WD 01/ 87682 PCT/ AU01/ 00564 1 Wng In Gound Effect Vehicle Wth Endpl ates
Field of the Invention The present invention relates to Wng In G ound

Ef fect Vahhol/emssyf WGs) and nore particularly to WG w t hCeAdpl/aises t hat
operate over water. 5 Background of the Invention A significant part of the
drag of transport aircraft is made up of'induced drag. Flying in ground
effect close to the [ouridoérIi vvagtﬁqe/r gan reduce this drag. Nunerous WGs
have been devel oped VM HMIdINdakound &ffect Mehicke With: plates been proposed
but never built. These are 10 summarised in two reports, "Air Cushion

Craft Devel opnment (First Revisi OE%% gl?hrN?RDCtRe'gort 80/ 012 (4727 revised)
January 1980) by Peter J. Nantl e hdofthefayention e, roq to as the Mantle

Report), and "W mys hirgschimnesitionareiatey to( WEvaNe elolRRSEEE GV clifEled ERSsARRNCY,
9/ 30/94) (hereinafter referred to as the ARPA Report). Because the ‘hei ght
of |and vamaEepgbcRadh to WIis widyardplates that ppeapiepveveptenat er. 15 Al |
existing WGs fly entirely above the water at the height, of the highest
wave expected to be encounte i .safety. This is because
of the ge)xtremsly hi gh wave .ﬁpﬁgﬁgkﬁ?@é’wﬂg@%hﬁ be incurred at cruise
speed. The ARPA Repgnificemnmituafeitie tdiveg of ttaxsspgniaigrafiaisi madet upiof indacahdrag.

m ssion | oads to tol erate | npac ith | arge waves i s, probabl

ior acti cabPane 5o et MBaole e BeuabAE iR SR ireucB B, odc dpresras
increases MG & Bembdevedped Bt @skvitam (PAR) 1ift decreases with the height
of the endpl ates above the water. PAR directs the jet from engi nes | ocated

forward of the wSaweraintiege W& designst baysr beandpropastdebut| ndver duils| dibese speeds.
Because of this_.ther.e s an _advanta for W ndpl at es to ...penetrat et he
wavos 96"t AR R Wi “DpR R MRS sflon (G R uhSRerty RO RELRIBY (e
25 endpl at eDANSRDE Repdre 80/0TH €47 s bised) Jafiiey 1080) Yyalet&Of. MakRNhaduantage
of the above as_ it has_been assuned to be inpossible to design wave

pi er ci ng efefpired & af rihe M\?é’@?cR‘{Hoﬁ):h%Wje“ngsbgpméﬂ@ﬁtim’é@dw% Reegaeeh and

ii) b t . i i eed. As a
§Ie|sLI t,e fhgpéﬁﬁg%ggﬁeg?@%é?ggﬁ%aﬁEa%@ges%lﬁqﬁﬁéggg%%%ﬂogtﬁeiger hul | shapes
30 simlar to hi Becapeds hedgltnd lasit waris 30 nuchdtis mirmahiocfly Wi suster séagps t o

reduce water, frjcty n take-qQff. Because these desjgns_are still
relativel yitlh?wnxgh\é@aaﬁﬁ eaicRcdiove i Brie: M@%ﬁ?%ta%ftt{i%l@gs}%emmﬂ se
speed as WR) be @fcdtin@ledpRf a &agﬁle&%@étw%mwg%ca@e%ghgé g\y}?t&éi'ﬁe%}é gt gagd to

be no Iower than the | owest part of the fusel age of
impact forces that would be incurred at cruise speed. The ARPA Report concluded that

designing basic structure and mission loads to tolerate impact with large waves is
probably impracticable.

20 The ARPA Report also concludes that the induced drag increases and the Power
Augmented Ram (PAR) lift decreases with the height of the endplates above the water.
PAR directs the jet from engines located forward of the wing under the wing to provide
added lift at slower speeds. Because of this there is an advantage for WIG endplates to
penetrate the waves so that there is no gap at the wave trough between the bottom of the

25 endplate and the water. The existing prior art has not taken advantage of the above as it
has been assumed to be impossible to design wave piercing endplates that would (i) have
a low enough drag in the water and (ii) be stable at expected angles of yaw at design
cruise speed.

As a result, the endplates of existing WIGs usually resemble slender hull shapes

30  similar to high speed racing catamarans, some of which include steps to reduce water
friction on take-off. Because these designs are still relatively thick they would incur
severe wave impact pressures at cruise speed as well as high drag. Consequently, these

endplates are designed to be no lower than the lowest part of the fuselage of the WIG. As



WO 01/87682 PCT/ AU0O1/ 00564 2 a result there is always an air gap greater
than the wave hei ght between the wing tip or endplate and the trough of
each wavewOoMhe®msr estricts their ability to reduce the i ndBeCEAUOUOBEGH

Typical lift/drag ratios of Russian crafi are around 18:1 and the ARPA
Report study was unable to significantly inprove on this figure even for a

very | arge t 5, 5 tanpnes ftrer Kin ha reguired to
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hi ghest | ed&R- divpicat Hiidsag rahias o Rysyian grafi ase arquad 181 andithanBERaReportisindy i s
descri bed itg & -Renar t L ¥ DI 0,

"ekr anopl af#és E]gn lfggrstéé??%%ﬁﬁg 1Jé?roo ioendﬁllsnﬁglﬁgaéﬁa%s{f?r a% %gl %/ag%?o‘%?ﬁggpsl’% 0ed in
Fi gur ess 1( sonneo (afec making ¢Hangesyeqaredatotackib® theulohgdramgengt be shelstadyd. | Acat ed

on either _sid t he, fusel 2, These engines 1 are.used for underw ng
bl ow ng. PR LtRies Bos S THEE (R UoNe A e byl t aeateotadiia Wahd ng
t hereby requeisave ak@srdkén fmelctilidéddg speeds. The turbo prop engine 4
provi des efficient thrust for cruise. The 15 horizontal stabiliser 5

control s the pitdhe g Greendiguratian iyed has rskehed thshighest level ofstethmival suturity is
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are desi gné@dlqgoswe%e Do tigo WRERR PREIGF o Be oS e rh Ao T £guise j Sheti |
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endpl ates help this planing action. Tﬁ es 13 ‘are ohtoured to reduce
air drag. pPostith)Sankistywersetb tediceriei! ipmpdglraesssreson banding. rThieARIMEGs Fduép

experinments disclosed at page 411 qof the .Mantle t... These endplat es
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to reduce the induced drag is therefore limited.

Figures 2(a) and 2(b) illustrates the side and plan views of the thick prior art
endplates 7 of the Orlyonok WIG. On take-off and landing these endplates 7 are designed
to plane on the water surface 9 while the fuselage 2 is still supported by the water 9.

25 Steps 12 in the bottom surface of the endplates help this planing action. The sides 13 are
contoured to reduce air drag.

The U.S. Navy used thinner endplates with their PAR WIG model experiments
disclosed at page 411 of the Mantle Report. These endplates were designed to pierce the
waves but were unstable at cruise speed with a moderate angle of yaw. Even if these

30  endplates did not fail, their relatively thick leading edge and forebody would make the
drag of these endplates intolerably high when piercing waves at high speed.

