ\'&%&%%% (')S(?y gegﬁgrgﬂy f)’r% ol es, QP st approximately, in the downstream
direction UPRES fidafRrmadine haeasicielpisediitly BAAY i9esias Romtaseadningyskge ol
substantigily ip-adtegitigimandivedtorsottie Inythefedgmd/of ithéheddingitydinabdivesatioritaf the ship

that the hydrofall is atiacheddqs Thatialingvraes iSRpEReXAs YHACST tereninalinadiiriydrofol that

can be of linear, concavte, convex, or some other design. Hence, the area of the trailing edge is usually
designed CoMPBILYRIE T S5tate. In particular, it usually does not taper and it is not designed pointed.
Further, the trailing edge is usually designed continuous from top to bottom and/or from side to side

and thus gorstéuifisch SiBglemeaibhintioarfieavdhexppirttingebeyiaosy pfairhgastsons tis surface,
which leags I DedpeebaRiiby of &hshspaaalon of augeardRiBgdBRERedWRIh A e aRs the

probability of the occurrence of a Karman vortex %reet can be rec:lgj d. The effec ivengas of the at

€. €
least one Y588ty WO U pEnBESH VRRSRS F5c B R PERBL RN t%g RSP é?ofg fig bodies, the
geometrits cdinfigishaibandstwelpassihie dractiziatienfe fheptcH tie trsbwsitiel ailadeidielprojecting
body we gseiithgsaioeederiing wihsadaeshothatdoescpaif helongriedhederilingig doaraipéaae per se, but

is arrang(tedt%l }Q\?ulr fer, QQCK}r&tEHQ%?fJFBfQiItBSJ tter. in this sense therefore a projecting body is not
a slight blﬂge from the tl’%l ing‘edge surface, e.g. a convex trailing edge or similar, but rather an

essentially independent body, which, however, is advantageously to be connected securely with the
trailing edgebodineitts thbttaitirgeddeviesonFerdhio repmsoly, aHeydidisd st omeighr dhectiegebivrly is not
molded figradkefmatenabehins) yHotikansadsasipesmad eenstitiigon, depESaPRatsention,

recess, etc. inxtrswgsréy( rofoil. Accordingly the projecting body can, for example, be manufactured from

d
metal, an‘éolrﬁepar |chéiraﬁ%Fﬁdsl{cé% , and can be connected with the trailing edge by means of welding,

or other suitable methods and/or means of attachment By means of the protrusion of a body from the
trailing edgedadieghte farfinsttiospetpairshef paseatrotatiniprottiees snpitwwitied siduesiafidie ihydrofoil,
which is the-prersaisiiestor 1ae ipmationef aieimnan varexsieplps wivadicangveided. Itis
further wherein at least one rigid projecting body is arranged at the trailing edge for reducing

vortex formation; and wherein the at least one projecting body comprises a “plate-

shaped rib” projecting from the trailing edge.

According to a second aspect of the present invention, there is provided a water-borne
vessel, in particular a ship, wherein it has a hydrofoil as defined in the first aspect.

The core idea according to embodiments of the invention is to provide a projecting body
on the trailing edge by means of which vortex formation is reduced. A projecting body in
the current context is a body of fundamentally any configuration that protrudes, ie.
projects, from the trailing edge of the hydrofoil. Since in a cross-sectional view the
trailing edge normally runs essentially transverse to the longitudinal direction of the
hydrofoil, the projecting body generally protrudes, at least approximately, in the
downstream direction. This means that the at least one projecting body projects from the
trailing edge



5 preferred that the at least one projecting body is designed as a rigid, non-flexible, non-elastic body.

In this.way the flow behaviour of the hydrofoil, in particular with regard to the creation of vortexes,

mains constants. By the provision of the at least one projecting body the probability of the occurrence

of a Karman vortex street on a hydrofoil is reduced, and by this means the hydrofoil drag is improved,

as is also the fuel efficiency. Moreover the risk of d%mage to the hydrofoil -and/or the hull of the

waterborne vessel as a result of vibrations is diminished. Since the at least one projecting body is
et Ahlabe

arranged on tHMBSIARERAINGE. @idoeluire! nHrGRIRRH ) ré3%f the

hydrofoil, and gipgriitisdPastadiovianepiifmiemsuiirneranas angddhes ot within the main flow
field, cannot trigger cavitation as a result of flow separation. Accordingly as a result of the provision of

a flow body, by means of a relatively small amount of constructional effort and without any weakening

of the cross-seganafiie aghealdvdratailyndlyid-raeshrimissmisints tieeradivafingpauseffect of vortex

formation reduction in the region of the trailing edge can be achieved. means of the af least one

projecting bodPth A WSBRRFARYEe FEBEN MO SRR ASHIEE HIDRESs BRVBHRE Rrmation is

impaired or preMentedirascafesidlt ebwhichesprrdnesinpianatstablematomasainputiawipattern
occurs, as viewed behind the hydrofoil in the direction of flow. The at least one Eroj%l:@n body is in
particular provid@xPlydQsvaItaeRRs R B ARFINGH BRBISte R TrEhe fSwith

reference to thgyyigltls ekthgir ailisgesgedhtinlirastri pipiestingtbadniriasiviatagsidgsly designed

such that it does not cover the whole width. Rather it projects advanta&(‘—:'ousl / from#:ﬁé%sub-region,
with reference 1® BB S5 RHIHET RS BNG SOMRUCKR BTy HPTHRTISEY achieved. If

