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PCT/ A 99/ 00333 FIELD OF THE INVENTION 5 The present invention relates to
an i nproved hydrofoil device whereby lift is generated prinmarily froma

| ocal presstiPa¥FM8t ease above that of the local free strea%““é?fﬁqiiéht
pressure. It relates particularly, although not exclusively, to inproved
hydrof oil devices with marine applications such as hydrofoil w ngs,
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hydrofoi |l s neratetiff changi ng ‘'t he velocity o ur d= around the
surface5 A ch@ageor ambient\yeksutirey Idieddtes particalarlyy elthduph mytdnatusivelg~to

associated with a pressu hange over the surface of .the hydrofoil. It is
thr~ pressur@RIP¥e ih%‘t“i’{?ﬁ, deigsh wfglrmﬁﬂv%@nna @OBy Shch AN EAFAAH Vst he
hydrofoil r i face ~f the
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hvdr of or~ r normal to the oe is the |1 orce’o ydr of oi |
and the Integral of pressure resolved in the direction of flowis the drag

The ratio of |Ii to drag is_a PASHLE of the hydrofoil's efflcvencv The
left vect or BAGKEROUNDIIOTHE INVENEIQNL according to the applicatron It
may be upwar We o0 T ZOBRfIoPLd Ao @RBuL eSO HEMRL iOMsed~
conveni ence ﬂ}e %r{@he& (rzl%fgcrl pt vgﬁ) ?ﬁ({a I rﬁﬁgec?orﬁe\?wsi)ﬁg(rlfrﬁgdrﬁa Ilyq{bsg ag{sumed
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cannot be significantly reduced further and so this condition represents a

lower Iimt of pressure and a hence a limt to the force capabjlity of .a
hydrof oi | . 1Btkereerpiailse fy drpfpdntgarsrate) it &y elpnging Hﬁré‘f?@ﬂ’tﬁy?fjr Brofitidevi ce
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approach reps esents significant °departure Trom conventi onal rofoil
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suction. An object of the presen~ invention ~s, anongst other beg{glfi,t%, to
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cavi tat ~on. idelvdevieendlavatetiavenattesliefdectof viee Aydiodsilard thafihepeal of

vel octti~s~~ It ~s generally known that a decrease mfluid vel ocv%y IS
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formatig))_n of | o~ press~:-~~ regi obehind the devi cg. It is the pressure drag
associ ated wPf Rtt3anze [ogher enpRiddign. FppgrpHenARte ebMirhButesripsosull dévi ces

poor efficie Jhe= J i ion L@ qdence~ to the marm
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flaw a, namely Iyuv. ~:,~~ 1;~ ~INnNnlo a pressure increase ahead o the
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behi nd the device may be of sufficiently |low pressure tog‘?c?u gl g({ﬂ,g]i 2082
cavitation. Australian patent application No. AU 43617/96, which is the
Austral i an WtPGEHEr 5 Phase of PCT/ SE95/ 01582, descri bes a hedetilpviesas f or
dynamic trinmng of the floating position of a planing or sem -planing ship
hull so as to counteract the pitching and rolling novenents in operation.
The mechani smincludes a plate that is m@unted subnerged transversely to
the relative water flow and protrudes at the |lower end of the stern of the
ship hul | fopregawes dtis hgnee thereductinavinpgessireipvien tie ydeofai dhatoronariiies
directed vel o%ls% (ﬁ?rrponent in front of the plate. This vortex creates a
wat er vol une" D&l Ow'the stern of the shi p hull that has an increased
pressured directed to the bottomsurface of the hull and which therefore
directly affects the trimmng position of the ship at prescribed

vel oci ties. The dinmisdn e snph@tmmbldemqeedo |hngkapﬁ]0v¢azela¢ltletsdldsnarthem
stern vessel s vvhe'i toget i on behi t he tr nsve é’ﬁ{lfl a e.can be
ventilated tBagPfised the gi?l”éeﬂ?‘%bc loRpOSSIb %é‘?ﬂ‘ ‘H‘é"\‘?é?eoped
Wth a \j ew Whd el l@té’lg)réss'ﬁ@@fh‘-llstﬂélﬁ %@b&ﬁ)étﬂ%ﬁé%& lok ?h@tva?erl %advater
pressure increase on a surface of a hydrof I'st reducing t

detrinental Vapdusnscndt vapeus poekarfagns. 2BhSHmiiRY aﬂ%uthlﬁlapwmﬁﬁcms is
Throughout thjs specif,ication. the risin is, used inclusively,

t he sense th%ﬁte? ﬁgééreﬂ‘.ﬁ? A LB @&Fﬁ?% ‘?fd‘/ 9??%;52‘3 Pﬁ%slsﬂﬁee?f”i“t‘?tgﬁe

i nventi on nogioRRLESS! kddedd m@ﬁh&rar@g@me%%%dmr%a}esén% a%%rqlm&hﬁ
steps specifically défined or 2 5 described. \Wa features

and/ or st epspmisblird mod adenat lallithe tapparfare chpabilityhef s@dlrcbﬁomlatl on read as a
whol e. According to one aspect of the present invention there is provided
an inproved hydrofoil device, the hydrofoil device conprising: 30 a first
surf acej@nd %@gﬁ@ggﬁmérﬁﬁﬁn st 80 ANnBfo0BR AR Sroft A8l WIS HRNKCE L O
said first surface, wherein water er th irst and second surfaces
froma | eadi gglaafdgﬁ&i punarily &fdn ngoedgeessfire hxeacrelasel ﬂus apyatpa AVENDER rSHEET
1PEA/ AU  30t" tobfé 2002 CT/ AU99/ Oorhag?f ?{5 Apri | ?000 -4 a

prot ni si on préitiHed HP%l‘Ef’éFFt PRECAVAN PRy N "f Ctsffé‘ Hé\?i"cg t§b“'§wcréi.
produce a S_‘Jgéﬁ"&%t(ﬁ §§Qﬁgan@%fﬁ>\(’e r@?é tibhShr §x‘1'& CANBERE! O 81 Hesen:
protrusion i8 arranged with an included angle to t e upstream | ectlon of
t he bl ade of ivessichhammongstodler tben&tsyhervely thd abovs enerthendd lom:ofiomat er

over th surIacels def |l ect ed E)g on it eIf ab resultl%qlncreaselnthe
| ocal s sulEC fRRAROH FRRYSe Bt the nami ol qavita élhf’p’FBYFU% 6B B 0Nt es
substant al | WilrehidtCideidd vQ%@ﬁfe@ttﬁgt %utdﬂstﬂy%%f I%E it4QVLCEe 1mdvRNtRgEOUS] Y
said protrusion iIs provided by neans an adj usta I'e I'nterceptor, said

i nt ercept or hawavgtagonollieaddeceshwk aos rémamsw@fesavdau red hoetboh flvgl dontteseby,
in |0 use, the extent to which said noveabl e surface protrudes from said
first surface can be varied to control the degree of lift generated by the
hydrof of | deyi ke e RERNIEraRlwn ST, RYRALE 8 SHELAGAEH (Do LRABak B PEPLT ude
from either one sal ITst surface or said second sufface 50 as

change the dprmhr@mc@éasbl Thisgeheeoatednhy wibelyhyglsitead in dlaxiicein e forr

Typi cal é% sai d hydr of 0|I devi ce furt er conprises neans for ventilating a
separat€d ca¥ f‘)?PPB?rn’é?f 48j1ateErPt Ahe a9V 2euye therebidedesinge chotihddd by

the water flgm;\fs?gvaenoc%ﬁp&eég&ét.nﬁé sSECAd (JHT ACE Prd%t grapl y,gaid-

means for venti ng conprises a flow path for air from at mosphere
wher eby, in aseympiniedi by abftowrspardtonoatdiehe dvinhatich 6f bywnpiegsad: regie-
ventil ati on. . )

behind the device. It 1s the pressure drag associated with this low rressur.

region that contributes to such devices poor efficiency

25 The application of similar devices to the marine environment - rurthe -
complicated by the possibihtv of multiple phase flows, namely hiqui. nd g

While a pressure ncrease ahead of the device mayv be pnsmblc, the - ovematy



I n-one enbodi ment said adjustable interceptor is formed b§0%Octekieri20§2edge
section of the hydrofoil device, said trailing edge section bei pgrnl 70%433’
"nmounted on a main body of the device by nmeans of one or nore @i¥%edg 0 12500
Preferably each said pivot 2 5 plate extends outwards to a nmaxi num dept f
said protrusion and extends upstreamat | east twi ce this distance.
Typically each said pivot plate is pi vota3l'y coupled to the interior of
said nmain body by a pivot pin. Advantageously one of said pivot plates is

| ocated at an endgioh famtqdabehirid tHeeddvicdr mbpibe ofasifideritly RWEPRBurd k& Hifitiste
loss at a tip of the, device. AMENC7! =D SHEET IPF r4l AU 30 " Cctober 2002
PCT/ AU99/ 00333 Fea¥H¥alipad 5 April 2000 -5 In another enbodi nent said

adj ustabl e interceptor is formed by a noveabl e section slidably nmounted in
gui des so as to be noveable in a direction substantially perpendicular to
the direction ofAbdtmliampatenttapplication Nb. AU di36Y9Gf which de thiecAustrtiaaNatigeadus| y

sai d guides are §,orne i ates.fixed to a i_n, bod f the evi ce
2nd adaptibd ¢ o IAFEERCE s 5B Mesfibek 4 SestBnfmn o fvARES, Bimumig gt e
across said fir sfloating fpasicion A€ copldhing droseatigldniiig stipdmll f ad e courReadtt the
the propel | er heRiFHBEATSRREE PeyoBrh GLrBropR: bl tfBehanBrAg g 4 e ne
of the hydrofoi lis bhA€led subiiprges irafsversellyl ththe aldtivaGeaténilowd afi@ prstehdss 4t the e

| ocat ed on an oplp05|te St] e of t bl ade to said first surface, wherejn
water flows overOVReeHd 9 b sioen aioBe ipm e CER ) aanr@éd}aﬁggeﬂagw@aAl&
trailingceedge ofandferwiirdigl dire@éfivelddityoRipahént i ABntRUTaNG plae. AMiAERRL cldaRs
trailing edge of the bl ade sQ as, to produce a ?lurface di scontinuity on said