In a report entitled “Force and Spray Characteristics of Wing Endplates
Penetrating the Water Surface” (General Dynamics/Convair Report GD/C-64-100, April
1964) by W H Barkley (hereinafter referred to as the Barkley Report), four thin endplates
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si de confw@ur/ste8Bons are di scl osed. Mddel s of these confi Baravduoseaer e
tested in atowing tank and lift, drag agd side forces were neasured. Wen
t hese endpl ate designs are scaled up to full-scale sizes, the drag forces

on the Bark i I ohi PtV i PP bo of. t.hr ee of
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oper at e above
need to be quite thick to resist the side force resulting in a high drag.

The endplate model No. 4 tested in the Barkley Report had the following
dimensions: thickness- 17 (25 mm), working depth- 4” (100 mm), chord
length-2’ (610 mm). Scaled up to a depth of 144” (3.7 m) the dimensions would be:

25 thickness- 36” (914 mm), depth- 144” (3.7 m) and chord length- 72° (22 m). The strength
of such an endplate would likely. be sufficient but the large thickness would provide
excessive drag.

In papers by J.W. Moore, including “Conceptual Design Study of Power
Augmented Ram Wing-In-Ground Effect Aircraft” (ATAA Paper 78-1466, Los Angeles,

30  California, August, 1978) (herein after referred to as the Moore Report), endplates as
depicted in Figures 5(a) to 5(c) and based on model No. 4 of the Barkley Report were
proposed. Because of their high drag, these endplates 57 were designed to operate above
the water most of the time except for impact with every 1/1000 wave crest to a depth of

0.63’ (192 mm) and 1.4’ (427 mm) for sea states 3 and 4 respectively. The drag force of
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as i/b - from bott om edge of the wing at the
1/ 4 chord 5@} %‘Eterf%w?ﬁ@d@?&{{t‘%ﬁﬁa ltXﬁém@ﬁffﬁsgﬂé(aeﬁ = di stance between from

the bottom edge ff tvBermRe rdlorfsheol/ ﬂlecmﬁlﬁuﬂ?'lﬂauéeﬁ Dﬁ% gf @f%c?'ﬂ%ﬁe%? b =

span of w ng). ThIS is confirmed by the tollow ng extrapdl ation
resul ts fodvidgs,’ (TR derarutical Lvdrtedy, dloyahéetomakméﬁoﬁeWQLbndqnepH@dmgdt her e

55, 1201 e Bomi e TR, b oBRSL I S Mo G LI
and the grpuRretigafon of €Single hME TinBém aNGwA Pebi-Ratio AVHgIENSIRBGd t@@éct’OJt
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(Lockheed California, March 1964) (hereinafter referred to as the Lockheed Report), it
20 was shown that the addition of vertical plates at each end of the wing can be used to
reduce or eliminate the induced drag.

Ashill concludes that the induced drag —> 0 as //b — /b (where [ = distance from
the bottom edge of the wing at the % chord point to the bottom of the endplate, 2 =
distance between from the bottom edge of the wing at the % chord point to the ground and

25 b=span of wing). This is confirmed by the following extrapolation of the results found
in Figures 17 and 18 of the Lockheed Report, reproduced here as Tables 1 and 2 wherein:

C; = lift coefficient, L/D = lift/drag ratio, AR = aspect ratio of the wing, & =
distance between bottom of the endplate and the ground; S = area of the wing and O.G.E.

= 2-dimensional test Out Of Ground Effect.
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Table 2: Contoured Endplates, AR = 4, Endplate depth = 0.015 chord

These figures show that, for small values of //+/S, the induced drag/ (h/ \/3'5 ~

constant. Thus the Induced Drag approaches zero as 4 approaches zero.

The application of this concept can effectively raise the elevation of the basic

structure so as to avoid its impact with waves. Thus if endplates could be designed with

adequate structural strength and low enough drag to operate immersed in the water, a

WIG with attractive performance could be achieved.

Object of the Invention

It is an object of the invention to provide an improved wing in ground effect

vehicle with endplates capable or operating immersed in water.

Summary of the Invention

In a broad form the present invention provides a wing in ground effect vehicle

having a fuselage and wing structure with opposing wing tip portions and a pair of
supercavitating endplates each extending downwardly from a respective said wing tip
portion to below said fuselage and wing structure for immersion in water during flight
thereover, each said endplate having:

a proximal root,

a distal tip,

a forward portion including a nose defining a leading edge and adapted to

generate a supercavity between each lateral side of said endplate and water passing over
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desi gn cwosesmpred with said endplate inmmersed in water PCDAROOES6HN

i mer sion depth, and an aft portion terngnati ng in a trailing edge, wherein
at least part of said forward portion of "each said endplate is laterally 5

fixed with_[ t e Y J i tip. portio d id

trai 1ing odud noase i bSel FARG S Eunol oarbl R s o irtpiace
respect toimherseédsipeatdr vwea desigh mgsioh dep@y 4ridon, by water flow ng over
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said forward porty - Of i ] i t - t
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means for &sed vethyrespanto thd femgpctivd setid oving tipsmirdore anthbad eailmlgadie tdfesach
respective said.pivat.axes. Jn an alternate for sai d forward portion of
each said éﬂgﬁfl atej18 lafgrglly displac Qfedmtéfr‘?s?ﬁﬁtrtpit frespectiug prid aipe &ﬂaaﬁ%ﬁne is
pivotally B?%t{&ch@gg?bv@ Ridvédplaieiii gt ending in a 15 span-w se direction
of said endplate. Preferably, said pivot axis of each said endplate is

| ocated forward 8feferably, hyddirseiendnlate i pivatably mopnted shew wopiveteaxds extapliog e at

said desig r ui . e it aj dpl a i rsed in.water.to sai

desi gn 1 mogh ERTSARE ARGt & 8B SraBREER o i B QR ShidSad @ o

i s | ocat edbting Satetatly fkedat faidpisot &ds.t he chord length of said endplate aft
of said | eading edge at a span-w se position mdway between said end[l)l ate
root and tip. |nTARoVIErinagioanchstiects vehisle gaav fwrdhencpomppiss maegns der eetévelsai d
endpl ate i ' : i g i j: teis laterally
Prori bl e L Roidtfifte Rfihor® ‘?Posgltdﬁééthlg‘%%té‘E‘?‘?\t}g reg‘g‘i%ﬂﬁgdrla%ﬁﬁg%%?‘ti on. 25
Preferably, sai dlmft apeantiedornafsaidaotwadipdritondyf catle sad endpdste iofivar shddaid he
hydr odynam ¢ centre_of pressu of said endplate at said design cruise
speed Wi t h@EAOFOLREFIR I ARSI PIROGAY SRcuinipdsahout 84Oy XIS FrRngign G pt h.
Preferabl yghdaliledidech® &f Q1N Qlipach said endplate has a chord length of at
| east O. 75pti mes the chord length of said endplate at a span-w se position
m dway between s&refe3blyersdipl atvet mgist ofamatht szd dndphtetih decatedofordwalr of tthe

present | nﬁ}efgrtold%g]a L EhEEDE %re‘:%tﬁg of '%aid oh ijatee ];tf sea(fc]i design cruise speed with said

endplate immersed in water to said design immersion depth.

Preferably, said pivot axis of each said endplate is located less than 0.25 times

20 the chord length of said endplate aft of said leading edge at a span-wise position midway
between said endplate root and tip.

In another alternate form, said forward portion of each said endplate is fixed and
said aft portion of each said endplate is laterally flexible and is mounted to the respective
said forward portion.

25 Preferably, said aft portion of each said endplate extends forward of the
hydrodynamic centre of pressure of said endplate at said design cruise speed with said
endplate immersed in water to said design immersion depth.