the at least ong,gipiBediRGdRRVMYRTeE cauesdhe Winte Widihcotdhenkaing apey iafllud mechanics
terms the projecting body could act as a pure extension of the‘trailing edgg, and the, E unfdesirable
contra-rotating SRFAEEER AP EPRRXO%iBm BIRNLRIE o HRRERRS Bty RPERIEY S achieve as

extensive a reqygliogefithenvartex farmatipias Pessible, rewsiamis readerdtagerefermred form of
embodiment of the invention that the at least one projecting bo%un over at least 50% of the length

of the trailing e8HECEYERSEBIPh e & 7885t RIPREETIRRPHC RGN LRUINRIP BEsentially
over the whole {gngih ofghediailifigedae. Ruriiesterst “iaegibtnidhdtmding lgejdsrinhe understood

in the current context the distance between the upper and lower ends of the hydrofoil in the region of
the trailing edg€°THguraiity asyehasthfe R GIERNHETMF e height of the hydrofoil. It is therefore

advantageous that the at least one projecting body runs over as large a region of the trailing edge as
possible, so that with reference to the height of the hydrofoil, vortex formation is reduced, i.e. impaired,

as extensively 48 HRR$BRE RidHadiclagnl A0 RRAGSIRG PR At e ZEMEHIER %Bgly runs from

one end of the yaiing slgedmthethes: FBRhHadIRaIRSINPEYgERufaitaben tharely ensured
over the whole height of the hg_c‘jéofoi!. Here the at least oneé)rojectin body can advantageously

consist of a sin@E HEAWABs S RNIEEorASh RIHSRR: (ERGRh DRt HRliinG eHYR, 8RBR%hich is

attached to the fraifisgedgepiajpEisiPisofpVe RSt itveitthalsaibe possitiefardhingtdeast one

projecting bodystgr?aecg?rgggsae dcgg\?egll%?g%{itxgme%]gébgg igisn'niiar, but rather an essentially
independent body, which, however, is édvantageousiy to be conhnected
securely with the trailing edge, i.e. with the trailing edge face. For this
reason, the at least one projecting body is not molded from the (material of
the) hydrofoil and also does not constitute a depression, indention, recess,
etc. in the hydrofoil. Accordingly the projecting body can, for exampie, be
manufactured from metal, and in particuiar from steel, and can be
connected with the trailing edge by means of welding, or other suitable
methods andfor means of attachment. By means of the protrusion of a
body from the trailing edge face the formation of pairs of contra-rotating
voriices on the two sides of the hydrofoil, which is the prerequisite for the

formation of a Karman vortex strest, is in particuiar avoided. ¢ is further



In principle the at least one projecting body can be designed to be of any form when viewed in
cross-section. However, it is often advantageous if in a cross-sectional view of the hydrofoil the at least
one projecting body runs essentially parallel to a entreline of the hydrofoil, or alon%the centreline. In

this respdtefRe at ikl theabisrtpReoYaERine RS P PR NEE 88sdith AR-E8 8 ¥ onding tests
it has beep,shawaithably. means AAnsligRIMeRs RhsLAURRR AVErBFiEGHNhRRAY AT WA kind a

particularly good impairment of vortex formation, i.e. a particularly favourable flow 7 pattern, can be
achieved¢8gyarR (NG WRaHARChY R EFHEREMEBOE: is arranged along the centreline a
particularly regular impairment of vortex formation is achieved on both sides of the hydrofoil. If a

plurality of projecting bodies is provided, all the projecting bodies are preferably designed to run
parallel t&hdR@npigiisicnotfelee itls Igr% p%%@iUPéQ‘ﬁ%%ﬁk/iHGQVpFBj%oﬂﬁﬁi‘B tis & dbiate from

this aligngentrignRartiquiaribisean Deradvisable iBiha aRReofA GurvedUsalingadasy i pigne that is
of concave or convex design. In the present form of embodiment the flow line of the at least one

projecting BB e YIpab sraga i neipYehies s Med ibadus elidenasMresisetitg body
between g tel anarts frpgronnl- Hria/arther prafesrechll thamtiRaskonssREdieafing body runs

essentially parallel to the longitudinal axis of the hydrofoil. Here the longitudinal axis is that axis that

runs fronT e ipplevibratismpelhyRirpiBishetheT6i0E &R Gt iRARY PORIPTRIBRIREsBU Y uldders the
longitudingd-axisadilbafterealeqing theagy’s Sisuddey Wiationol hariRRSHRBEpRIGTENgdpdy can also

run essentially parallel to the outside edges of the trailing edge. Here the outside edges of the trailing

edge are $i5ReRaTeaiGh oo Bysirefed tRadosigREdh S lRGatsE RN ReareGT. IetitMSHiier® regular

flow pattefreansHgIninsPRsHHRIAL IRPIREGH ad i @t daasiarnadysiesiinghedy-4 asreaimllel to the
longitudinal axis and over the whole length of the hydrofoil. By this means a particularly regular flow

pattern eREW sePRiAHEnprREsREHNERMmasF entBstimehtiat (RECisanich hdamdetbridiprojecting
body projgdaessentialhepiHiaRl-aneas okt @hthegonaiiirliamiae sadacesd thatHaillinasgge. Here

the right angle is formed between the trailing edge and the axis along the width of the hydrofoil

(ransver¥&akepingd thairpesseinmet Boiartiahindreft br Aulirmeg anseiidme bodies the

projectingRodigp-afa SernIed&arsRspedifelrRacHeb eeRnOther réidhismieansaiisg egularity of
the flow in the direction of flow behind the hydrofoil is further improved. In case of arcuately shaped,

non- straf§idiar&ffg RRIgashiRyeatie Byt SneanstitBdily BasbOaRaPREHRAC§eMIN With regard
to the secligiRidhed AAGATKIRIMBAIE bIRAIPastON Y YRS RIdLAUR RTMation is

impaired or prevented, as a result of which a very much more stable and/or
laminar flow pattern occurs, as viewed behind the hydrofoil in the direction of
flow. The at least one projecting body is in particular provided exclusively at the

trailing edge and not in other areas of the hydrofoil.