(0]
first surface ar?dwméwe}umeséﬁlﬁwrshq)ﬁﬁcgspf)ﬁwi shipy iplh bt chagiianringrisased irésgengd
ang e 10 the UPSHifedRll'd'fiebdtiont sitfack F Y HEIPbAY Wwitith heRfort ARBc(B affiOthe | O

90 whereby, in use, as the flow of water over the surface is deflected back
2 0 on itself, elripuring ppsidon plihe skip 4t praserebed gighicitigs.e Jhisrmechanismiig howeer
surface ahead ofy sal ' aﬁgﬁ ' SWiRS j : %;%E%J‘ t
gener ated by thel“%i?éggg@f)@&cwﬁ%%ra %l&%;\}e ;l)r otr%g{ag%?#éx%}é@vﬁge f/’i.é?reans
of an adjsust abl eplatacar beeyentilatedsa minimiseqresspedraghavi ng a noveabl e surface
form ng an included angle to the upstream 2 5 direction of the bl ade
whereby, in use, the extent to which said noveabl e surface protrudes from
said first surf dile mesentievention eds devetopoed with atview tdproeitingemaeant édexploit the

propeller. Preferab ai.d veabl e surface is forned.on . l,idabl e ate
which is supporﬁ%e&e}ii%o ad°°&r§‘58%‘5“[ m&weorg?s ac8r°lf gﬁ}ygﬁ)?l w}l?ﬁf?‘ﬁmﬂlé €of
the bl ade so thadetriméntaltinfiuente effpréssivgldrapf t he propeller of said slidable

plate is orthogonal to the direction of the blade novenent. Advantageously
sai d hyc?roof oil device further conprises: AMENDEf~ ~I|IE, ~ IPEA/JAU 30'"

Cct ober 2002 WO SOVAVARY O0F TRIR INVENTIONS3 a second protrusion provi ded
adj acent the | eading edge, of the device sq as o produce a surfac

di scontinuity p?ﬁ?ﬁg@% @t?r?&e‘ég‘?al“ﬁﬂ the, fgmn eW,‘pqSWguése‘_,‘seé"}c&me[ﬁ’ H‘g&‘f’ ISERRe
separation defi nggt tﬁaewfyd)e&m@m&u&w&fw& stepd ichfdell in el iRVEnfBA nGQIXpEdsaIyT €S
substantially to stable 5

| ow conditions acro0ss said second, surface.
Preferabl y neansdefised \asneampsehended i the deatures et Hieestpish spreifically debipedh pr

Protrusifn are pddyindad vt ddchidthd? T8R4 aﬁcﬁ&lstt&%ﬂﬂrfﬁcl&ﬁcf Mﬂeofesé?gﬁ%ﬁ‘lt 6t | ow

and inhibit the possibility of cavitation on said second surfa

Preferably said tﬁemdicpmmrﬁ@dsasmwtl@e-adj ustabl e between a first position m
whi ch a | eadi ng edge surface discontinuity is fornmed on said second surface
and a 10 second position on which a | eading edge surface discontinuity ~s
formed on said fAecordingitd goe aspect of the present invention there is provided an improved

hydrofoil device, the hydrofoil device comprising:

30
a first surface and a second surface located on an opposite side of the device to said
first surface, wherein water flows over the first and second surfaces from a leading

edge to a trailing edge of the device; and,
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Typical ly said second protrusion is formed by a | eadi ng e¥jeOptober 8803f t he
hydrof oil dente which is noveabl e between said first and secon8Cp@#3j90/00333
BRI EF DESCRI PTI ON OF THE DRAW NGS 15 In order to facilitate Receivedd Ateil 2000ed
conprehensi on of the nature of the invention several enbodinents of the

i nproved hydrofoil device rili no~ be desc¢ribed in detail, by way of
exanple only, with reference to the acco'rr%ényi ng draw ngs, in which Figure
1 (a) and (b) illustrate a first enbodi ment of a hydrofoil device accordm-
20 to the presemd piatt-umntpirmldedﬁicbauem th¢ ajajlinghadgerod tfefeviteuss astepmdaecand

nmbodi t of | | Il rdi to th t t .., Fi
Sa) ana o~ -sorlies dxppting e A R el provaey itarnged Wi an 'L
300" Ot ober 200N OREH B0t HaHARAIP o A of oA it

illustrate one pos e mechani arrangenment for providing an ‘adj ustoabl e
interceptor for whereby dn efgithe flowi afewattr &veguhe surfica sl déflecteddhack oﬁ(lts):lfaad

(b) illustrate another, possi.bl hani cal arr e t for oV d| n

adj ust abl% int erreﬂ'b?'&ﬂ ‘W@Psqlﬂéﬁ%%cﬂrwwe&&??‘égngfsﬁn %

Figure 6(a) and {dalritutds4absiatifllPtoRRSH Boirdi&PhAME Afdrofdil RIS MENT for
providing an adjustable interceptor for a hydrofoil blade of a propeller,

Figure 6(b) being a section view through the line A-Ain Fi gure 6(a);
Figure 7(a) and lustrate the .fornati f separated,fl on a surface
ot Sihe hydr of of | AeplagetBl i plodSsioR iPter SRt BY aiaRhf it ppscitle a@?rﬁsretena

third embodi ments,@f inferddp tdﬂ%ﬁ%ﬁ%hn‘i’&)&tﬁ@s@%@f&hﬁn gaxd&ctuhedm SMfitreby,
invention; Figure 9(a), (b) and (c) illustrate a ourth enbodi nent o

hydr of 0i10 de~~t cuseathe exigntig which said mowélqsurfwepmtmdﬂs ficing said f m(sat)face(da)l and
illustrat fifth enb ydr of to th
() L0 U120, Bl ST IRl s by SR 768, Pl

hydr of oi | devi cegf mEVéﬂBIe surfaéh can'é Madaub @r&&de |f1‘oﬁ§é1[h%¥ Bfe 8f Sdid kiRt surface

enbodi ment of the hydrofoil device according to t present invention 20
DETAI LED DESCRI mrls@]d sepordpEHERMRBDS FNvEenE N%secmnmf HBtgenernied byrdle hysirofoile

i nproved VWwdrofotl .device 10 |11 acc()CdaIIc~ wii ; tt invention as
illustrated tn | dfﬁ;e 1 conprises ;3 ttrat 5nrtoco 1? frenerallv ai:up to a
Iy ~| ~c~ri ¢ han anbi ent | ocal hf eaauru : ~ wenod sin tac ~ I 4 mhrmmw ~
A 30t" Cctober 2002

Typically said hydrofoil device further comprises means for ventilating a separated
cavity formed adjacent a trailing edge of the device bounded by the water flowing
over said first and second surfaces. Preferably said means for ventilating comprises
a flow path for air from atmosphere whereby, in use, air will be drawn into the cavit)"_

20 by natural ventilation.

In one embodiment said adjustable interceptor is formed by a trailing edge section of
the hydrofoil device, said trailing edge section being pivotally mounted on a main
body of the device by means of one or more pivot plates. Preferably each said pivot
25 plate extends outwards to a maximum depth of said protrusion and extends upstream
at least twice this distance. Typically each said pivot plate is pivotally coupled to the
interior of said main body by a pivot pin. Advantageously one of said pivot plates is
located at an end of a span of the hydrofoil device to prevent pressure loss at a tip of

the device.
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WO 991 57007 PCTI AU99100333 _g_ opposite side of the hydr i Pcigbet 2802nd i s
general |y subject to a |ocal pressure relatively |ower than tHRET/APIY/p333

" first surface 12 as water flows in the direction of arrow AResgived § Aprik2008¢
and second surfaces froma | eading edge 16 to a trailing edge 18 of the
device 10. A protrusion 20 is provided adiacent the 5 trailing edge 18 so
as to produce a surface discontinuity on the first surface 12. As can be
seen nore clearly in Figure I(b) the protrusion 20 is arranged with an

i ncl uded angl e Aniapothércembndimend isaidiadiwstablerintefceptheisifyuinesl byi 4 moiveable section

approxi mately 90,. that the.flow of water.over the firsf surface 12 is
def | ect ed back SHS‘%J%JP?@E?Q“ ﬂﬂ‘ﬁss (a0l bE HoYeaRle dep f?(jﬁ‘%p Qu.sgan%afly
preferably sli glelpéndieslsr thae AediPnast flowldT waRAlafouad@fd hfdiofil d&viéd ow 22
in front of thel{)rotrusmn 20. The recirculating flow 22 serves to

decel erat e t he fAdantagequalysaidgiides sranfgrmerbby guide platesfixgd to @ mairhbody efthe
f 2 1t isgthis | loes hat, .1 f b fit |:~
Generati g 11 1t dekibhind RERRANG piBinyi R BuniRE SERIScali SR i ofbaulCREoReckss i 1

exi st, above ~hrsgid firktaudthcef | ow Wi I | recircul ate and bel ow which the flow
-rll be deflected by the recrrculating flow 22 Upon being deflected, the

fl oe below the separatrnr streamine 24 will separate off a discontinuity.
The flow will rehepHlingtloanatheraspest ofthe presen{ inventian there\s provided 4p improved f or m

a separated cavi An  ai ~ j I e ! vity
26wt 11 i i m s cepsder(of e pRpUlsich, 1B GEorRHA iablheRh il CoriRBIE BRAEE:
air wlliot ypi calany ableaston@ofthe hpdiofillbisiss tdmgprishighospheri c pressure, air
will be drawn into the cavity w thout po~~e= assistance. This ~s kno~~n as
natural ventilation and relies on a suit2ble pat being available for the
air to reach th 1 i r&s.T. i

natural ventil a'?‘ll %%fjé‘gfag%é%djg\ééﬁ? g%%%%z%%ea%g%t~ Pgéhszdse etgéﬁkaéaé%g?%d.
Base venting dedirst suefacd, vhelziniwhtee fldws ace tBR8fiek ahd secondisurfaces fopen lebdihg wi | |
encourage ventilation at_all tines thus maintaining a readily a~-ailab -_
air pathway As fgg%mtrmm?%&og&@ eNgf the protrusion 20 on the | ower
surfmu :1(r§1loc pressure on | h~~ orsl surtacu ahead of tho protrusion 20 m
m~r~asc~d :~ ~. _w,u th of the Iocal hw ~ostotn prussuru Tlic ~~tent c>i

tl ~c~ wt (u~oru anptotrusion -providesir ddjaced®Othe tfailingbetge 2 0Re \Made HoSak0 7 produce a