Preferably, said aft portion of each said endplate has a chord length of at least
0.75 times the chord length of said endplate at a span-wise position midway between said

30  endplate root and tip. |

In another broad form the present invention provides a wing in ground effect
vehicle having a fuselage and wing structure with opposing wing tip portions and a pair of

supercavitating endplates each extending downwardly from a respective said wing tip



vehi cl e having a fusel age and wi ng structure with opposing wing tip
portions and a pair of supercavitating endpl ates each extendi ng downwardly
froma revpevsicsr said wing tip WO 01/87682 PCT/ AUO1/ O056ECT/AUpuetS6ONn t o
bel ow said fusel age and wing structure for inmrersion in water during flight
t hereover, each said endplate having: a proximal root, a distal tip, 5 a

generat e arouie, Do 1Y Bl SedaR gl Bfbre el 30 AN R fi e o1

passi ng ovérreaai,dacnshd endplate hawisge, at a zero yaw condition at a design
crui se speed with sai.d endplate imrersed in water to a design i nmrersion
depth, an aft poftrGH™el’nating in a trailing edge, and 10 a protrusion
on each opposi ngasﬂmﬁ@f, said front portion, at a | ower region thereof and
aft of said nose, for éngagi ng water passing outside of said supercavity,
on the supstreangsfodwangf pesdipy 1acludinat @ nakre dezing 2 hadgingt edgesandawéaptod td

respect to i.d wat er ssi.ng_over .sai ndpl at.e or on both sides of
sai d endpl géler. &t 8%08‘%2}6 ?%ee}cé laﬁef#réﬁg SBIélf(Sﬁ @ aqn(‘j1 eSS BSIEAEFSI on
depth, eackai@@hdplafeQid il 8ia £otb §BE dd@ditIdnat &RREIgH eriMeSHesld (ﬁtﬁtshﬂﬂerﬁl?f’ate
having a forward face configured to create a stabilising nonment upo

engagi ng sHPBrerRad d Watesfoa fesigyimmeqssion dppthi ng a | ength in said span-wise

direction at leaﬁﬁaﬁ%ﬁﬂ?&nt& iﬁ?tirn%ig%s&aglﬂl\geérﬁglgra%idon depth of said endpl ate.

In yet another broad formthe préesent 1n on provides a wing in ground

ef f ect 10 vehi cl e havétngicn o eagh sppasirtoside o sahl RENPSItve, W algwet ool theRBs and
a pair of é{gagu%erc Vi tatjﬁﬂrgg endpl ates each extending downwardly from a
respect i ve®&Qi AYL 395X (REREIRY VFEPORASSRE dOUiRide [0A Gaidasipergantly s o ke ur e

for 1mmer Sipiaih Wak O s dliflald BBH sqili RABERESS oGR8 NPl dnal b i, hayT no:
a proximal root, a distal tip, 25 a?orwa p0|yt|on I'nel G ng a nose
def i ni ng apéssigi ongr esdigecraiptitaaaijorech both gdeseriatasd andplgie vdewishid astpiaens each

| at eral side of id endp] ate and wat er SSi .Qver said endplate, in
use, at a WSrsﬁi e%%ﬁldqaﬁ ‘g‘ﬁlg&_tm’éneﬁ%g? &ﬁ&g’r ?ﬁcggalgﬁé%tﬂlswnt ‘?’i‘t?’g?ftg Britihast e
i mer sed i wigedifdctibR aAd 48HhgR bRl $1ce o8RRI tP&daed iR FoBnt upon
termnating in a trailing edge, 30 wherein, over the | owernost 1200 of

sai d nose, erEfigingnwsbWhlss said laver iggion havidigtn laegth dn esdd epantWise dDec@iB atilemss
sai d chord.} engs f; @Rek AN ANELAE RS8R Lia TBasHLEd I a

In yet another broad form the present invention provides a wing in ground effect

vehicle having a wing structure with opposing wing tip portions and a pair of

20  supercavitating endplates each extending downwardly from a respective said wing tip
portion to below said fuselage and wing structure for immersion in water during flight
thereover, each said endplate having:

a proximal root,
a distal tip,

25 a forward portion including a nose defining a leading edge and adapted to
generate a supercavity between each lateral side of said endplate and water passing over
said endplate, in use, at a zero yaw condition at a design cruise speed with said endplate
immersed in water to a design immersion depth, and

an aft portion terminating in a trailing edge,

30 wherein, over the lowermost 1200 mm of said nose, said nose has an average
width not greater than 0.006 times said chord length and an average depth, measured in a
chordwise direction, of not greater than 0.83 times said nose average width.

The nose of each said endplate may be in the general form of a triangular prism

extending in a spanwise direction.



chordw se direction, of not greater than 0.83 tines said nose average

w dth. The nose of each said endplate may be in the general formof a
triangul avopr/dmm extending in a spanwi se direction. WO ORCBAGBR00564

PCT/ AUO / 00564 8 Preferably, said forvva;d portion of each said endpl ate
tapers towards said nose. In the preferred enbodi ment, said nose of each

said endplate is ‘ﬁpl% I; . i i I ant, al I y

per pendi cul ar toPt% Bﬁg&%&lﬁr&{d T 60 pg?#c}ésgld eﬂ%ﬁ%tgé%%?stt%waﬁ fuél

wi dth of said noilet}wfprebcrlad smbddlﬁwdplsaidmosabf sdchesidtdneplatd ik @%S‘D@tlaﬁy ﬂat

equati on: 1~ 10.8 V2 8.8V2 wherein h = nose w. dth,

accel erati gﬂé— lgsin aopla?eamb?tﬁntIQHYQCH@élfitfﬁ?aF Fﬁ"r%‘?@?fﬁ"”’éee BEeetion of said eé@ldb‘leat e,
= chord I engt hpesfe@BEPkRL §idil of s¥8MosS B 85H S §

sal d supercavity hag a%)engtlh gsg tha)n 5t rresms Ecg’%ﬁsgﬁ egﬁlgét)ﬁdloﬁﬁgt

substanti ar:qbyat@m span-w se | ocations within 50% of said design inmersion

depth from said endplate tip. Preferably, over the | owernost 1200 mm of

sai d nose, said nose has an aver wi dt h reater than 0.006 tines
said chord I ength and an average® t@,h n a chordw se direction,
of not greater than 0.83 tinmes S8V nose av idth. is Each said

endpl ate may be provided with a protrusion on each opposi ng side of said

front portion, at .a l.o t her eo nd aft of said nose, for engaging
water passing oUftEreR g n‘%sﬁq’tﬁ‘gﬁhﬁer eeﬁ?iecr@h YeHe gipdby Shmdetign imgrersion d

endpl at e whgpheRisshd eﬁ&'ﬁl@ﬂeaIL & ch8rdRM&H ofMehdblLiESPeSehic &Rigd s der passi ng

over said endplate, each said protrusion extending In a span-Ww se
di rection and ha\megrahM erohvaseid Sﬂacreanmﬁasgldc@hﬂews ﬂﬁm(Srfaacsesaad et ildrigti ng