With reference to the width of the trailing edge the at least one projecting body is
advantageously designed such that it does not cover the whole width. Rather it
projects advantageously from just a sub-region, with reference to the frailing
edge width. This ensures that a blocking of the vortex flow is achieved. If the at
least one projecting body were to cover the whole width of the trailing edge, in
fluid mechanics terms the projecting body could act as a pure extension of the

trailing edge, and the



The width of the projecting body, i.e. its distance between the telling edge and its free end, preferably
corresponds to at least half the width of the trailing edge. Tests have shown that if the.at least one
projecting body is dimensioned in this manner particularly good results can be achieved with regard to
the reduction of vortex formation, If at least two pro#?cting bodies are provided it is advantageous to
arrange the two projecting bodies spaced apart from one another andior running parallel to one
another. As a result of the spaced apart arrangement of the at least two projecting bodies vortex
formation is fuMREFRHRGE PR G BIRR WL BaRR RIIER RSty R TH e Sther are
blocking the vqﬁg]éﬁ% B’d;@yparallel alignment of the two projecting bodies improves in turn the
regularity of the flow pattern. In a further preferred form of embodiment the following formula applies:
number of projecting bodies = 2n+1, where "n" is a natural number, including 0. Particularly preferred
is n =2, i.e. themuraeerofRERieGENgLatERdfo- & WERBENEFE MR tereattagciinnataawrne of the
projecting bodies is_essentially centrally arranged on the trailing edge, and an even number of
projecting bodiB8SHE'arRIRJASIYN dachad8e Bf thdriran 5%@}%d%8@fm§rﬂo8§.tﬁle’symmetrical

arrangement is RaIHEHRENA PRI TER de Hu Whreh SRS SEIEE 0T iieshydEpTal indbe sgssysectional view
forms the line of symmetry. The individual projecting bodies are advag}gégeously arranged spaced

apart from one!BRdenSthAlIBETAHIRG PAsSIAMESYRO N RItRASY &8P ARAIRGRARIRAE¥sign of this

kind with an evepaiRebin BAb6HIRIEhEYEaRAHHSR) disfEPYHan wRRBISHERR WD é@raﬁmﬁ@ﬁ bodies,
achieves a particularly good effect with regard to the reduction of vortex formation. With this form of

embodiment it BIBRtHEY B isEnelengib Rk tRentaiilngr et dip e ReHPEBERIPRE MidN8rgest width,

i.e. the largest gigtaneebaiwaethialisgseosanedee gad Lptipnally twrdreigstingsbggdies of equal
size can also be arranged in a central region. Moreover the width of the other projecting bodies can

advantageous|YBEREE iréoperagien Ibbis detintoatigge I taiine prSjeIREENiEINBcated
furthermost outyasidgbavetBenaigRieFinidydRREn LoodhpSesica IsRevRiRgRRUSH:Ghsymmetrical

provision, i.e. the pairs of projecting bodies arranged as mirror images in each case have the same

width. By this nf4PRShraRIRIBIBERPRY INEYENEX ABVRIIE BRI & aliRgdedStvards. If a
plurality of projegfingdagdlies wepap\ided rdharsiianceaaehisen: (Be {RdivigyalBinigeing bodies can

in principle be designed to be the same or different. Which arrangement is most favourable in fluid

‘mechanics terni"IEERdSofeAE abuARaleEaItRheaRdRIIERT VRS, 35 pBATGINE o tHe geometry

and width of Fh%gﬂi@@t@r@;ﬂﬂﬁvgﬁé VEIRaHY, éh?e%’é%@iﬁi?éh%j}}a%ﬁﬂ@?%@iﬁﬁﬁiﬁ‘@#&ﬂ%@tc- _'I'hg at
least one projecting bod |S£art|cu arly preferably designed in the form of a plate, as a rib projecting
/ ?é{%

from the trailing®88g&f ARt ntfuIEecr683e5e CHINTETRE riFBGTESSadVareatfdously of a

plate, for examplera-fi6eeipleiebsinralaneesd fasadydighishaitachedigtbesirallisg.edge. If the
plate is of elongated design, in particular running over a large part, or the whole, of the length of the

trailing edge, the'iRbISARIcQEDBfRISHIN 20 IR Ry 8d VAR agBeHRY, FoTsiSH &Ry a8 with one
longitudinal enchiaee WHEBe Hegien ebtfiskindanrarfaacement of therianife deige obaSHip ensues.