~' CT/ AU99/ 00333 ahead .of the prot r.gs' onmgto i%gf I‘un,ctqiqu of (.anpng ot hgr
things) the hei gHEtaqs disgoutipyity on,s3ig firstcs YhFrgIn: 3K profrysien &y Aggnge

(T usi b ' . . .
protrusion abovgyjign 1ﬁcﬂ§ded%@fe%%é§p%&$§m§&&ﬂ{m g? ﬁ%é‘ﬁ{/dél%h | 6§ han dre

varied. Figure 2 illustrates a secon odi men rofoil device

accordi ng to t heqiaite 907 wheraby, ¢ usen eothp dlost efswiieranventhieusstfadzl ie deficotaddmck or

for varying the height of t.he.protrusion. In the hydrofojl device,3Q a
Fgure 208 1 1 aith b psuIbig ifeespscs g Moplotenstie ol it et suefogeipieed 2bpald

I ntercept or haV'ﬂ?&n&idﬁ%ﬁ&ﬁ:‘u&s%ﬁﬁsﬁﬁﬁﬂl%-m&rﬂﬂﬁwﬁ ée‘ﬁbia'té&%ﬁﬁﬂélﬁroﬁélfér.' on 32 is
pivotally mounted on a main body 36 of° the deviCe so that the extent to

whi ch the noveabl e surface 34 protrudes froma first surface 38 as 10 shown

in Figure 2(a), Rrelerably said peafrusioniie pravided thyf means3f dnoadjustable intercepterd saidgl e
to the upstream.djrection .of the foil slightly le han 90,so0 _as t
produce a recir dﬁ‘eﬁﬁeptr?ﬁ Y18& 24 %Iveggl:"’é%‘ﬁ{f’?e’l f?&‘%%%é&&‘i‘a‘fﬂh a?gg% Z? e ‘é%sgxﬁ?rg on
the firsts surfachiredforabfid Bidet WikeréByy @it ées tifelidxtért @0 MhichT§@d hivvesbl@ burddce

pressure o~~er the entire surface of the section will provide the net force
on the hydr of oi |pratsudss froposaid firsksurface eambg, vasied e serntipd thej thrust genpratagk by the
conponent in th%rg\;géll@ tion of the flow called drag, and a second conponent
normal to the flfow cal'led Iift ~"~"rth the described enbodi nent, the
contribution to Iift fromthe | ower surface 38 o~~er

Preferably said moveable surface is formed on a slidable plate which is supported in

30 diagonal guide slots oriented in a main body of the blade so that actuation from a
hub of the propeller of said slidable plate is orthogonal to the direction of the blade

movement.

Advantageously said hydrofoil device further comprises;

(PEAJAU



pressure (above hydrostatic pressure) is nore significangghhgQopE3s0ds om
the-- upper surface, although there are contributions to |ift ?rom%oth
surfaces The 20 greater the height of the perturbation on the | ower surface
38 provi dedV®25M0pE adj ustabl e interceptor 32, the greater PEHAUPI/40833
generated. Advantageously the adjustable Interceptor 32 can be pivoted
either side of the hydrofoil device so as to extend the protrusion from

ei ther surface of the hydrofoil. Figure-@¢b) illustrates the trailing edge
section 32 formng the 2~ adjustable interceptor in the neutral position,
wher eas Fi g@r@CQ(lg)PFQIT@@E)mPFQYIM adjaadritdhe Aeasling pdge oBthedeviceadpreg tabove

t he upper surfgce of the h\f/idrofo! |. The increase mlpcal Bre%sur.e on the
upper sur f adSOBHG e SHLRL ABICPNBRIE ST sale S5EBRA JURTACHi WHFEPY( &Y WR6ulrd
contribute tEsatingtfldwidephRtiod diiddoRBaid &R0 sttface Tedudes fAcHONVaRgl ~ar ds
direction Tlos prfncr~~lu may L~o applied to botll svmmutr!,- :." ~

aavnrt ~et r i cohtriputes subsiantially3Gr stabiet e rcoadzpng@Cass 5700FCPEl/satfeé 00333
-10 In applications where high lift is required for only a limted period
of time, or where the hydrofoil device is to be operated for extended
periodssof toERraGEN rhsi Rl QuhMBkAGT HlESecd e Rife€tbdind N§ai" 88U

i nvention nmay be conbined with a conventional hydrofoil and a non-base

vent ed foil Botmsiorberepsevidad sslasum pievent Fiagtackmate)f. the iskparateel hasandent ed
foil 41 illustrated in Figure 3(b),. an air, source should preferably be nade
avai |l abl e td“%’é”%ﬁ?tp%ﬁsfbélgftyi Qfeqa(’kx%bogm%%b# ECIPRCHITEM for effecting
novenment of the adjustable interceptor nay be enployed. An inportant
consideration is that the included angle at the discontinuity should not

al | ow pr essdUtrefdrably saht saeghd tpretroeiohds adjustabhebdtivieen a Girgteprasttadrech wiidhhe
hydr of oi | devlﬁ%a.wi I 1, di m'fgi sa.with i ncr.easi n%?]press re | oss tfhrou h this

| ocation. NEVEREHSE GABE RETAFaIdISRGUBHYE 18 ERATEH 08252 SEHNUEVIIRE 1Y De

ef f ect by A r i i L or; ; I

U ace Any s e R B T SRR

el ectroni ¢ dont swifher. of appropriate type to regulate the |ift generated
for the particular 15 application It is in such active control applications
that the device Till denonstrate rapid |ift variations due to adjustnent of
t he di scont if; ; rd Wk 0 j t o se
e make Rl G o e g R o b e By e PRy GRRRE
convent i onalhyirdfat detrice +vilivlo 1possichble beewhansadl firar amd gecmewt gofioons

ef fecting novenent of an adjustable 20 interceptor are illustrated in
Figures 4 and 5. In 4(a) the adjustable interceptor is fornmed by a trailing
edge secti ongdgmiEdcR RO GRPE PRUNBESQN a main body 44 of the
hydrof oi | device by neans of a pivort ptate 46. Pivot plate 46 is pivoted
from t A5 i ntler bodeofo tfhelitmé m booke ddtabiyd acopipehepsion 48. tHey plabael 9f thew or
nore of such pivaqt plates 4 re provided for s rting, the adjustaple 25
i nt er cept or ‘li-‘gefm@“ﬁﬂé%féﬁé@% PR tsmfatgégm@sog%f Pidrarat dshree ¢ “Qtﬁog‘ért
the trailin [Wol; f i L } ans of
trapom. the T ocar e b b et e Ty O ke R RO e
across the sdwavaogspih whehf ort Advant ageously the prvot plates 46 arc sized
ae that they evtend a. least to the depth of the protrusron and at |east W
we tlmdistancr unstr~am 30 " Cctober 2002 WD 99157007 PCT/ AU99100333 - 11

Figure 1 (a) and (b) illustrate a first embodiment of a hydrofoil device according