Cpan-vi'te. B FURRRURR, B oGt raPOhe Bk 8P S Bofraipieto fiody 0

endpl ate. sdaehdsiatedippr ot rusi on may be in the formof a flap neans
configurable between a retracted position within said endplate and an

extended posi t i oRTgpigbl VR gholboysnaosai’90 rendplsaidaiose saidhiensg ibag as averagmt er
passi 19 oULSile Pl SN B LEEAR LIl o PRED S DLl YS! A 1

fixed. Pre ch of 'sa USI ONS ohas & conc
f aci ng sai dhorldezaecél chgacedgef n&egréataa:hah @88 pibhas eaﬂmssdaﬁ/emge\mdmd wth a
retr act abI e | eadi Hingh gaqg ngpﬁa\{tle (fr?ayobe provided with a protrusion on each opposing side of
said front portion, at a lower region thereof and aft of said nose, for engaging water
passing outside of said supercavity on the upstream side of said endplate when said
endplate is yawed with respect to said water passing over said endplate, each said
protrusion extending in a span-wise direction and having a forward face configured to
20  create a stabilising moment upon engaging said water, said lower region having a length
in said span-wise direction at least equal to said design immersion depth of said endplate.
Each said protrusion may be in the form of a flap means configurable between a
retracted position within said endplate and an extended position protruding beyond said
endplate for engaging said water passing outside of said cavity.
25 Alternatively, each said protrusion is fixed.
Preferably, each of said protrusions has a concave front surface facing said
leading edge.
Each said endplate may be provided with a retractable leading edge device of
greater width than said nose, said leading edge device being extendable along and over

30  said leading edge.



greater width than said nose, said | eading edge device bei ng extendabl e
al ong and over 30 said |eading edge. WO 01/87682 PCT/ AUO1/ 00564 9

Pr ef er ablwoQ orssgics2 | eadi ng edge devi ce of each said endpl at BCTYAS0H00564
substantially flat front surface lying jn a plane substantially

per pendi cul ar to said chord-w se direction of said endplate. Preferably,

each said endpl a i u I t i H.vehj cl e
o said tip. Prof SraBpht SAERAERAES AbAA A Wi SEIRE NS o MTnuaLY Fib
sai d root fronsairfhctilying ilPnefarcadnbstantdlycherpenidicubg teggé chbrdearish dmtiton of
endpl ate is .aggﬁged. Each sai d endplate may be provided with a plurality of
wedge- shapétt @fs secured to a | ower region of said aft portion

thereof, said | opeferkBg! %chf‘@éih%dﬁla't@'i@%&v%«? im?v%gﬁb allﬁgazﬁe ‘@ggﬁ%%grs%?éi on

at least equal to a design inmmersion depth sal d endpl ate. i stal
tip of eachehigiedt smdpbate may be |ower at said trailing edge than at said

| eadi ng edge whe i ewed in a.chord- e di,rection. Each .gaid endpl.ate
forward portion Eﬁ%fer ﬁgfp?% isﬁlg(?n&ﬁﬂf‘?f 15%188%“'9 1%15?@%%&%@&1%9% to Sﬂgé‘ﬁposi ng
sides of said engpifahBlyassd eaGig s@g sRAcRiaidchdplat isaRsktder eof to the
respective is said wing and at a second end thereof to said endpl ate

toward said tip. Epplesaid gpdnlate aagynbesprionided prithy 2 phwalify of wedge-shageil snembers

di spl aceab it 10 i I ' t. s the .
espect | ve Ll 8 A1BRRF Koidslor A AP BRTEH iieort B ISR P L R b e,
sai d endpl adié spam-pise\didetbdt idnseq@mel wredesignfitimuedich ddptls af shidémipldtsi ons,

ext endi ng t hroug 'tg(ﬁ t?i,cknescj1 tagcgre f. 20 Said | eadi ng edge of each said
endpl ate may be Pakedstaktip obsach saidh gndpjate dpy B lowwe Bt said dragingpedaedhampt be

| ocat ed fOEM@ﬁ&dﬁfcghédggyJél%ﬁ@%%diI‘?QQﬁox‘EitwfsQﬂiréc‘?ﬁ)B.eCti ve said wing at said
Ea al e

endpl ate root. ndpl ate may be retractably nmounted with respect
to said wing tipEagosdid emiplae fdremebyorénablag begirsvidagl with s pant of sojdoat @rut?5

Preferably, each.sai.d endplate is unted on the _res tive said wing tip
or t on by PRBGNH HOeSRARG “hakf i S et & o U e RS ee

Each said g‘dié%ﬁ% BndBa dRBoUHARG M0 HE hESIRRGE WA siiditth. Wi ng tip portion
by explosive bolts. Alternatively, a |lower portion of éach said endplate

may be conPrajenably, eachdwidsipporGiritk Gret and ispfienliagseble ivath whpachio thegpseciive
sai d endpl glig HRODIRAGRE r@bedivR s SATHE 18, | 0ad  on said lower portion.
Preferably, said forward portion of each said endplate is provided with apertures,
forward of said protrusions, extending through the thickness thereof.
20 Said leading edge of each said endplate may be raked aft.
Said leading edge of each said endplate may be located forward of the leading
edge of the respective said wing at said endplate root.
Each said endplate may be retractably mounted with respect to said wing tip
portion to thereby enable raising of said endplate.
25 Preferably, each said endplate is mounted on the respective said wing tip portion
by fastening means designed to detach at a predetermined load.
Each said endplate may be mounted on the respective said wing tip portion by
explosive bolts.
Alternatively, a lower portion of each said endplate may be configured to detach
30 from an upper portion of the respective said endplate upon impact of a predetermined load
on said lower portion.
The fuselage and wing structure may form a flying wing structure.
Said root of each said endplate may be located outboard of and adjacent to the

respective said wingtip portion with a gap therebetween, further wherein a seal spans said



The fusel age and wing structure may forma flying wing structure. Said root
of each said endplate nay be | ocated outboard of and adjacent to the
respecti weosa8wsni ngtip portion with a gap therebetween, POTMNeroosherei n a
seal spans said WO 01/87682 PCT/ AUO1/ 005%4 10 gap between said endpl ate
root and said wingtip portion towards the upper surface of said wngtip

and sai P porti or t : :
mvent1 on Wi e saceane bl AN ARRD EOECR LR, BT ablie BT

acconpanyi rgnghippenigs, wherein: Figure 1 is a front elevation view of a
prior art Russian Olyonok WG Figure 1(b) is a side elevation view of

the WG of Figure 1(a). Figye c) iLs.a pl iew of the WG of Figure
1(a). Figure 2(a) is a si de%F%fbé?%WWW%wfgﬁeéﬁawm ate of the WG of
Figure 1(a). 10 PréfomEc faaky) of $hét phdseSinyefidnORAl MhABe VLWL biSyHNdp! at e
of Figure 2(a). Fl_glijre 3(a) is a side elevation view of a prior art

endpl at ¢ acsandleryth wiwpree t@tekdcegmprydng drawingsrwhed¢ih) is a cross sectional
pl an view of the endplate of Figure 3(a). Figure 3(c) is an enl arged
fragment ary cros¥igee iomabnidlevatioh eievodf a préoreridplsaiae Orlynok WHGgUr e 3( a) .