If a plurality of projecting bodies are provided it is advantageous to arrange these parallel to one

another and paMENdSIRERTTSE dhHIaieitpenedtRirdiol lMRIgd ’EﬁWﬁ_Vﬁ‘{g W esHth 364 plate the
ribs could also e designes inthgiefrge igagireaionshgdibnp unsted off or aRaHBEAPWR (o their free

end, or similar. The rib is preferably arranged
piurality of sub-bodies.

in principle the at least one projecting body can be designed to be of any
form when viewed in cross-saction. HoWever, it is often advantageous if in
a cross-sectional view of the hydrofoil the at ieast one projecting body runs
essentially parallel to a centreline of the hydrofoil, or aiong the centreline.
in this respect the at ieast one projecting body is preferably iinear in cross-
section. In corresponding tests it has been shown that by means of an
aiignment of the at ieast one projecting body of this kind a particularly

good impairment of voriex formation, i.e. a particuiarly favourable fiow



10 continuous and/or the rectangular cross-section of the at least one projecting body is constant for
the entire projecting body. The at least one projecting body is particularly advantageously provided for
a hydrofoil designed as a fishtail rudder or Schilling(r) rudder, in which the profile in a cross-sectional
view widens from a leading edge arranged opposed to the trailing edge in the direction of the trailing
edge as far as a central region, which forms the widest point of the hydrofoil profile, tapers from the
central region to a rear region which forms the narrowest point of the hydrofoil profile and widens once

again from theR &S e oo tBRNRHIENRE cligRafiGaaicWRER the ek dmieqinge the trailing
edge is preferaiy\oidinpamgen\@yngrtReNsavRtioRion HRstUER PRI GsaIictnobthe trailing

edge compared with other hydrpfoilﬁg_rofiles vortex formations occur particularly fregluentl on the

hydrofoil profildSde% ABBAIAN R3S IR Aatiheigrsy R dha hivreipib ds BopktiaiBieSfing body is
particularly adysg SsdigLoilepRIviasking RHENBFojBBMgeasHRRE Rroiqsingrhpy Is preferably

formed as a monolithic body. That means the at least one projecting body does not comprise through

holes, recessedS5igRedite. MR parlial R dBeFRNGRIBEHTIMERNERAY [ SBRMYSSEMIRINt
cross-section. iﬁ.dﬁhmﬁé%@w&ﬁ@dw@%d%%@l@aﬁ%%&oﬁ?ﬁ?@h@ fReskaviRg With the aid of
various examples of embodiment. In the schematic figures: Fig. 1 Fig. 1A _

can be advisable in the case of a curved ftrailing edge, i.e. one that is of

concave or convex design. In the present form of embodimant the fiow line

of the at least one projeciing body in the cross-sectionai view relates fo the

profile of the at least one projecting body between the frailing edge and its
free end.

it is further preferred if the at least one projecting body runs essentially
paraliel fo the iongitudinal axis of the hydrofoil. Here the longitudinal axis is
that axis that runs from the upper end of the hydrofoil to the lowar end of
the hydrofoil. In the case of rudders the longitudinal axis will often aiso be
the axis of rudder rotation. The at least one projecting body can also run
essentially paraliel to the outside edges of the trailing edge. Here the
outside edges of the trailing edge are also often aligned paraliel 1o the
longitudinal axis of the hydrofoil. in this manner a regular flow pattern
ensues. in particular it is preferred if the at least one projecting body runs
paraliel to the longitudinal axis and over the whoie iength of the hydrofoli,

By this means a particularly reguiar flow pattern ensues.

in a further preferred form of embodiment of the invention the at least ons
projecting body projects essentially at right-angies, i.e. orthogonally, from
the surface of the frailing edge. Here the right angie is formed between the
traliing edge and the axis along the width of the hydrofoil (fransverse axis).
If the trailing edge surface is plane, in the case of a plurality of projecting
bodies the projecting bodies are arranged correspondingly paraliel to one
another. By this means the regularity of the flow in the diraction of flow

behind the hydrofoil is further improved. in case of arcuately shaped, non-



Figs. 2A - 2E shows a perspective view of a hydrofoil with a traiiing edge and projecting bodies, shows
a detail view of the upper end region of the trailing edge of the hydrofoil from Fig. 1; show plan views
of end regions of hydrofoils with variously designed trailing edges and variously arranged, or designed,
projecting body/bodies, 11 Fig. 3shows a plan view onto the end region of a hydrofoil with projecting
bodies projecting from the trailing edge with a flow p%ttern plotted, and

straight trailing edges the at least one projecting body can be arranged
orthogonally with regard fo the section of the trailing edge o which the at
least one projecting body adjoins.

The width of the projecting body, i.e. its distance between the trailing edge
and ifs free end, preferably corresponds {o at least half the width of the
trailing edge. Tests have shown that if the at least one projecting body is
dimensicned in this manner particulariy good resulis can be achieved with
regard to the reduction of vortex formation.