20 to the present invention,

Figure 2(a), (b) and (c) illustrate a second embodiment of a hydrofoil device

according to the present invention,

Figure 3(a) and v+ llustiate vanations of the hydrofoil device of Figure 2



A plate should also be located at | east at the end of theghydyofoil an to
prevent pressure loss at the tip. Figure 5 illustrates a %@Eg*#EPGeraQ
arrangenent_in which the adjustable interceptor is fornmed by a noveabl e
section 50 WAIP¥RM% siidably mounted in guides sinilar 5 t8CHAYIMIP i ne.
In this enbodi ment the guides are forned by guide plates 52 fixed to a nmain
body 54 of the hydrofoil device. In this _arrangenent, the guide plates 52
also help to minimse spilling of the | 6cal i sed hi gh pressure region across

th f f th d il .. Th i zi d .l i f th id | at
5 voul d be surefayaad bl it asRuras bl Mo RanscmeRtiol Braading o os
46 of 10 Fi oK Gdfhstdble ﬁrﬁ%r&?ﬂiﬂ f%@ttlil@ﬂyaﬁqfﬁﬂ%eglfcg%?'ﬁ%irgé/ 83higofl to a

propel I er bl ade,” the actuation of the” adjustable Interceptor would normally
be available froma hub o- the propeller. Figure 6 illustrates an

appropriate arran nt .fqor propeller actuatiop. Figure 6(a) illustrates a
bl ade 56 of gHF%%Zﬁr’T éPdvﬁ@v\@d‘sgﬁ@ Bﬂoﬁ?}eﬁrﬁ%@%&wg‘e@ anirlngrrapgameny fer an
adj ust abl e | BiRAGRRIA adRsRbR bcHBskol FOMHR Hydishil 4 ,As m
t he previous errtl)odlgrren?%j,%st he rr)lr ot%gi on pr ovyi ée%l Ef/gvﬁ‘%g&a}ﬁgﬁée?‘?bﬁ& 5
interceptor is provided adjacent the trailing edge of the _. propeller

bl ade 56 so as to_pr.odu a,surface discontinuity on the first surface 60.
In use, %57 Barre Al ianet BAdliRiFtRe PorsThic pheshenicdl ArnarEeRt (e PRI 60
of the 20 bl adgqfrRRHe RtbR2pRIFIBE 3 HydRbioN 6134 i GF he
propeller. This g%ntrasts mFth conv nt?é%a% p§§§%F1@$§§&g$ n(?ﬁﬁaﬁ?c nost
of the thrusa sectiogeviematledupl tbeitine ofrAoin Figeiré 6();pr essure side of the
propel l er bl ades. As can be seen nore clearly in Figure 6(b) the adjustable
interceptor is forned by a slidable plate which is supported m di agonal

gui de slots £2,,0f FENLEE (B B1LSR i0f of tion
in the direct%gn o%@arréa)Blggg%%%ﬁggﬁﬂﬁhgﬁotEgm%%%%gf§g?ﬁgthﬁgegfi abl e
plate 58 is loyddodgiddavicewftHigumi Y;ecti on of the b!ad~~ novenent The
interceptor plate 58 sides mthe d~rect~on of arro~n~ C Each of the
emhod~nents of the hydrof oU dewcc U ustrated ml~yures ~ '> ~ best suCed

to condjtto = gl =kl Qe =]~ ' ~ P M 30"

oot ober 2002 W BB 00 1 PRl BOs e SRR 8T ) M At Sy rath
instability tontheherebéravinvehigerg is a risk of uncontrolled ventilation as
illustrated in Figure 7. Due to changes in the inflow velocity, there may
exist a region of |ow pressure on the upper surface of the hydrofoil (the
surface on t [ j r,0 ' I ((S, S (iof, .kt 1S 5
poss: bl et hat Bhe s oY Sh3e) AsPLobhe Bboinhrk Uil RybiBlienkl |
Figure 7(b) a@oedingltosthetpgresgntassenteon;Si nce there woul d no | onger be a

defi ned separation point at the | eading edge of the cavity, unstable fl|ow
conditions would result and the Iift force would fluctuate as the ;
separation pgi S@y eunp o] dnof o

The | ocali segfgﬁlltr%ﬁl%r é?%)'ul? Fe}ai%) erﬁ(llal%?%rgé gdn ﬁﬁ ﬂe%%%ﬁ%ﬁr ta%:(la&g %1% %?\ 1tQ L
protrusion waddordimgpioehe @ayentenventadri;on on the.l ower surface of the
hydrofoil. Wile Figure 7 illustrates such instability on a hydrof oi
design for lift in one direct>on only, a simlar phenonenon could occur on
ei t her side oh@i I: |, § in direat | s that
In F>gure 2 gﬁﬁﬁigﬁg?bﬁﬁgﬁgfg?f%ﬁﬁgﬁE%5vg§ﬁﬁ§¢ﬁﬁﬁE23bfé§ﬁ‘?§”§L§ﬁ9R¥ﬂ~

oscl !l ationsl@mntb extend the application of the invention to operate
successfully in oscillating inflow conditions, a further discontinu>tv may
be provided on the upper surface of the hydrofoil Figure 8 illustrates a
third enbodi . ; > ' nge- =, W esent
nvent on. Ttz et eEs S5n HREARRL (N ERAGHIBTAR o Mhecpilipe e
illustrated presehgutventioaxcept that >t further conpr>ses a second
protrusion 72 provided adjacent to a | eading edge 74 of the device The
device 70 also has a first protrusion 76 provided adjacent a trailing edge

78 of the dey] . i i i f>rst
sur?aceﬁgo, eﬂfﬁAﬁ%-ﬁ%E?gﬁ[?ﬂ@ﬁ @)Fsl Fgﬁ?‘ﬁﬁgﬁl 'Dﬁ%%d)fb%&%#?éi gur Zr i The

second protrushon chdb@Ehordne es tie supdoaed hvdrofoll device 10 1in accordance wig U

| .
e

invention as tllustrated in Figure 1 comprises a first surtace 12 generally suvje