Figure 4(a) is adron L. evation view.of rd f en ate according to
Model No. 4 of ﬁ%ur%%bﬁllseﬁ/ﬁﬁﬁglgy?t}onﬁla’lvjPgt@(\&& Pg{jgﬁrq ﬂ\%rse pl an vi ew of
the endpl ate of MFigue &(c#(Pd plan Fleguisthd WG ofFipursilgy. el evation view of the
endpl ate of Fi gur is a front elevation view of a

e 4 .20 Figure 5(a) i )
prior art endpl atFégLEé?@bﬁ%ﬁd? %‘eyﬁ@nmﬁ%P arRgpsiptate ofrthe WIS s Figused (@
i nversegpl an vi ew; bvhe ienspkadciffal Bi ] ; §S a side
el evati 18n vi ew of T%Z (elﬁ(ljpl at _eﬁ%)f uFiéggragwg(?é)éfﬁléiegfﬁgg%?%g%lgés&(gb'f ront
el evati on vi ew offigr\3@aiscosifie rgjetation pewfdra gdor 28 andplatt aeordiog to Hbe
present inygntiop. Eigure 6(b) is a side elevation view of the WG of
Figure 6(a). llﬁf)ﬁlﬁpgﬂtﬁ(c) is a plan view of the WG of Figure 6(a). Figure
7(a) is a cross démtre 6¢halis ptrass sectonad plaarviendpihaerdmite OiEFidkd3@J. Fi gure

) 30 P aure LB 5k il LAURA ROk SURLL Y SO AP S EIR! 2t e
15 of Figure 3(a).
Figure 4(a) is a front elevation view of a prior art endplate according to Model
No. 4 of the Barkley Report.
Figure 4(b) is an inverse plan view of the endplate of Figure 4(a).
Figure 4(c) is a side elevation view of the endplate of Figure 4(a).
20 Figure 5(a) is a front elevation view of a prior art endplate according to the
Moore Report.
Figure 5(b) is an inverse plan view of the endplate of Figure 5(a).
Figure 5(c) is a side elevation view of the endplate of Figure 5(a).
Figure 6(a) is a front elevation view of a WIG according to a preferred
25 embodiment of the present invention.
Figure 6(b) is a side elevation view of the WIG of Figure 6(a).
Figure 6(c) is a plan view of the WIG of Figure 6(a).
Figure 7(a) is a cross sectional plan view of an endplate of the WIG of Figure
6(a).
30 Figure 7(b) is a fragmentary front elevation view of the endplate of Figure 7(a)

and adjacent wing structure.

Figure 7(c) is a side elevation view of the endplate and wing structure of Figure
7(b).



and adjacent wing structure. Figure 7(c) is a side elevation view of the
endpl ate and wing structure of Figure 7(b). WO 01/87682 PCT/ AU0O1/ 00564 11
Fi gure 7(Wd) 0i/87682 f ragnentary cross sectional plan view of P€vauaf/eosporti on
of the endplate of Figure 7(a). Figure g is an enlarged fragnentary cross
sectional plan view of the endpl ate of %gure 7(a). s Figure 9 is a
fragmentary cross sectional plan view of a flat nosed endplate depicting
drag forces in aBgwe dohds ta inrgmdritayrazosi Geetéonal plangienivéitle aft pegionesftthenal
pl an vi ew endpl ate depicting drag forces in a yaw
condition.q%ﬁﬁﬁ%gﬁ?%y?§§§ggraph depicting drag versus speed for fully
wetted and 10 sUfigmre8vi tathhggedniipnaingsy cfisgssctiodd (pdn Vieweoffthegn®iita oy
front el eva};t.i on Kﬁiew of an endpl ate according to a preferred enbodi nent of
the present $HSdi on. Figure 12(b) is a cross sectional plan view of the
endpl atg of Fi gurfegukd(®)s & EHe@entdry 06tk 0Bt plha ViE@US©Ca LBk Gbsd S efdpidt®SS
sectional plan view of the endplate of Figure EZ(a) taken at section BB.
Fi gure 12( digpicting dpagdecesiica Yameondsisih vi ew of the endpl ate of Figure 12(a)
taken at sectiong i-gyr i t n

Vi ow of the.f orvar 8 Balcs e PaTenghy oioef AR RS R RS Bl fd
schemat i ¢ plegisting dwgdbreas fnl ayaydceniiipdrat e. Figure 14 is a cross sectional

pl an vi ew of the | at € of FEi gur (a) enerating aJdeading edge
vty CFigur e 1At B 35 Ph el Gol iRl ol EhR sBRhernl T B liand o
and adj mcentuperddvitstingeisiplated. ure Wi th support struts. Figure 15(b) is a side
el evation view of_.t he | at.e of Figure 15(a). Figure 16(a) is a._.side

el evation view off '&H¢ égggﬁ%% a&?‘?ﬂta@?ﬁ%‘&cﬁ%‘ﬁ' tl%‘&léi@“g gld(P?qf‘? geroElingthy i s
a fragnent ?);élfeﬁé&érﬁb&ﬁﬁkh%ﬁheEﬂe§éht\fﬂ\%¥i’[i6ﬁ. the endplate of Figure 16(a).

30 Figure (a) is a fragmentary cross sectional plan view of an endplate
with flaps. Figure 12(b) is a cross sectional plan view of the endplate of Figure 12(a) taken
at section AA.
15 Figure 12(c) is a cross sectional plan view of the endplate of Figure 12(a) taken

at section BB.
Figure 12(d) is a cross sectional plan view of the endplate of Figure 12(a) taken
at section CC.
Figure 12(g) is a fragmentary cross sectional plan view of the forward portion of
20  various endplates.
Figure 13 is a schematic plan view of a flexed endplate.
Figure 14 is a cross sectional plan view of the endplate of Figure 12(a)
generating a leading edge cavity.
Figure 15(a) is a fragmentary front elevation view of an endplate and adjacent
25 wing structure with support struts.
Figure 15(b) is a side elevation view of the endplate of Figure 15(a).
Figure 16(a) is a side elevation view of an endplate with a leading edge device.

Figure 16(b) is a fragmentary cross sectional plan view of the endplate of Figure

16(a).
30 Figure 17(a) is a fragmentary cross sectional plan view of an endplate with flaps.
Figure 17(b) is a side elevation view of the endplate of Figure 17(a).
Figure 18(a) is a fragmentary cross sectional plan view of an endplate with a
fixed protrusion.

Figure 18(b) is a side elevation view of the endplate of Figure 18(a).



Figure 17(b) is a side elevation view of the endplate of Figure 17(a).
Figure 18(a) is a fragnentary cross sectional plan view of an endplate with
a fixedwoot/ss8ion. Figure 18(b) is a side el evation viencDAUMH®Sendpl at e
of Figure 18(a). WD 01/87682 PCT/ AU0O1l/ 00564 12 Figure 19(a) is a cross
sectional front elevation view of an endpl ate support structure, taken at