If at least two projecting bodies are provided it is advantageous to arrange
the two projecting bodies spaced apart from one another and/or running
paraliel fo one another. As a result of the spaced apart arrangament of the
at least two projecting bodies vortex formation is further hindered, since
now two objects protruding independently of one another are biocking the
vortex flow. The parallel alignment of the two projecting bodies improves in
turn the regularity of the flow pattern, '

In a further preferred form of embodiment the following formula appiies:
numbper of projecting bodies = 2n+1, where ‘n” is & natural number,
including 0. Particularly praferred is n = 2, i.e. the number of projecting
bodies is &. Furthermore in a cross-sectional view one of the projecting
bodies is essentially centrally arranged on the traiiing edge, and an even
number of projeciing bodies are arranged on each side of the centraily
arranged projecting body. A symmetrical arrangement is particularly
preferred, in which the centreline of the hydrofoil in the cross-sectional
view forms the line of symmetry. The individual projecting bodies are
advantageously arranged spaced apart from one another and/or running
parallel fo one another. Test have shown that a design of this kind with an
even and in particular a symmetrical distribution, in particutar with 5
projecting bodies, achieves a particularly good effect with regard to the

reduction of vortex formation. With this form of embodiment it is further



Fig. 4shows an end region of a hydrofoil from the prior art with a flow pattern plotted. In the various
forms of embodiment of the invention described in what follows the same components are provided
with the same reference symbols. Fig. 1 shows a perspective view of a hydrofoil 100. in the present
case the hydrofoil 100 is formed by a rudder with a fishtail profile or Schilling(r) profile. The rudder
comprises a leading edge 10 and a trailing edge 20~ The side face 11 runs between leading edge 10
and trailing edge 20. An end plate 14 is provided in each case at both the upper end 12 and also at the

lower end 13 oPIREEHFEHIBH DECHMBMMRBRIRA RIDIFEHHE Rostkes the 18raest Wilthder with a

fishtail profile, the eng iepgien distahtrerunassnvidsnasteBRirRaEegIONTKRANNENSe narrowest
point of the rudder. towards the trailing edge 20. At the trailing edge 20 are provided a total of five

projecting bodiB&CKRFHRGiBREIPE LhisRBh SIS AR PEPERATRESE RFEBIAIHERIRPer end 12

down to the lowgsrRid3tRadARRBANGEd RAR@liQiImanotanss AsrrRdaadiseriBgsfrom the
detail view in Fig. 1A the central rib 30a has the largest width. On either side of the central rib 30a two

further ribs 30bTSBCRrETAHRRGREN LATESsERV RS IHR WRidh8! thsserirTiBgrdndiesutwards.
The plate-shapgei#ieg finattiotualRRIRRGE wi@MR&@Wtamnﬂ@@Qw%t@éQ%ﬁraiIing edge

20, which is of linear design, i.e. has a plane surface. Also the transverse end faces of the ribs 30a,

30b, 30c abut d§afMEMEMwRIEIMISE BYMIREERE|iKRIEERadfed s thedS. PhPERIRGINSs 30c have

the shortest widibedl a¢adasisbahiireisninagadnnasasietateeHavberautsidLan 2 1ef the trailing
edge 20. The plate- 12 shaped ribs 30a, 30b, 30c protrude in each case essentially at right-angles

from the trailind &8 JR&Ha e FEABUAIN YaFkIRE Gihhe YSHR dig¥ 2t AthievedifiPEudE20, ie. to the
longitudinal axig,@fsthe veieieil 100.

If a plurality of projecting bodies are provided, the distances bstween the
individual projecting bodies can in principle be designed o be the same or
different. Which arrangement is maost favourable in fluid mechanics terms
depends on the circumstances of the individual case, in particular on the
geometry and width of the trailing edge, the flow velocity, the exact design
of the projecting bodies, etc. |

The at least one projecting body is particularly preferably designed in the
form of a plate, as a rib projecting from the trailing edge, and/or with a
rebtanguiar cross section. The rib consists advantageously of a piate, for
example a stesl plate or similar, one end face of which is attached to the
traiiing edge. If the plate is of elorigated design, in parficular running over
a large part, or the whole, of the length of the trailling edge, the rib or piate
is preferably fo be arrahged, i.e. atfached, 1o the fraliing edge with one
iongitudinal end face. With a design of this kind an arrangement of the rib
in the form of a strip ensues. If a piurality of projeciing bodies are provided
it is advaniageous 1o arrange these parallel to one another and parallel 1o
the iongitudinal axis of the hydrofoil. instead of having the form of a plate
the ribs could also be désigned in their free end region slightly rounded off,

or tapering down to their free end, or similar. The rib is preferably arranged



Fig. 2A shows a plan view onto the end region 15 of the hydrofoil from Fig. 1. It can be discerned that
the central rib 30a has the largest width bl and the outer ribs 30c have the smallest width b3, while the
ribs 30b arranged between the ribs 30a and 30c have a medium width b2. Furthermore the distances
between the ribs 30c and 30b (a2) and the ribs 30b and 30a (al) differ, the distance al being larger
than a2. The exact dimensions of the widths and didfances can in each case be matched to an optimal
vortex reduction effect in relation to the particular geometry of the trailing edge and the ribs 30. The rib

30a runs alongtRBIELNEIRNd/ AW HiR dRciansuen Fresosestigmrafieite 1R deagelinpel7. The
centreline 17 aloefani HEcyis obAYMMESMIR dhgiFrd AHRGSEBBH,IoS. 28 to 2E show further
examples of configurations ?)?;he end region 15 of hydr(??oi%rélgoglin ac)Eordance with the invention.
Thus in Fig. 2B a central rib 30a is provided, arranged along the centreline 17. in addition two further

ribs 30c are promigieg: eagh @rﬁgnig@glé&iﬁg rclycdéggy '%C"f.‘)tg?ﬁcﬁ‘ﬂgr aiﬂ%ﬁﬁé@@&gf@@%@m The ribs