(o a higher than ambient local pressure A second suriace Ts provided oo b



25 discontinuity on a second surface 82 of the device. Tlgg%thf &%ELP@O t he
di scontinuity on the second surface 82 is to define a separation point 84
t-lat i11l. remain constant across a wide range of inflow angles As the flow
mov es overWPR&sI8Eond surface 82 of the hydrofoil the dt sd&I{AUINP33 at or
near the ~eadlnf: edge 74 will cause the flow to separate 'li~e angle 0 at
m-hl cv~ ti fl(w :~~parate~ 30 can be controlled by selecting tfle tangent
line on tl)e surface ul tl)e h~ ;rusl()i®~ at tIICdISCOltIIIUTt~~

~~~Itll ludlclal .5el.l'C| ()il fotile I1I~C 0 L1t~ 1~""111, t!1l
30t" Qo ober PRI %@%ﬁr&zﬂ SuL %eﬁ\iéa“aambd%ﬁ Ihagect presire |
defined to Cl‘éVanvetliﬂ?O‘X/é@mahrlﬂﬁﬁggﬁ}[eﬁigrsgQﬁrfgéédfpﬁ.@bvlatm&ﬁg i% %?ﬁir@&%’w In

Figure 8(h). In the region behin iscontinuity forned e second

protrusi on %, amovaiX oseutle first pmadfsecqridl yurfacte favmi 4 dbhdingoedge 16 tpraevent
reattachnment of. the 5 parated floyw on the second surface 82. Preferably
the sane ai rtr%‘SJ‘HBc%dgFazg Og\ngl‘g?d’I‘?? \t(VQ) t‘?ﬁé’rﬁgg@(’*}gﬂ} ésdpfﬁ“ﬁﬁFgr?éilaéﬁﬂb the i s
enpl oyed. By SiGR (e 4% {0 OWAIRE of duirflch AR cBRIIRS Ry bhechaerﬁemng&é@fﬂce 82

is thereby reduced d the possibility of cavitation is prevented with the
adm ssi on ofAsaran bé&lseerpomopesieadf in Fegutedgrthe puotrysion 20he asengediwitivdrace 82

is to encoura cl ean_separation and 10 staple flow, caonditians, 't eby
avoi di ng buflf‘gﬁv%i. ange g fo %Wﬁére&&aatrﬁgwrbqfatgﬁgyer%fearsﬁiaﬂarwn@hely Eﬁl
second surf ageir8¢ dhdAohas Al 8§§Pﬁg fid¢ §Ln'f’acEH@‘?§ géﬂéét@&% fRon ilayeppeen at
a pressure less than at rmsp%erlc. wever, the addition OF tﬁe upper
surface di sciid ireasiohy thathdlwdhdt engleet lis prefembbe sighey déadthdned®° ot e taipper

surface being nostly ventilated 15 at at m)sRheri c pressure This, I(fss, of
lift isiOhoweSrgrteot re@rcuigting dopedt ddrantidtthe pretrasiopns. udberresiis aldng and
the stabili{yoQMd ddbbes BlaelaEh OGN REELy RIORIAL A% LA HHaRgh, SHTfACE

di scontinuity may becone essential to preve%t- cavitation ‘and instability.
The princi pl Brsadsafd@ge? of [t ki thiannaregsamentlocalepresoumeetiidtonabl ydefof @il s is
that 20 the speed of the flow over the section is no | onger constrained by
the onset o 8eMFRHBEISh. Sufficient flo~ speed past the section should be
mai ntai ned so as tc~ ensure separation occurs. Beyond this speed, the
presence of air inhibrt~ cavitation and stable flo~ conditions exist. Fully
cavi tating hyduotled hrssgatfacns? havpataeien stheairgied?24 orill lexig, sipse~wRbh the

applications previousl}~ h~ general a relati Velfé)mhi gh, i nfl ocN anal e gnd
hi gh f 1ov sPewd wille redigufate o betaw ~vaich sheslony evihpsudebastes voveF t ho
entire surfa i, S$uc i i0f | gliesnaxt Vv . o

cQ 111~r~~I | ?es%ler%tLl H}glgfeﬁ #) %\c%n(@&%@éﬁ 9g%?§?’<£%op?&a§%lgkvhg‘$ ge r?rratr%ﬁt fc
~o Llr~11 1 bfredrnline 24 nlisepecite bifrd disapmlinwat. r The flow 3001 tef@atrofppar002 WO
99/ S7007 -14 PCT/ AU99/ 00333 By generating a separated regi gn froma .

di scont i nui t §tteddhe hydgefril deviss 19rsoas to OB axeparaied CAVRNEP o ThE T 6RRTCE
relatively thin Sacki ' bl Rl ar [Wafol ta.the
Frow Thi s 1 S B R e e R At e
effici endy othd beppaagenivitynzentithououer wil eypioalsyl Yedasa grresbue dessi that i ng
hydrofoils. However, the present invention nmay also be applied to hydrofoil
sections despinesphaic mueispreadirt atillnge cerayn i Bks . thyhgaysherithauipPoyve:

| eadi ng edge _di. i Ry Ly may, al 1.ed to f.0l Laned.for
lift in two 3?%‘%%8 ?%n;m z‘ispés%ﬁiaﬁqﬁ@gﬁaﬁg’% %‘Fagﬁoéu?%&/géllg)ﬁsl ({)thst% rsgl'? %‘Egas%o
forth enbodi ety &faiRbhydi @ik tderichahBydrofad clekd@noef riint thetah@obpivent i on,

m whi ch the second protrusion 92 is adjustable between a first position m
whi ch a | eadilRgagdgethaunpiavel ypaieBrHennai bise ¥eyedvihgdPioh sgcieedifd 9eff ace

9~ of t devi n . ol i i I i ~Siyf.ace

di scont ?ﬁui t;édlﬁgt%ogr %,g% g%%gméfdfi?és%?{btseg%%gﬁeh 'ygéno%?fi%ﬁeﬁggﬂlﬁgeﬁgﬁlgcﬁg r"set‘ and
second posi t thaswill chf®rige secoadopradtativghont2 ranetaininsh raidt dvaikbgur es
9(a) and 9(c) respectivel\' In this enbodi nent, the second protrusion 92 is
formed by a [@aBRHyYatge portion of the hydrofoil device 90 which is
noveabl e between the first and second positions The | eadi ng edge portion 92
of the hydrofoil ahead of the upper surface discontinuity can be arranged
to move in the apposlkbe tel pRSthA@NOL thet hRtd@idiT 20 bhngc adger sechion8of the
hydrofoil as shown in Figures 9(a) and 9(c). Mechani sns For noving the

| eadi ng edge Kyepturemmothegtrst e tasrdrtsidi 9 thayproneswinml wrintwatttbse enpl oyed
in novi Ny theofarfhtc | letli on 98, The t~o rrqygapJ (_emp(orti ons, of tp}g tkg)\/ci’r,g]gsqj I

. g b( WG TOStadi ]rr-hburv ¥ th(‘ mitucence
device 90 may al so be mechani ¢ y ‘connect e



One advantage of this arrangenent is that In the md-travegl,, positi ~
silo\~~l, 25 in Figure 9(b), both surfaces 94 and 9~ of t é ﬁﬁ%f%@ﬁ
benetlt fromtile reducea friction afforded by the air cavity .--~s
ment i oned IWOP¥FRPBI) to Figure 5, th~~ tangent at the sengiﬁ"iua?{“B@I nt
shoul d be defined so os to ~;elnmratu a c,lv. It\ ".1( encapsul ates the
entire aft portiol) of tj~~ I1)ydl~ol11l ~1 iu ~1(~j~llv tn ti)~ 011W
OQilt111111tV t() tile nlalll 17(1d~ ()= th)t' D\'drax()Il dt'\ IW

pcr) Auooy oodisial Yagbigeision P01s + AFERR b G ahE R the Aghi oties e

any cavity gsetiusidn 20)SBypsaryin@ehd height ofhb pratthtiog above thel (e subhre 12
arrangenent of the |eading édge discontinuity ensures that the air supply

i s mai nt ai ndbieaetanemd theeinfhmacagcandle wvaried.| Kigures?2 ithistraes ansgoomdt i s
particul arly suit.ed f ontroll ed. surf ages ch as rudders. |In adopting
such an arr a%%?f%ﬁerg§?3%¥a5?f$8 (%glcgfé?%rﬁg%t%stgg&vef‘goﬂ&q‘lﬁﬁmﬁ%p%f cket
of cavi tat i oih agjastadbleintaradhidd f6€9erydhg trehsight bothe Pibirdgionne neutral stage
bet ween generating lift in one direction and the other. A circunstance nmay

arise in high velocity applications, where the air source contained in the
base 10 vent Vi cARnot . .1 he ) eadi edge due t r.eqi on . of
attached fi o@%hgﬂjdy &a%[f)oégg%‘fm%fg 63}3\%1%{% %na %ﬁg%gx? © Sﬁﬁte‘%fa%éﬁ’ fttﬁg Cfglvtlce{eched

f1 ow regi on.foik AnCdd)E4¢iBib aitefeefiBr E/iRY 8 hiBblealib@bd 38t The L@l edge
efficiency, by continuall~~ maintaining a discontnmuy' on both sides of the

Pol | near t hecliemdi2ng pivgtellsinmoklatagdeon aymain bady docefvihe-dewee botthatsthes of

the foil. If i gni fi.capt aft dist 15. dept h | oyi d th

oo or &1 gt Robpid e flovefbRiABRORE Bl doid PHBSSFRs%s 1

suppr esg t heshe@nt ik eﬁ%&@ A8 chih fle Wridd. r Rdilebible! SurRPOBYI BEME NG PICRERIY
e

invention to a propelTer significant ga;;ns may be= achi eved over
convent i onal anglegel therwypskeama dientientdt dhal fod hifpslighpy dpsd tean A% sp gsato bl ade

velocities are |limted.s S t to cavitate the fluid. nsi dering .t he 20
inite th ciroguer miecinpdalipa iy bR SiiiSn s easerh dareT pequee s 4he
non-cavi t at i @ bhAdE 35attesrl SathkYnbieabies @400, 3Pe e PRIJIGT ke S€6ONd
The | ocal bl ade velocity conprises a conponent due to ﬁnflow Into the

propel | er dithk entos sintrca afethscsecyionowpbipeatiddube tret gomeedn ehe rlotdapf@h. As
the inf]J.o~~. vel oci to the propeller. di sk I ncreases,. the vel ocit
oronoht austiaRo i &b sy BE BB infi K PRERRER in MRl Bn oY the

cavitation fneg dliew &xg,raﬁdﬁs sBtAR ImpPRAUMETHGAY] LRt AR dalled her efokie
beconmes necessary to InCrease the pltcil of th~_ blade to effectively

reduce thu | theidestribechergbedimerndothefcontibutidn) te lifefromdhe tdwer fusface BROCEDUL es
r<)~feSSlvel\' |f’' i td 1" o )rLl St | the. VeSSC |, ,11)u | O (!t

VLT E Oy ~rresyre ot tykirpyiape Rreury) 5 mere Figgiranh i 14 Bhesthe 51

Cct ober 2002, M6 994 L RO 1RSI AR QB3 3hiribatiBRS BHER fdmitHtAQUriakbdd t THe by

the onset of cavitation, the present invention allows a significantl Y
hi gher 20t at genatdr bpdeigtdfoftthe peropbhtien ondhbéower swrkdcn e, pravedasbyy the

i ncreasing the component of Iiff acti in.the direction of required
thrust. The ?@Péttal Vel erf?f?ﬁ?@éc%}?eo%reé%g tb‘f é‘tﬂa$ein§ﬁarir§ t closer to the
rotation of the propeller 5 reduce torque and/or provide greater
efficiency. Furthernore the higher rotational speed reduces the torque
requi rement Aoivantrgedesly ghe adjudteblereotearsipted 3amponpivascdirithshafleiaigtheo

transmt a set ,a nt of power. Shock, |.0adi ng as result of intermttent
cavitation i Y%\T%Ha@%‘%“ea? ¥ rﬁ"‘g%*r “?eotPé?YqBﬂO%Sfé%‘B S‘rth‘frhéuﬁﬁ%‘prH tté‘re al so
serves to reﬁﬁ]&ﬁ‘ofbhe FRALE epb] QldE@RStes | REUGEHNET @ffel Sedth GONREAGRE @ic drag
resulting fromthe formation of lift. .
25 adjustable interceptor in the neutral position, whereas Figure 2(c) shows the

adjustable interceptor 32 protruding above the upper surface of the hydrofoil

The increase in local pressure on the upper surface of the hydrofoil device 31 as

shown in Figure 2(c) would contribute to a net lift force acting on the sectior 1

a downwards direction  This princinle mav be apphed to both svmumnetris &7e”

30 asymmetric foil sections



Furt.her reduction in induced drag can be achi eved by effggmid&werimfasi ng
the aspect ratio of the propeller blade geonetrically or by use of
endpl ates or wing tips The higher rotational speed allo~~s a higher
nnnentun1e%ﬂﬁ§ﬁ§%m?o occur ath 15 the passing fluid and heﬁﬁ%wﬁ%ﬁpgﬁér di sk
| oadi ng; or a smaller propeller to be utilised for the sane power. This is
particul arly beneficial where high po~n~er is to be transmtted or
restricted propeller disk space is avai1Hbre. By maki ng the height of the

di sturbance adjustabl e the benefits of a controlled. pitch propeller can be
Sehi evod v (A SRRSO Y IEh I S araRE fof Rl IDHEAPDE ol mence
control, as L O : 4. OF rd. Qi dto
the hub. The hets me PRt RbHpEs Bt Bferdtt for cAbrRE Yl b TG
source for tloe iffieevielositopsetiat éffeat of tiehpresenvdntvetionsmagdeednddned ndge | s