7 st on | e g5l AN Al SR Rl SRCOLE Bl Sapono o

fragmentary Cr oss ron el'evatron view of e S
taken at a ssectufeptakad tit Dectibe ipinediatedyfosward ofilgieot®(c) is a cross

sectional side elevati view of part of the structure of _ Fiqure 19(b).
Figure 20(a) is §1wsﬁg&>m)§lﬁgﬁeﬂfﬁvi S whGtignaldeet glavgtien vigwmt dheytrustpre

embodi ment orQbah %eﬂﬁ?@%ﬁoﬁQﬂ%@rtﬂe‘z)élvot'ik&!”e 20(b) is a front elevation
view of the flying wing of Figure 20(a). 10 Figure 20(c) is a side

el evati on vi ew offigdre 1P(9)iing apssgeectionl gide ele®Biia@) viewFofpare of f{eastruictura of r ont
el evation vi.ew g?(b?n alternate flying wing. Figure 21(b) is a side

el evation vi'eWw he flying wing of Figure 21(a). Figure 22 is an enl arged
fragmentary cross,.sectjopal plan vie f. a nose of, ,an alternate endpl ate.
15 Detai | ed Desc}il%’tf?éh@g#% énW&%ﬁ@ﬂ%ﬁ%‘%@%’#ﬂ%‘iﬁiaglarP@reé@HI}Jthme@agh
6(c) depi clofgheprognt Mveritysnd ef fect vehicle according to a preferred
enbodi ment of the present invention. The wing in ground effect vehicle is
provided wi'th a figee @) s alieniglegtien vigeraiitke Byipg vingphbigired06ng ti p

portiong. A pair g; 3 ! i 3, bottom
b diothi tip 10T fe IR AT, Sl BRI AP R BERUE Pl O

downwar dl y from éngipt 3t @) bl khatyaBdn aewtdian aitergbtedlyimpowingons t o bel ow t he
fusel age 2 and wig. s ture 3., This enables the endpl.ates 17 to be

et o0 | n vt eFBES QLT S BT oReRBh 0L e Sy e RERSY ke #Ghr e 6 b)

whi | st keepi ng t Feguré 086k ag@nRrgaidfrinihtEY ckissh WedioBaloplaR Ve of hhobd bkt .
the endplates w | ln{;i%% ically be slightly subnerged bel ow the surface 9 of

t he wat er RGP ®he trough 18 of waves 21, 25 depicted in phantomin

Figure 6(b). As there is _no air gap between the distal tip 19 of the
endpl atés 17 and t he Defaded Resatiptigiyatthe Brefgried Embogimends r educed,

nereby T o251 Sk LA 80 09500 BN STRTRL Ik .
endpl at es DYrefewed embbdiatent tolfi shevpwaentZhvdniohh eTHeewinyt inofrouhf effeplveshidd .is Wt h

pricor art encRud! Giin Thierse fnd R sutenss § A phorthd Witk &) parions, A pair

of endplates 17, each having a proximal root 33, bottom or distal tip 19, leading edge 20

20 and trailing edge 22, extend downwardly from endplate bulkheads 34 at the wingtip

portions to below the fuselage 2 and wing structure 3. This enables the endplates 17 to be

immersed in water 26 during flight thereover as depicted in Figure 6(b) whilst keeping the

fuselage 2 and wing structure 3 airborne. In flight, the endplates will typically be slightly

submerged below the surface 9 of the water 26 even in the trough 18 of waves 21,

25 depicted in phantom in Figure 6(b). As there is no air gap between the distal tip 19 of the

endplates 17 and the water 26 the induced drag of the WIG is reduced, thereby increasing

the lift/drag ratio of the WIG. To maintain the endplates immersed in this manner

requires the leading edge 20 of the endplates 17 to penetrate the waves 21 to the height of

the waves 21. With prior art endplates this would incur unacceptably high drag and/or

30 divergence problems.

An endplate 17 according to the preferred embodiment is depicted in plan, front

elevation and side views in Figures 7(a) though 7(c). The forward portion 30 of the

endplate includes a nose 28 defining the leading edge 20 of the endplate. The nose 28 is

configured to generate an air-filled cavity 25 between each lateral side of the endplate and



30 divergence problens. An endplate 17 according to the preferred

enbodi nent is depicted in plan, front elevation and side views in Figures
7(a) thowgho¥§wmy2 The forward portion 30 of the endpl at ePCVaUOO@S64 nose
28 defining the | eading edge 20 of the epdplate. The nose 28 is configured
to generate an air-filled cavity 25 between each | ateral side of the

endpl ate a 4 r i.Gh S, ONer. the
endpl ate 1%‘[%@&2%&1 1\%3%@ ?%egg%.l é):%?age (1:21\35?% & é\@%@e}légn)({)%éeeﬁ' t@ﬁgﬁg‘“gﬁféﬁe of
t he wat er, opadto the srfamedif tigd watesnnd isdceckdmglyaventilatedbpbio fiont itevedicewater

surface 9. The nose 28 is_gconfigured such that it is supercavitating when
at a zero )?Bt&/ace onﬁh‘f RS %gésr?f’ @Wea/isﬁlgh a@éﬁéétsuﬁeacwa&awgw t & geropEw
desi gn crui ; i i i : i
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is laterally i splaceable wth respe to the wng p portion
fl owi ng ovédorcedheuchntipl rat ®al drag reduction benefit is achieved.

Displacement of the aft portion 27 of the cavity 25 under yaw such that the water
26 outside of the cavity 25 impacts on the endplate also leads to friction drag between the
endplate 17 and the water 26. The additional drag incurred when the water 26 contacts

25 the aft portion 23 of the endplate increases with the side force on the endplate 17.

These problems are overcome in preferred embodiments of the present invention
by configuring the endplate such that the trailing edge 22 of the endplate 17 is laterally
displaceable with respect to the wing tip portion by water flowing over the endplate,
whilst at least part of the forward portion of the endplate 17 is laterally fixed. This

30 provides a weathercock effect, such that when the endplate tends to yaw, water passing
over the endplate on the upstream side will impart a side force on the endplate aft portion
27 where there is contact with the water 26 outside of the cavity 25, displacing the trailing
edge 22 of the endplate toward the centre of the cavity 25, aligning the endplate aft
portion 27 with the waterflow.



whilst at least part of the forward portion of the endplate 17 is laterally
fixed. This 30 provides a weat hercock effect, such that when the endpl ate
tends tow@w/8w8t er passing over the endplate on the upsperamDBEIE Wi | |
inpart a side force on the endplate aft 1gortion 27 where there is contact
with the water 26 outside of the cavity 25, displacing the trailing edge
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20t ot ¢ he yandbRielaiecosbnen Bt B8 it aSinne KRt R potghet b cresmdne |
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flight control actuators. 20 Rather than have the entire endplate 17 pivot
about the piillaot bxpebjgtedito lagdet edankmads/duestol yawi. o thweddpldse 17 as dsanmed keebé r ont

portion of the.endplate 17 fixed and.the aft ortion pj vo I unt ed
oout the. prevbmeliRul s kE g G5 BPulenGatt o ThP Bbial A5 Bh ey Rhobutiiel B
t he endpl afigate@rafit dfeh& Ry droyna@iie ptdtetof pkdisurk FOMNHonkOMightddbnaftioh F refa€iph af €
could be fixed with the aft portion of the 25 endplate laterally flexible

and nount edhadplate duphesvaterisarde paivelyonentrpied bieflightiprndtobagiratossor t i on i s
flexible, the lo ' regi f e .at.e rt.ion_J. ble to
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degree as iafternhitiveaslution would be to have the front portion of the endplate 17 fixed and the aft

portion pivotably mounted about the pivot axis P.
As an alternative to pivoting the aft portion of the endplate, or the entire
endplate, the front portion of the endplate could be fixed with the aft portion of the
25 endplate laterally flexible and mounted to the endplate forward portion. If the endplate
aft portion is flexible, the lower immersed region of the endplate aft portion is able to
‘give’ somewhat, without needing to rotate the endplate 17 to the same degree as if it was
stiff, or without rotating the endplate at all. This ‘giving’ tends to align the endplate aft
portion with the waterflow, reducing the side force on the endplate and the resultiﬂg drag.
30 The flexed endplate 17 also uses its stored energy to realign itself when the angle of yaw
is decreased. In embodiments where flexibility of the endplate aft portion is entirely
relied on for relieving side force, it is preferred that at least the aft 75% of the endplate is

flexible, leaving up to the forward 25% of the endplate fixed.