30c are symmetrically arrangfed with refere o the centreliné 17, three-ri esign of Fig. 28

the trailing edg&3 G i \ReRigNed R adiasall edes of Sehdina@dsideiein irigidithe trailing
edge in contrasiis pfdmean desigRel e dnerERIRNLHREIXNRD A @qgsaﬂgaéz%é:%?{ gre only a

single rib 30a is provided, which is arranged along the centreiine 17. in Fi the traifing edge 20 in a

plan view or cré¥R8aefdRdhadiaiingr eeer M dnsesijaciion ofiia tratingcedoF s B8. askewise one
central rib 30a iscptayidBgionNhiThiEMNBARNEhENG RRALSINELS: AN RISPRNE BHIRTEYIRgdRs 30c. in

contrast to Fig. 28, in which all three ribs are aligned in parallel, as in Fig. 2A, the two ‘outer ribs 30c
are not designdePPalBfeeaise RHARIREIMRaT 2B RNHRN APFBSthe Parrowestaiiglt towards the

tatter. In partioulzs sksRe1 Bidfihasticaiehawnelomalie Haling ednsalqmyils quipide inwards. In

Fig. 2E five ribs are likewise provided, where the trailing edge 20 in a plan view’or cross-sectional view
is of convex de&iRHiNg FEgentrPARISEIRNNEE doe &) ardRusiaic wigsetihitraiiogssiong the

centreline 17. TiRepfef@ur sfamndse havfdhe smalirebyddilciie Has 00, 3pcaangadin each case

to right and left of the centreline 17, are arranged symmetrically to one another with respect to the

centreline 17. YRR e dinlisieagsiomm Fagmacene Witk Ithainbysueiaie piofirsangaeparallel to
the centreline 1rhstiordiocilZ0arbuiaiparRUHIe IhapenrRsgRl AL glappiay. 90 from the

convex shape of the trailing edge 20, so that as viewed from the'trailing edge towards the free ends of

the ribs 30a, 308P2% i HHeraerashine rormdsion aiithatss InRstapneunteieRiinglbhayils 30a, 30b,
30c shown in F}%ﬁg@égyzgtﬁr%@g%gj@q@,spﬂﬁ%% BianR shows a plan view onto an end region 15 of

a hydrofoil 100 in accordance with the invention. in a plan view or cross-sectional view the trailing
edge 20 is of linear design. The five ribs 30a, 30b, 30c protruding from the trailing edge 20 are

essentially arrafaRAGNCtRESIaNadBaceadaREHy TBRd)aRoBRAIIBIGorfelate dn the

representation shown in Fig. 3, which differs from that of Fig. 2A, the distance between the ribs 30c

and 30b is larg&PeRRtHa RN e dREh RN dh e/ 8asiTREgI iRt iBadprésentedby the
multiplicity of arsewppketterrcllyss wiliherbydsefall design injrecordancewithithg iovegtion an

essentially laminar flow pattern Is established in the region of the sidewalis 11 downstream from the
hydrofoil 100. BYNBEH BB ERAPEIB ARl hERBRIPAL MEOSEaS8litex 40 is forming; this is rotating
in an anticlockwise sense. Moreover it can be discerned how vortex formation cannot take place in the
intermediate spaces between the individual ribs because of the blocking action caused by the ribs 30a,

30b, 30c. in the'BiMEabAYPHGN B aRYEARBWS BHeFIH RSt dady BrEindesatablisheddsmetinge whole
width of the hydigfoihLORi@ shestidiskaneahaRingrtas yrdandR. T e unrLe-Rly Aysingle vortex 40 is

produced and thus the formation of 14

Fig. 1 shows a perspective view of a hydrofoil with a traiiing
edge and projecting bodies,

Fig. 1A shows a detail view of the upper end region of the
trailing edge of the hydrofoil from Fig. 1;

Figs. 2A - 2E show pian views of end regions of hydrofoils with
variously designed frailing edges and variously

arranged, or designed, projecting body/bodies,



a Karman vortex street, in each case formed by pairs of vortices rotating in opposite directions, is
suppressed. 15 Reference symbol list 100Hydrofoil 10Leading edge 11Side face 12Upper end.

11

Fig. 3 shows a plan view onio the end region of a hydrofoil
with projecting bodies projeciing from the frailing edge
with a flow pattem plotted, and

Fig. 4 shows an end region of a hydrofoil from the prior art
with a flow pattern plotted.

in the various forms of embodimant of the invention described in what

foliows the same components are provided with the same reference
symbols.

Fig. 1 shows a perspective view of a hydrofoit 100. in the present case the
nydrofoil 100 is formed by a rudder with a fishtail profile or Schiliing®
-profile. The rudder comprises a ieading edge 10 and a trailing edge 20.
The side face 11 runs beiween ieading edge 10 and frailing edge 20. An
end plate 14 is provided in each case at both the upper end 12 and aisc at
the jower end 13 of the hydrofoil 100. Since the present hydrofoil 100
takes the form of a rudder with a fishtail profile, the end region 15 of the
rudder widens out from a rear region 16 forming the narrowest point of the
rudder towards the trailing edge 20. At the trailing edge 20 are provided a
total of five projecting bodies 30 designed as plate-shaped ribs, which in
each case run from the upper end 12 down to the iower end 13 and are
arranged parallel to one another.