that this arrangenent | qws. t he use of rel ative]y stronger bl ade section
shapes to be? 8%‘}5‘%‘3&3113&‘6{88&911%‘%%@8%@15@ vanted {9139 may Beoised s hoxrn

bl ades. ¢Thi s;.n 130, Y2 51 JIdaetHROBu ! ¢ drtEd o 4 Nsid vj:ty and
of i of 5t he llnoag'&%%eagatl)m%ati (gir%i Furt %%t%rfgﬁﬁgﬂgaggggehf f|Sl | g%gtbg’qgﬁra{el%

usi ng, this souresmghkouldt pieferablysbe niaddecalailablepterfeomosingféectikan f or
conventional propellers oper<~cmT close to thc~ c; ~ nailc~i~~ IIITIIt

30" " QOctober 2002 WO 99/57007 PCT/ A U99/00333 -17 A further advantage of

t he i nproved WA e i of 4; Y ure
regi on creat éﬁ%%{ﬁ{aﬁg f)r{éar%?%ljrﬁg{ﬂ fdgnEfgeﬁghgﬁ{ég\é‘%rggﬁbg?‘re {:da\%%}?lg}gc}ﬁ&trg%qégper
surface ni nimagas dthployedsin ithpyrtaht ddngideeatiornts thaf thetinclabed gagleian thaf | ow
angl e and inf] uences of the free surface. This phenomenon nakes the 5

section par t tiseentinyity, shewld nefraligyy presstrelpss shiqueh thy msehasssn| dhepit ati ng
near t fre C ers, e it . S U C r 'l er

bl ade gfg)erat es&lltl%{egl sgﬂ%ggg?ﬁbpy&?gg{] él?\siﬁalﬂ?ﬁl 1%@?&%&%1@&&%? PPtsg"él%pfr?]'ggedi ng
bl ade. For atthzoagknhisoaitidty diidw@irherwhrtte Itidiling 2dgenedtainesl pf tmdétye f rom

a reduction in pressure_over the upper surface of the foil there exists a
danger in t h&ayPasiiecedpy ahydrandcaciuator medhanicabinkages fce S§INOFORK®! | ow
pressure regj es i Lol os f LI t r r e

"rpr oved hyararase oy e SB 28 fhpubbe sBpek B BRGSO 3R R E
lift loss. |eortasllert dfeaginvpeate apeopetaiitatef thedifty geerafedd titethatpargculps >>ar d
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unwanted force variations. The inproved hydrofoil mnimses this influence
by bi asi ng t Béeqtive thapripgidenee comiay! olor rosvantivaal budioigiledge. Figure 10
illustrates a fifth enbodi ment of the inproved hydrofoil de~~ice Ir, this
enbodi nment, the shape of the hydrofoil section is made simlar at both the
| eadi ng and Twaj posiibie dgedahizabmabhgerhbgts Sonefhydpahovdméem generdigablef t
upwar ds_and do~l ~nwar ds depending on the direction of the tnflo~ As sho~n
in th~_ 205 hinteedeptor arevllugtrated ipfFigngardeandd. In 4adhe pdiistao itasepirr 02
on the ftrsr.surfac~ 104 i.s. made the.. e..as the s protrusion
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WO 99! 57007 -8, 5re of such pivot plates 46 are provided for supporting the adjustable
25 interceptor 42 The presence of the plates 46 serves nat only to support the

trailing edge section 42 of the hydrofoil, but also provides a means of trapping

the localised high pressure region and preventing it spilling across the surface

of the foil Advantageously the pivot plates 46 are sized so that they extend a.

least to the depth of the protrusion and af least twice thus distance upstream



PCT/ AU99/ 00333 until now the hydrofoil sections used wer éxtog)e;skgégd for
flowin one direction. Wien the direction of flowis reve ﬁ rsing
the direction of propeller rotation, the performance with a conventi onal
propel | er WHXIX¥EO®r el y conpromi sed. Wth the inproved hydrREEAVIEsi on
applied to the propeller 5 blades, it is possible to generate simlar
performance with propeller rotation in either direction. Wen applied to
propel l er bl ades, the depth of the prottlusions 102 106 can be used to fine

tune the propell o,that of the [[f the
propel | er ig H’lfﬁ fSQE’PEfég”%\/\kg? ﬁocét‘ﬁieﬁérl%‘ﬁé Eéﬁg ﬁB‘?fPUsWSW th the
| ower side f‘evteH? IP&% BSloshat ﬂllf’ can be progresswely 10 removed until
t he propeII ris edtot opul si on system It is also possible to

arrange the |rrproved hydr of oi | of F>gure 10 in a manner that allows lift to
be generate dlrectl s ~ith two pqssihble ~nfi rections. In the
enbodi ment évﬁestfateS@ﬁ goaageeRerin syRich e A ustaglf: IitIseRIOr ys

mount ed at &E£h t i e 1~ of
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appl i cati on®6Matd s gd by iR ﬁbﬁorr%cieaewwe thakolulde Rjvoh pideede ht ed
sectiofy | 16 gutrg 4an adj ustabl e perturbation 118 on tile base of the section
2as shown m M gure 12 In this enbodi nent the discontrmty near the |eaciin~.
edge is omtted and a dnergn~ section adopted to nminta> a pos~tnme pressure
gradi ent on_baoth sides of the section, thereby preventni; Loth cavitat~ol~
anc vent i | alt B¢ 2ppligation s the presept tivgatonfo # propalieaplaste, theactuabpnof | al I d
t't~e r~ pc t th, =~ of m g~ f
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Each of the embodiments of the hydrotoil device illustrated i Frgures w0 5 1e

best sutted to conditions of steady inrlow  Where fiuctuations n th- mriov



25 range of inflow velocities are anticipated Nunmerous v
nodi fications wll suggest thenselves to nerson~ skill edaar ma?m%%gr 3{382
architectural arts, madd~t~on to those already described, mathout
departing WORYEME bass nvent m- concepts For exanple, m e aRET/AL99/00333

t hcdescri bed enbodi nents the hydrofoil ~cctlofl is of simlar sllap~ ( | oww
c'r, tlo 30 inproved liydrotcnl dmce accordm~ Wtle nvent~on may bu oU
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Recei ved 5 ﬁhmrelmay)@mst 2 Yegioh c(EIJAM/ﬁrdEEEdeMINEB\eT&ﬁ)drMJEMEé ONtHe hpdrdfanr oved

hydr of oi | t he hydrofoil deyice conprising: 5 a first surface and a
second surf z%s suéagecan dﬂe Appositeside t@ltgé RIetiugOnge in: this sityafion.f itrist

surfaces whepeliBle ket efgnag,wggméar?& Byity frily e @g&gﬂd 3R S %%Q{PV ded

Ieadlng edg toatral rusion

adj acent t h@(li)ra;} leiqoglisd giee @fredsinee.deSince tﬁereﬁ?wdtﬁd pi@dusgerabs U idetieedO
di scontinuity on said first surface wherein said protrusion is arranged
with an i ncPeREatiaRgPent gt the leasang edgeqel tha ryftvorunskbleflgmorenditions| ess

than or equ%&q(dl %%YW?@&Q& ﬁfPufpfc% wdttd TN Ak X&ahﬁé SBYSh n&h‘gao%}{{ fiace is

defl ect ed on itse Increase int ssure on

said first suciflaee aaadfre@dxeai mlsdlrfarcetolfmlse bpdmﬂrirbutlmhsamm de@dune to
the lift generated by the hy r of device. 15 2. An inprove hydrof0|l
deyi cel@s dé?glﬁ@@mtheé%errﬁuz acgp %49 %Pdoiswé*pmdléﬁppsesgaw.va@@ aBpnreans

of an adj ”S§QQh8 1 E?E&ﬁ&’{e"&f mﬂéi’x&@r&f'&ﬁl”\ﬁﬁﬂé%{ J?é“"ﬁ'[i ?at??éﬁ\?ﬁ ntaBiiey?c©

form ng sai |nc1u i'n use

noveabl e suichackydfodbil ddﬁgnfdeDMtSﬁlodefdlfe&tloﬁ witpesidar PReivaniE®sh ¢suldont r ol
the degree of 2 O Iift generated by the hydrofoil device. 3. An inproved
hydr of oi | dégfweomsithersideel 2 hydr P%@Slgﬂﬁéﬁ‘éilﬁ ig Hoth dtm@ts@mswghlaﬁéle@t can

be made to %ﬁ%}{ﬂez FAQ) Q"tdﬁéf%geor ?f?n ?\%\/gﬁf {na e s%%{ec?F silth s%hﬂt sggond

surface so as change ener a rofoil

devi cel525 4o eénemcﬂrmm@upldhday@mﬁqhb ifeatite aﬁo;ﬁkeﬁterwﬁcégaﬁm rannr@s&naftmot her
conpri sing rreans for ventilating a separated cavity forned adjacent a
trailing eddeflow conditiens @élntﬁwrraé@rﬁywwemmbérprwéﬁﬂr@@ tho pPeRsW faGe st

and second SR glg%gam 10 5. An inproved hydrofoil device as defined in
claim4, where freans for ventil ati ng conprises a flow path for air
from atrmsphere whereby, in use, air will be drawmn into the cavity by

nat ur al vent| | ati on. AMENDED SHC~ ~PEA/ Al

Figure 8 illustrates a third embodiment olf a hydrofoil device 70 in accordance.”
with the present mnvention. The hydrofoil device 70 of Figure 8 1s similar to that
20 illustrated in Figure 1 except that 1t further comprises a second protrusion 72
provided adjacent to a leading edge 74 of the device The device 70 also has a
first protrusion 76 provided adjacent a trailing edge 78 of the dewvice so as to
produce a surface discontinuity on a first surface 80, similar to that of the
hydrofoil device 10 of Figure 1. The second protrusion 72 produces a surface
25 discontinuity on a second surface 82 of the device. The function of the
discontinuity on the second surface 82 1s to define a separation point 84 that will
remain constant across a wide range of inflow angles As the flow moves over
the second surface 82 of the hydrofoil the discontinuity at or near the ieading
edge 74 will cause the flow to separate The angle 6 at which the Hlow separates
30 can be controlled by selecting the tangent line on the surface ot the prerusior

72 at the discontinuty  With judicial selection of the tangent at this ot the



30t". Oct ober 2002 PCT/ AU99/ 00333 Received 5 April 2000 - &4 i ved
hydrofoil device as defined in claim2, wherein said adj és%t g%ﬁtée?ﬂn%ﬁét?%ept or
is formed by a trailing edge section of the hydrofoil device, said trailing
edge secti IMOBY¥FME7 pi votal |y nounted on a main body of thePEEAUYBIS neans
of 5 one or nore pivot plates. 7. An inproved hydrofoil device as defined
in claim®6, wherein each said pivot plate extends outwards to a nmaxi num
depth of said protrusion and extends upé@rean1at | east twice this distance.

10 8. An inproved, hydrofoil, device as defined in claim7, wherejn each said
b Vot pl at o REIERREDSER) Ok ehned i sotasdnt hednaseeor (i AYREPASsead a

pi vot pin. i rofoil device as defined in claim8, wherein
one of said%fgf%ngP{gzggggugg | ocated at an end of a span of the hydrof oi
device to prevent pressure loss at a tip of the device. 10. An inproved

hydrof oi | device as. defined jn ¢claim2, wherein said adjustable interceptor
% formed byNANATEERH %ef%&tt{*%ﬁhgcwaamwfmfﬂt@at eseganddarodisien 14 an 0 be

noveabl e in j ti iqal Jok; ngi ' j f

' ow of et & SPBEEisQBreRHABHTRIANS] ARIDRERE"E, ' pRfuck® B b ERl boMe

devi ce &8s defeparded flosd ahrthd Gecoshibsiafave$ai Preoferabdy tiae sameraiesolye giadie
plates fixed to mai n body of the device and.adapted fo mnimse 2 5

spi | 1ing of aadaplsc ﬂsegt«]a%i wtﬁé%w&gg@?gﬁ gEPbedalty feREtting thace.
12. An inproy&d (hedgQkaid 9§>‘ék g;‘?\eas?ecgﬁé'%ql?ﬂ 4 BoCsatHBrdb fz‘TéHhE@J nATRAS St NG
a second protrusion provided ad] acent the fea i ng eégeyo the device so as
to produce gpaditfiifyeofdiasitatibn isipteveatedsaitl theadmdksiur bhaie. inermirposé bf use,
a resulting flow separation 3 0 defingp on_sai d second surface reduces

friction andhgshsqonbinuay caths saerndiur{rce 82 StaBNECHREHA ST SEPIFRIIRCIHS s
sal d segond HNH D . ', 30°" Cctober 2002