stiff, or without rotating the endplate at all. This "giving' tends to
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As depicted in Figures 7(c) and 7(d), the endplates may be provided with a

plurality of wedge-shaped members 32 secured to a lower region of the aft portion 23 of
the endplate that is immersed when the endplate is immersed to the design immersion
depth. These wedges 32 assist the weathercock stabilising effect when the endplates 17
25 are subject to increasing yaw angles, which may occur with increasing wind and wave
action. This causes the back part 27 of the cavity 25 to move from side to side so that the
water impacts on the wedges 32. These wedges 32 direct the water away from the side of
the endplate 17, maintaining the supercavity. The sideways force on the wedges
produced by this contact with the water again pivots the endplates 17 around the pivot
30 axis P (or flexes the aft portion in fixed endplate embodiments with a flexible aft portion),
so that the endplate 17 aligns itself again with the water flow and the centre of the cavity
25. Although the wedges 32 incur a profile drag it has been found that the total drag is
less than that for a smooth surface if the speed of the WIG is above 100 knots (51 m/s) for

an immersion depth of 12’ (3660 mm). Because the wedges 32 incur additional air drag



the endplate 17, maintaining the supercavity. The sideways force on the
wedges produced by this contact with the water again pivots the endpl ates
17 aroundvohespByot 30 axis P (or flexes the aft portion ParAuseesendpl at e
enbodi nents with a flexible aft portion) so that the endplate 17 aligns
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28 is subj 8qUi§ i5y§w ARE tfﬁresewﬁlfecdtﬁnémﬁlaﬁ%ﬁppwssr PRV ¥ lset i ng
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drag force D, whi acts perpendicular to the at surface o e 25 nose
28, provi demdacss apdreaiitydun dgpatrefened wosstshage, mo depitted o Higurd®, is erflat mosd
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With reference to Figure 9, a flat nose 28 can be shown to be hydrodynamically

stable. When an endplate with a flat nose 28 is subject to a yaw angle o, the
hydrodynamic centre of pressure acting on the nose moves towards the upstream side of

the nose 28. The resultant drag force D, which acts perpendicular to the flat surface of the

25 nose 28, provides a stabilising negative twisting moment about the centre of gravity (CG)
(and the pivot axis P for a pivoting endplate).( This negative twisting moment turns the
nose of the endplate 17 towards the direction of the incoming water rather than away from

it. This stabilising moment complements the stabilising weathercock effect discussed
above. Even when subjected to an angle of yaw, the waterflow detaches at the lateral

30 edges 31 of the nose, generating the supercavity 25 at the nose edges and leaving the sides
of the endplate forward portion 30 unwetted. This ensures that no side forces are exerted

on the sides of the endplate forward portion 25, which would otherwise produce an
unstable positive twisting moment. The flat nose is accordingly hydrodynamically stable

and not subject to divergence.



nose of the endplate 17 towards the direction of the incom ng water rather
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when it |eaves the square corner 31. In contrast d convex shape woul
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t he desi reﬁalﬁﬁ%%e 611rtThe drag of a supercavitating shape is proportional to
the size o cpavrty 25 it produces. Wilst a flat nose 28 produces a

| arger cavity 25ThBdlutanost kel dlse chifiassesOfurfabe casiidn Wistkhb wdtdevagBateed
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nose 28. TREAEYoVRen Heeves dhesqudragorpendl -t ynnpberge esivery shapgorowd rlikely i ned
nose  2p SBARG-from surface cavitation that would eat away and destroy the desired shape.

The drag of a supercavitating shape is proportional to the size of the cavity 25 it
produces. Whilst a flat nose 28 produces a larger cavity 25 than a streamlined nose of the
same width, the desired cavity size can be produced with a flat nose by reducing the width
of the nose 28. Therefore there is no drag penalty through using a non-streamlined nose

25 shape.

To minimise the drag of the endplate, the thickness of the flat nose 20 should be
selected so that the length of the supercavity 25 generated at a design cruise speed with
the plate immersed to a design immersion depth is slightly longer than the chord length of
the endplate, such that the entire endplate will be unwetted without the supercavity being

30  excessively large, which would result in a large profile drag. A supercavity length of less
than 5 times the chord length, and more particularly less than twice the chord length, over
at least the lower 50% of the immersed lower region of the endplate is preferred.

Tests were carried out on a model of the endplate according to the preferred

embodiment in a high-speed, variable-pressure, water channel with the cavitation and



To mnimse the drag of the endplate, the thickness of the flat nose 20
shoul d be selected so that the length of the supercavity 25 generated at a
design cwosesmspred with the plate imersed to a design pamwausi/@sedepth is
slightly Ionger than the chord length of,, the endplate, such that the
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enpirical egdati ons which enable the selection of the nose width. Based on
the experinental data, the ratio of cavity length to nose width can be
expressed as: | 20 CpgH a (la) 5 where: 6 = pgH 1/2p V2 1 cavity |ength,
h = nose wi dth, 8_:1@0‘;:@1 eration due to gravity = 32.2 ft/s2 (9.81 ns2),
10 H = endpl ate i mersion depth, V= vehicle speed p = density of water, and
Cd is the classi talcaditpngthef fi cient for a ventilated, supercavitating flat
plate normal to the flow, with: 15 Cd = +4 0.88 (I b) Equation (la) is in
| ar ge di sagr eeneftt™ WSEMidhe | i nearised result given in the literature,
such as in the rgpo. P - Cavh bi i rcavitating Fl ow'
(Proc. 11th | nt.g C%Jﬁal?aggnﬁg%ﬁ%rgl\/@th. !Q%ﬁ%@%&%ﬁ/lﬂﬁp Tulin (hereinafter
referred to as the=Fndplate ilRmpoidan)deptthere | /h=(8lrc orit /2)Cd /a 2
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Cy is the classical drag coefficient for a ventilated, supercavitating flat plate

normal to the flow, with:

15 C,= 2
T +4

=0.88 (1b)

Equation (la) is in large disagreement with the linearised result given in the
literature, such as in the report “The Shape of Cavities in Supercavitating Flow” (Proc.
11th Int. Cong. of Appl. Mech., 1964) by M. P. Tulin (hereinafter referred to as the Tulin
Report), where //h=(8/n orn /2)C,/c* depending on the model used in the derivation

20  of the equations. The large difference is probably attributable to free surface and gravity
effects.