As can be discerned from the detail view in Fig. 1A the central rib 30a has
the largest width. On either side of the central rib 30a two further ribs 30b,
30c are arranged in each case, where the width of these ribs decreases
outwards. The plate-shaped ribs 30a, 30b, 30c are attached with their
longitudinal end faces to the trailing edge 20, which is of linear design, i.e.
has a plane surface. Alsc the transverse end faces of the ribs 30a, 30b,
30¢c abut against the end plates 14, and are likewise attached to these.
The outer ribs 30c have the shortest width and are just siightly displaced
inwards relative fo the outside edge 21 of the trailing edge 20. The plate-



13Lower end 14End plate 15End region 16Rear region 17Centreline 20Tra|I|ng edge 210utside edge
200Hydrofolil (prior art) -

12

shaped ribs 30a, 30b, 30c profrude in each case essentially at nght-angles
from the trailing edge surface, and run paralle! to the outside edge 21 of
the trailing edge 20, i.e. to the longitudinal axis of the hydrofoil 100.

Fig. 2A shows a pian view onto the end region 15 of the hydrofoil from Fig.
1. It can be discemned that the centrai rib 30a has the largest width b1 and
the outer ribs 30c have the smaliest width b3, while the ribs 30b arranged
between the ribs 30a and 30c¢ have a medium width b2. Furthermore the
distances between the ribs 30c and 30b (a2) and the ribs 30b and 30a
'(a1) differ, the distance a1 being larger than a2. The exact dimensions of
the widths and distances can in each case be matched to an optimal
vortex reduction effect in refation to the particuiar geometry of the traiiing
edge and the ribs 30. The rib 30a runs along the centreiine 17, whiie the
ribs 30b and 30c run paralle! to the centreline 17. The centreiine 17 also

forms the axis of symmetry for the rib arrangement.

Figs. 2B to 2E show further examples of configurations of the end region
15 of hydrofoils 100 in accordance with the invention. Thus in Fig. 2B a
central riv 30a is provided, arranged along the centreline 17. in addition
two further ribs 30c are provided, each arranged in an outer location and
designed to be of egual width. The ribs 30¢ are symmetrically arranged
with reference to the centreline 17. in the three-ribs design of Fig. 2B the
traiiing edge 20 in a plan view or cross-sectional view is of concave
design. In Fig. 2C the ftraiiing edge in contrast is of linear design, l.e. the
trailing edge forms a plane surface. Furthermore only a single rib 30a is
provided, which is arranged along the centrefine 17, in Fig. 2D the traiiing
edge 20 in a plan view or cross-sectional view is of concave design, in a
simitar manner to Fig. 2B. Likewise one central rib 30a is provided, which
runs along the centreiine 17, and also two outer-lying ribs 30c. in contrast
to Fig. 2B, in which all three ribs are aligned in paraliel, as in Fig. 2A, the
two outer ribs 30c are not designed paraliel to the centraiine 17, i.e. to the

central rib 30a, but run at an angle towards the latter. in particular they run



201Trailing edge 202a, 202bSide faces 2021a, 2021bSide face end points 210Vortex 30Projecting
body 40Vortex 16 -
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in the direction away from the trailing edge from the outside inwards. in
Fig. 2E five ribs are likewise provided, where the frailing edge 20 in a plan
view or cross-seciional view is of convex design. The central rib 30a,
which once again has the largest width, runs aiong the centreline 17. The
two outer ribs 30c have the smaliest width. The ribs 30b, 3Cc arranged in
each case to right and Ieft of the cenireline 17, are arranged symmetrically
{0 one another with respect to the centreline 17. Contrary to the illustration
in Fig. 2A the ribs 30b and 30c are not arranged paraliel to the centreiine
17, ie. io the rib 30a, but rather profrude in sach case at an angle of
approx. 90° from the convex shape of the irailing edge 20, sc that as
viewed from the trailing edge towards the free ends of the ribs 30a, 30b,
30c an arrangement is formed in which the ribs fan outwards. All the ribs

30a, 30b, 3Cc shown in Figs: 2A o 2E are designed as plates.

Fig. 3 shows a plan view onioc an end region 15 of a hydrofoil 100 in
accordance with the invention. In a pian view or cross-seciional view the
trailing eage 20 is of linear design. The five ribs 30a, 30b, 30c protruding
from the ftraling edge 20 are essent':a!ky arranged and designed in
accordance with the arrangement i Fig. 2A, where in the represeniation
shown in Fig. 3, which differs from that of Fig. 2A, the distance between
the ribs 30c and 30b is larger than that between the ribs 30b and 3Ca. The
flow pattern is represented by the mulfipiicity of arrows piotted. Thus with
the hydrofoil design in accordance with the invention an essentially
jaminar flow patiern is established in the region of the sidewalls 1°
downstream from the hydrofoil 100. Between the upper rib 30b and the
ceniral rib 30a a voriex 40 is forming; this is rofating in an anticlockwise
sense. Moreover it can be discerned how voriex formation cannot taks
piace in the infermediate spaces between the individual rips because of
the blocking action caused by the ribs 30a, 30b, 30c¢. in the direction of
flow a laminar fiow patiern is already being established over the whole
width of the hydrofoil 100 a short distance behind the vortex 40.