PCT/AU§§/00 %ﬂéqﬁﬁﬁegelgg%ESHl r||55%55@ﬁéyﬁ¥§£-An i nproved hydr of oi

device as defined in claim12, wherein neans for ventilating the second
surface behind said second protrusion are provided so as to prevent
r eat t achment’der thdhe @dditien@f thewiseeatinuiy win thengecppd siwfaget §2 gre local

cavitation o re§§£r%3%%€m‘?t2$e‘|§¢#5efra§§rfa§e 1y Ak MBEAVE] ng%)sfsﬂte! 1 ?«Vitﬁ?r as

defined in chaim sai d second protrusSion is adjustable between a
first positigfndspheticchHaweeadithg idgeosuf tiac epges coifhéadideyniisuftpromed on
sai d second surface and a second position on mﬁlch a | eadi ng edge surface
di scont i nui tipduge tle Hedore gemerrted dee tQ g Bprer stofage beyg MesHyvERRIEE of oi |
devi ce as defi ' ' ej [ e , L.onai.s forned by
a | eadi f;]Sg ed%tegggcr)ﬁh&%kgﬂ%%%ehy ﬁg)sf !&Q? %gelgf iseR%’ig(\:%r ?)Efrsgf)\bga%ﬁeereggltcggen
said first afitttidecons pesuppensurfdd dal tANstabimpwEdifpr opehesr high ufesd ne
propul sion, the propeller having a plurality of hydrofoil blades, and at

| east one of VelReitiey dhsf spPeippades® deeprinyifg may PREaife sepseRid Ehare ¥8cond
surface | oca |:tg, side of the blade to said first surface,
wherein mate%R?FgﬁgP%V£§R¥ éﬁgfrst and second surfaces froma | eadi ng edge
to a2 o trailing edge of the blade; and,

The principle advantage of this arrangement over conventional hydrofoils 1s that
20 the speed of the flow over the section is no longer constrained by the onset o:
cavitation. Sufficient flow speed past the section should be maintained so as to
ensure separation occurs. Beyond this speed, the presence of air inhibits

cavitahon and stable flow conditions exist.

Fully cavitating hydrofoil sections have been designed for high speed

)
‘N

applications previously In general a relatively high inflow angle and high tlov
speed are required to mamtain a stable vapour cavity over the entire surfacc ¢
the foil Such high inflow angles severely compronuse the efficiency o: th

hydrofoil and the requirement for a hugh mimimum speed hinut appheation



' a protrusion provided adjacent the trailing edge of thgad;a.l 8d6,3P 2882t O
produce a surfacx discontinuity on said first surface and wherern salé
protrusion is arranged with an included angle to the upstreamdirection of
t he bl ade o¥OP¥§M0T han or equal to 90 whereby, in use, as ZCHANHIGEBDW of
wat er over the surface is deflected back on itself, a resulting increase in
the |l ocal pressure on said first surface ahead of said protrusion
contributes substantially to the thrust- Henerated by the propeller. 17. An
i nproved praopeller as defined in claim16, wherein said prqotrusionis 3 0
provi ded by Iﬁb&?fserakmaﬁ S§EPTAEh FREION fRosh 8 discontingly and Hhe pdapssien phgirng a
noveabl e sur, ] I e . Ik 1on of the
bl ade Meregéé%ﬁﬁée&gg},l O%Hgd}‘eé{l]@r‘# qlt %la\%ﬂ%bﬁtlilgi%pﬁ%@gigflgg%r ‘é‘gg‘t“b‘}‘w udes
fromsaid fiangle sbiricidegrcean the floar. Thik teou rbfoubidredufliN i drag ard "
Cct ober 2002 PCT/ AWQ9/00333 ' .. ' Received 5 April 2000 - 24 control the
t hrust generadt iggrense indhe efriencyrof the presentipyentian erespueyvuslysdesignertd in
claim 1%, wherei i able surface is fornmed on a slidable plate which
IS supp rtecfa?’ﬁaglﬂég‘é’%r%pg' oriented in a main 5 body of the blade so that
actuation froma hub of the propeller of said slidable plate is orthogonal
to the direction of the blade novenent. 19. An inproved propeller as
defined in dileweves, theuprasent dmvgntiosy ﬁ@yaab@cbmp@m@drt@sﬁ&sﬂrqf%vsea@qns

adj acent thedleadi n{% e%dge of.tt he bl agi?. sQ as to produce a surface |0

di scont i nui t§FSBACEaI04 THEY SRYRTPE 528N eby, in use, a resulting flow
separation defined on said second surface reduces friction and contri butes
substantially to stable flow conditions across said second surface. 20. An
i mproved proPe berefits ofl eflpadiagi edgs diseartmuipheagiatsombaappkiest tabydefeilat i ng
the second surface behind said,second protrusi op. are,provided.so.as to
prevent  reardiaiientor i i SPGEFERNS 18R Pl for LA LER R § o
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10%4& () - 6 JRPa%idnk -4 L0t Of obdillddis inkiRNéw. The arrangement of the leading
edge discontinuity ensures that the air supply is maintained adjacent the leading

edge at all times. This arrangement is particularly suited for controlled surfaces

5 such as rudders.

In adopting such an arrangement care should be exercised so as to not induce
a pocket of cavitation near the leading edge of the section during the neutral
stage between generating lift in one direction and the other. A circumstance may
arise in high velocity applications, where the air source contained in the base
10 vented cavity cannot reach the leading edge due to a region of attached flow
and a pocket of cavitation may exist ahead of the attached flow region. This
circumstance may be overcome, albeit at a lesser efficiency, by continually
maintaining a discontinutty on both sides of the foil near the leading edge anc
hence a ventilated cavity on both sides of the foil. If a significant aft disturbance
15 depth 1s provided on the lower side of the foll, the region of high pressure

resulting will suppress the ventilation and lift will result.

In applying the present invention to a propeller significant gains may be-
achieved over conventional propellers For a conventional ship’s propeller the
local blade velocities are limited so as not to cavitate the fluid. Considering the
20 finite thickness limit for blade strength, the practical limit for a non-cavitating

blade is typically in the region 25- 35 metres per second

The local blade veloaity comprises a component due to inflow into the propeller
disk area and a velocity component due to propeller rotation. As the inflow
velocity to the propeller disk increases, the velocity component due to propelle-
25 rotation must be reduced to maimntain cavitation free flow over the blade T
prevent cavitation it therefore becomes necessary to increase the pitch of the
blade to effectively reduce the mtiow angle In domng so the Lft of the fo:
contributes progiessively less to the thrust of the vessel and more to the torqu

of the propeller, resulting in dimunisming efficiency
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relatively thin section and its alignment closer to the rotation of the propeller
5 reduce torque and/or provide greater efficiency. Furthermore the higher
rotational speed reduces the torque requirement for the design of the mechanical

components and shafting to transmit a set amount of power. Shock loading as

a result of intermittent cavitation is also avoided.

The higher rotation speed of the propeller also serves to reduce the induced
10 drag. Induced drag is the component of drag resulting from the formation of lift.
Further reduction in induced drag can be achieved by effectively increasing the
aspect ratio of the propeller blade geometrically or by use of endplates or wing

tips

The higher rotational speed allows a higher momentum exchange to occur with
15 the passing fluid and hence a higher disk loading; or a smaller propeller to be
utilised for the same power. This is particularly beneficial where high power 1s

to be transmitted or restricted propeller disk space 15 available. .

By making the height of the disturbance adjustable the benefits of a controlled
pitch propeller can be achieved with less structural limitations than full blade
20 incidence control, as a significant portion of the blade can be rigidly attached to
the hub. The hub would need to be vented to provide the necessary air source
for the effective operation of the invention An added advantage is that this
arrangement allows the use of relatively stronger blade section shapes to be
adopted than can be used for fully wetted conventional blades. This s due tc
25 the non-critical shape, both inside the cavity and aft of the lower perturbation
Furthermore the surface finish required using this arrangement 1s less critical te
performance than for conventional propeliers operaung close to the ¢ itaton

limit
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the upper surface minimises the sensitivity of the section lift to changes in
inflow angle and influences of the free surface. This phenomenon makes the
5 section particularly useful for application on lifting hydrofoils operating near the
free surface or propellers where the pressure face of a propeller blade operates

in close proximity to the ventilated cavity of the preceding blade.

For a conventional hydrofoil where lift is generated primarily from a reduction
in pressure over the upper surface of the foil there exists a danger in the
10 hydrofoil drawing air from the free surface into the low pressure region
resulting 1n loss of lift. As the upper surface of the improved hydrofoil is
already ventilated there is no danger of unwanted lift loss. In fact the device can

operate effectivelv in generating upward lift with the entire upper surrace above

the water (planing condition).

15 For a conventional hydrofoil the reduction in pressure over the upper surface
is most significant near the leading edge of the section. Small changes in inflow
angle resulting from the orbital velocities of waves can result in changes -~
inflow angle to the foil and may generate large unwanted force variations. The

improved hydrofoil minimises this influence by biasing the hift centre aft away

20 from the leading edge.

Figure 10 illustrates a fifth embodiment of the improved hydrofoil device In.
this embodiment, the shape of the hvdrofoil section 1s made similar at both the
leading and trailing edges to enable the same hydrofoil to generate lift upwards
and downwards depending on the direction of the inflow As shown in the
25 hydrofoil device 100 of Figure 10, if the first protrusion 102 on the first surface
104 15 made the same shape as the second protrusion 106 on the second surfac:
108, the hydrofoil can be used to generate downward hitt if the directior of flov
s reversed as allustrated o Figures 10(b) and 10(¢) respectivel The

atrangement s ot particular signihicance i the apphcatmn to propcllur,\ w her
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propeller rotation, the performance with a conventional propeller was severely
compromised. With the improved hydrofoil section applied to the propeller
5 blades, it is possible to generate similar performance with propeller rotation in
either direction. When applied to propeller blades, the depth of the protrusions
102, 106 can be used to fine tune the propeller loading to that of the propulsion
system. If the propeller is manufactured with a generous height of the
protrusion on the lower side of the blades, material can be progressively

10 removed until the propeller is matched to the propulsion system.

It is also possible to arrange the improved hydrofoil of Figure 10 in a manner
that allows lift to be generated in two directions with two possible inflow
directions. In the embodiment of Figure 11, the two edge sections 110,112 are
pivotally mounted at each end of a main body 114 of the hydrofoil section Each
15 of the edge sections 110,112 can be hased to be proud of either the upper or
lower surface. Furthermore, the lift generated in either direction can be
controlled by varying the height of the protrusion. As with the two-way hifting
hydrofoil described in Figure 9, care should be exercised to ensure that air”
supply is available to both leading edge discontinuities The tangent point of the
20 surface at the leading edge discontinuity should also be defined to ensure that
the cavity encapsulates the moveable portion of the hydrofoil at what is now the

rear portion of the foil

An associated application of the present invention relates to the use of a base
vented section 116 with an adjustable perturbation 118 on the base of the section
25 as shown n Figure 12 In this embodiment the discontinuity near the leaaing
edge 15 omitted and a diverging section adopted to maintain a positive pressure
gradient on both sides of the section, therebv preventing both cavitation anc
ventilahon An air source 1 provided at the rear ot the sechon and the rear
perturbation 118 1s used to vary both the side of the section on which i

3¢ generated and the magnitude of the hitt
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\<ANLZL A N \shﬁgoét lift generating surfaces. Furthermore the large base vented cavity would
serve to provide an adequate air supply path to sub-surface elements. An
example of such an application is a surface piercing strut for a submerged
vented hydrofoil section with the strut combining the function of a rudder, air
supply path and structural support. A similar arrangement may be employed

10 in the application of Z drive propulsion where the invention 1s employed for

propeller blades

Now that several embodiments of the improved hydrofoil device according to
the present invention have been described 1n detail, it will be apparent that 1t
15 has significant advantages over conventional hydrofoils. In particular, by
shifting the emphasis of force generation from the low pressure side to the high
pressure side of the hydrofoil, the present invention 1s able to overcome many
of the limitations of conventional non-cavitating and fully cavitating hydrofoils
The improved hydrofoil device of the invention may be used for the generation-’
20 of dynamic force, be it for dynamic support, propulsion, direction control, or
indeed any application where conventional or cavitating hydrofoil sections are
employed. This would include pumps, water turbines, rudders, control fins and
thrusters operating in any fluid medium. The device is particularly suited to
those applications where cavitation may otherwise limit performance and a

25 range of inflow velocities are anticipated

Numerous vanations and modifications will suggest themselves to persons
skilled in the naval architectural arts, i addition to those already described,
without departing from the basis inventive concepts  For example, in each of the
described embodiments the hydrofoil section 15 of similar shape  However, th:
30 improved hydrofoil device according to the ivention may be ot any ~uitable

shape depending on the patticular apphcation Al such variations ane
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10

15

20

25

30

a first surface and a second surface located on an opposite side of the device to said first
surface, wherein water flows over the first and second surfaces from a leading edge to a

trailing edge of the device; and,

a protrusion provided adjacent the trailing edge of the device so as to produce a surface
discontinuity on said first surface wherein said protrusion is arranged with an included
angle to the upstream direction of the hydrofoil of less than or equal to 90° whereby, in
use, the flow of water over the surface is deflected back on itself, a resulting increase in
the local pressure on said first surface ahead of said protrusion contributes substantially to
the lift generated by the hydrofoil device.

2. An improved hydrofoil device as defined in claim 1, wherein said
protrusion is provided by means of an adjustable interceptor, said interceptor having a
moveable surface forming said included angle whereby, in use, the extent to which said
moveable surface protrudes from said first surface can be varied to control the degree of

lift generated by the hydrofoil device.

3. An improved hydrofoil device as defined in claim 2, wherein said
moveable surface can be made to protrude from either one of said first surface or said

second surface so as to change the direction of lift generated by the hydrofoil device.

4, An improved hydrofoil device as defined in claim 3, further comprising
means for ventilating a separated cavity formed adjacent a trailing edge of the device

bounded by the water flowing over said first and second surfaces.

S. An improved hydrofoil device as defined in claim 4, wherein said means
for ventilating comprises a flow path for air from atmosphere whereby, in use, air will be

drawn into the cavity by natural ventilation.
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109%& () - 5 1Qfi#tdble fbdtdptdy i§ Yormed 1) Brhiling edge section of the hydrofoil device, said
trailing edge section being pivotally mounted on a main body of the device by means of

5  one or more pivot plates.

7. An improved hydrofoil device as defined in claim 6, wherein each said
pivot plate extends outwards to a maximum depth of said protrusion and extends upstream
at least twice this distance.

10
8. An improved hydrofoil device as defined in claim 7, wherein each said

pivot plate is pivotally coupled to the interior of said main body by a pivot pin.

9. An improved hydrofoil device as defined in claim 8, wherein one of said
15  pivot plates is located at an end of a span of the hydrofoil device to prevent pressure loss at

a tip of the device.

10. An improved hydrofoil device as defined in claim 2, wherein said
adjustable interceptor is formed by a moveable section slidably mounted in guides so as to
20 be moveable in a direction substantially perpendicular to the direction of flow of water

around said hydrofoil device.

11. An improved hydrofoil device as defined in claim 10, wherein said guides
are formed by guide plates fixed to a main body of the device and adapted to minimise

25  spilling of the localised high pressure region across said first surface.

12. An improved hydrofoil device as defined in claim 1, further comprising a
second protrusion provided adjacent the leading edge of the device so as to produce a
surface discontinuity on said second surface whereby, in use, a resulting flow separation
30 defined on said second surface reduces friction and contributes substantially to stable flow

conditions across said second surface.
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5
14. An improved hydrofoil device as defined in claim 13, wherein said second
protrusion is adjustable between a first position in which a leading edge surface
discontinuity is formed on said second surface and a second position on which a leading
edge surface discontinuity is formed on said first surface.
10
15. An improved hydrofoil device as defined in claim 14, wherein said second
protrusion is formed by a leading edge portion of the hydrofoil device which is moveable

between said first and second positions.

15 16. An improved propeller for marine propulsion, the propeller having a

plurality of hydrofoil blades, and at least one of the hydrofoil blades comprising:

a first surface and a second surface located on an opposite side of the blade to said first
surface, wherein water flows over the first and second surfaces from a leading edge to a
20 trailing edge of the blade; and,

a protrusion provided adjacent the trailing edge of the blade so as to produce a surface
discontinuity on said first surface and wherein said protrusion is arranged with an included
angle to the upstream direction of the blade of less than or equal to 90° whereby, in use, as

25 the flow of water over the surface is deflected back on itself, a resulting increase in the
local pressure on said first surface ahead of said protrusion contributes substantially to the
thrust generated by the propeller.

17. An improved propeller as defined in claim 16, wherein said protrusion is
30 provided by means of an adjustable interceptor, said interceptor having a moveable surface
forming an included angle to the upstream direction of the blade whereby, in use, the

extent to which said moveable surface protrudes from said first surface can be varied to
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20. An improved propeller as defined in claim 19, wherein means for
15 ventilating the second surface behind said second protrusion are provided so as to prevent
reattachment of the separated flow and inhibit the possibility of cavitation on said second
surface.
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