Furthermore only a single voriex 40 is produced and thus the formation of



CLAIMS 1. A hydrofoil, in particular a rudder, for water-borne vessels, in particular ships, with a trailing
edge, wherein-at least one rigid projecting body is arranged at the trailing edge for reducing vortex
formation; and wherein the at least one projecting body comprises a "plate-shaped rib" projecting from
the trailing edge. 2. The hydrofoil according to Claigyl, wherein the at least one projecting body
extends over at least 50% of the length of the trailing edge, preferably over at least 75%, particularly

preferably essengially over the whole length of the fraili e. 3. il ing to Claim 1
or 2, wherein iﬁ?@%&r_‘s\&‘ﬁ%ﬁﬂ(ﬁg\% Of 8%%?&(%?%?3&%%%%&%%% %é%é}gé rﬂ(ﬁ[gends
essentially paraeldsite destrgbine aé thepbysisetail, or along the centreline. 4. The hydrofoil according to
one of the preceding claims,



wherein the at least one projecting body extends essentially parallel to the longitudinal axis of the
hydrofoil. 5. The hydrofoil according to one of the preceding claims, wherein the at least one projecting
body projects essentially orthogonally from the surface of the trailing edge. 6. The hydrofoil according
to one of the preceding claims, wherein the width o{éhe projecting body corresponds to at least half
the width of the trailing edge. 17 7. The hydrofoil acCording to one of the preceding claims,

Reference symbol list

100 Hydrofoil
10 Leading edge
11 Side face
12 Upper end
13 Lower end
14 End plate
15 £nd region
16 Rear region
17 Centreline
20 Trailing edge
27 Cutside edge
- 200 Hydrofoil (prior art)
201 Trailing edge
202z, 202b Side faces
2021%a, 2021b Side face end poinis
210 Vortex
30 Projecting body

40 Voriex



wherein at least two projecting bodies are provided, and wherein the projecting bodies are arranged
spaced apart from one another and/or extending parallel to one another. 8. The hydrofoil according to
one of the preceding claims, wherein the number of projecting bodies is 2n+1, in particular 5, and in a
cross-sectional view one projecting body is arranged essentially centrally on the trailing edge and an
even number of projecting bodies are arranged on either side of the centrally arranged projecting
body, in particular symmetrically. 9. The hydrofoil ggcording to Claim 8, wherein the centrally arranged
projecting body has the largest width and optionally the width of the other projecting bodies reduces
progressively towards the outside. 10. The hydrofoil according to one of the preceding claims, wherein
a number of projecting bodies are provided, ardhiid&in the distances between the individual
projecting bodies are the same or different. 11. The hydrofoil according to one of the preceding claims,

1. A hydrofoil, in particular a rudder, for water-borne vessels, in particular
ships, with a trailing edge,
wherein at least one rigid projecting body is arranged at the trailing edge
for reducing vortex formation; and wherein the at least one projecting body

comprises a “plate-shaped rib” projecting from the trailing edge.

2. The hydrofoil according to Claim 1,
wherein the at least one projecting body extends over at least 50% of the
length of the trailing edge, preferably over at least 75%, particularly

preferably essentially over the whole length of the trailing edge.

3. The hydrofoil according to Claim 1 or 2,
wherein in a cross-sectional view of the hydrofoil the at least one
projecting body extends essentially paraliel to a centreline of the hydrofoil,

or along the centreline.

4, The hydrofoil according to one of the preceding claims,
wherein the at least one projecting body extends essentially parallel to the

longitudinal axis of the hydrofoil.

5. The hydrofoil according to one of the preceding claims,
wherein the at least one projecting body projects essentially orthogonally

from the surface of the trailing edge.

6. The hydrofoil according to one of the preceding claims,
wherein the width of the projecting body corresponds to at least half the

width of the trailing edge.



wherein the profile of the hydrofoil widens in a cross-sectional view from a leading edge arranged
opposed to the trailing edge in the direction towards the trailing edge 18 to a central region, which
forms the widest point of the hydrofoil profile, the profile tapers from the central region to a rear region
which forms the narrowest point of the hydrofoil profile, and the profile widens again from the rear
region to the trailing edge, in particular in the form of a dovetail. 12. The hydrofoil according to Claim
11, wherein the trailing edge is of linear, convex, gfzconcave design. 13. A water-borne vessel, in
particular a ship, wherein it has a hydrofoil according to one of the preceding claims.

7. The hydrofoil according to one of the preceding claims,
wherein at least two projeciing bodies are provided, and wherein the
projecting bodies are arranged spaced apart from one another and/or

extending parallel to one another.

8. The hydrofoil according to one of the preceding claims,
wherein the number of projecting bodies is 2n+1, in particular 5, and in a
cross-sectional view one projecting body is arranged essentially centrally
on the trailing edge and an even number of projecting bodies are arranged
on either side of the centrally arranged projecting body, in particular

symmetrically.

9. The hydrofoil according to Claim 8,
wherein the centrally arranged projecting body has the largest width and
optionally the width of the other projecting bodies reduces progressively
towards the outside.

10.  The hydrofoil according to one of the preceding claims,
wherein a number of projecting bodies are provided, and wherein the
distances between the individual projecting bodies are the same or

different.

11.  The hydrofoil according o one of the preceding claims,
wherein the profile of the hydrofoil widens in a cross-sectional view from a
leading edge arranged opposed to the ftrailing edge in the direction

towards the trailing edge



12.

13.

18

to a central region, which forms the widest point of the hydrofoil profile, the
profile tapers from the central region to a rear region which forms the
narrowest point of the hydrofoil profile, and the profile widens again from

the rear region to the trailing edge, in particular in the form of a dovetail.

The hydrofoil according to Claim 11,

wherein the trailing edge is of linear, convex, or concave design.

A water-borne vessel, in particular a ship,

wherein it has a hydrofoil according to one of the preceding claims.