Using the empirical equation (la) for the cavity length behind a flat nose, the
nose width required to completely unwet an endplate of chord length L immersed to a

depth H at a speed 7V, is:

25 h= gHL >
10C,V

@

For example, for the flat plate nose, C,=.88 and for #=12’ (3.7 m), L=60" (18.3
m) and V=200 knots (103 m/s) equation (2) gives

h=.02" (6 mm)

Furthermore, equations (la) and (1b) may be used to derive the following

30 equation to estimate the area of the plate that is wetted for any value of 4, H, L, and V.



nose width required to conpletely unwet an endplate of chord length L
imersed to a depth Hat a speed V, is: 256 h = gHL (2) 1 OCdV 2 For

exanpl e, won1/81ee2 f | at pl ate nose, Cd=.88 and for H=12' (3PCT/AN1/0S60" (18.3
in) and V=200 knots (103 m's) equation (1%) gives h=.02" (6 nun)
Furthernore, equations (la) and (Ib) may "be used to derive the foll ow ng

30 equation to estinmate e ar of ,the plate that is wetted for any val ue
of h, H L, and \ZZ\Q EV@BZ%%T Gt/ 00564 19 HL - 1-HL(I +l 3FL L <H
where S,v = wettddlareaHLand "QC20CLV2h 2g The drag (D) of the endplate
may then be,sho to L (3) _ SW+ Cdh s 2CfHL1/2pV2 HL2CL (4) where Cf
= skin fri Wgﬁe@nmgbéf‘?‘%@flé‘?ﬁa?aﬁ gure 11 provides a conparison of the
estimated tot al dragga,tﬁyﬁlryi ng speeds for a supercavitating flat nosed
endpl at e accor di M@= d exanmple (h= .02', H=12', L=60") as conpared to
an equivalent fully wed ed endpl ate. Again for the flat nose, Cd = .88. The
iototal d far, the wette |ate is obtaiped from D (fully wetted) =
ACFHL(I/ 2\/;‘%961% (‘Fhé)%gggpeé’rdP%{eepﬁP%V tgxfzgﬁets ‘?)’é‘é{@ﬁ-t hat the cavity nmaxi mum

thi ckness occurred at p approxgmatety half the cavity length and could be
esti mat &d by theWeﬁrﬁ equation. 15 tmax =apprdék) 11 h 1/3
6 (6) where t,,, A 8" cavitty f mum t hi ckness. The Tulin Report states
that the cayilycShaag didiARBEAIRT e v el lipti cal

Figure 11 provides a comparison of the estimated total drag at varying speeds for
a supercavitating flat nosed endplate according to the example (4= .02°, H=12’, L=60") as
compared to an equivalent fully wetted endplate. Again for the flat nose, C; = .88. The
10 total drag for the wetted plate is obtained from:
D (fully wetted) = 4CHL(1/27?) )
The experiments also revealed that the cavity maximum thickness occurred at
approximately half the cavity length and could be estimated by the following empirical

equation.

(6)

t
15 -T2 —approx.
po PPN
G

where t,, is the cavity maximum thickness.

The Tulin Report states that the cavity shape is approximately elliptical
downstream from the body creating the cavity, with the cavity maximum thickness again
occurring at approximately half the cavity length.

20 If the nose width is specified at any vertical location along its span, equations (1)
— (6) determine the cavity length and maximum thickness at that depth H.

In a preliminary design the endplate thickness may be chosen to be, say 0.75 t,ax,
so as to be well inside the cavity. Taking the cavity to be elliptical its cross section is
now determined. However its shape near the nose must be adjusted for the well-known

25 theoretical cavity shape behind a flat plate,

Figures 12(a) to 12(d) show the resulting design for a constant nose 28 thickness
of 0.02° (6 mm). Figure 12(a) depicts a front elevation view of the immersed bottom 12’
(3.7 m) of the endplate from the water surface 9. Figures 12(b) to 12(d) provide cross

sectional views taken at the water surface 9 (Section A-A), midway between the water
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the endpl at&enedh fad atiibenssi ditstheradnlgte lepurdpori heing trpseedp s ithielmess es
wWth the d'n%&@a@&ewftﬂlgtﬁgdﬁ@ancﬁ eiefegﬁnﬁ%d SMgh \K}'ﬁtg r}ug{ resslrE dttffer{enttals
w ng | oa p

differentials cause gs It may roprra 0 extend

t he endpl aceustdrbyahgh wing 10ad1ngs it may be appropriate to extend the endplate forward
portion 30 forward of the wing leading edge 11. This is so sufficient thickness and
strength can be achieved at the point adjacent to the wing leading edge 11, where the
pressure differential becomes significant.

25 In some situations it might be appropriate to increase the nose thickness with an
associated drag penalty in order to provide a structurally sound and fully ventilated
design. It should be noted that the drag of the 0.02’ (6 mm) nose is so much less than the
drag of the designs in the Barkley and Moore Reports that the drag of a flat nose design
will remain much lower than the Barkley and Moore designs even if the nose width is

30 increased by five or even ten times. In fact, the nose width must be increased by 140
times to equal the drag of the Barkley and Moore designs if operated at 12’ (3.7 mm)
immersion depth and using the drag they report.

Figure 12(e) depicts the forward end portion 30 of the endplate 17 of the

preferred embodiment design described above, with a flat nose 28 generating a narrow
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degree of flexibility. At slow speeds where at least part of the endplate sides are wetted, excessive

flexibility of the endplate may cause a particular form of divergence. With reference to
Figure 13, the endplate 17 will tend to bend about the pivot axis P when subjected to a
minute yaw angle o.. Water pressure acting on the upstream side of any wetted area of the

25 forward deflected portion of the endplate will produce an unstable moment, tending to
further deflect the forward portion of the endplate 17 and potentially result in divergence.
If the side forces acting on the yawed endplate produce an adverse hydrodynamic moment
per degree of yaw that is greater than the structural stiffness of the endplate per degree of
yaw, divergence is possible.

30 Figure 14 depicts an endplate cross section with a cavity 71 of length [/,
generated by the nose at low speeds. The cavity 71 extends from the leading edge, with
the flow reattaching downstream to leave the remainder of the sides of the endplate
wetted. The approximate length of the cavity 71 is given by equations (1a) and (1b)

above. Clearly, the leading edge cavity length will have a major effect on the tendency to
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cont 413 SSRGS T s ceaccs by e
const. 112 RYZat{oh211ad 4nd BIb)/ Z8iionVD) Be@ntes:

M constl/2 pV?* (12—(17.76k)/2gH)V* ) ®
o 2
The maximum value of M /a in equation (8) occurs for H = 12’ (3.7 m) and for A

=0.02’ (6 mm) when:

¥ =7.7//h knots ©
= 54.3knots (27.9 m/s)

20 This means that divergence is not likely to occur at speeds greater than 54 knots,
but may occur at speeds less than 54 knots. The likelihood of divergence is then
dependent on the method of construction of the endplate.

If the front 30% of the endplate were constructed of a structurally rigid material
such as a titanium skin over a solid carbon matrix centre, careful analysis would be

25 required to determine if the endplate would or would not diverge. This solid construction
would however incur a large weight penalty. To save weight, lighter weight construction

is desired, however such lighter weight constructions will be more flexible, and hence

divergence would be more likely in the lower speed ranges.



(8) The maxi mum value of M/a in equation (8) occurs for H= 12" (3.7 m
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of .strut 59 can be used in any underwater situation where | ow drag ag hi gh

speed is r &éh speerl ISTRQIIFAdr odynani ¢ noment about the pivot axis at a
A T, I T
as per the oaxhemngthabothe catinel e gemdratbe anthansheed.s Eorresayle, if the cavity length
extends to the pivot axis P, as per the example above, there can be no adverse moment
20  and no possibility of divergence. Consequently, it is possible to avoid divergence at any
low speed if the nose 28 width could be temporarily increased to increase the length of
the cavity 25.

The required flat nose 28 thickness can be calculated as above and any other

method of diverting the water sideways from the leading edge 20 of the endplate 17,
25 including the following will achieve the desired increase in cavity 25 size.

Referring to Figures 16(a) and 16(b), this temporary increased nose width can
effectively be provided by a retractable leading edge device 62, of greater width that the
endplate nose 28, which is extendable along and over the nose 28. This leading edge
device, in the form of a thicker nose 62, is made in segments joined together in a chain so

30 that it can be stored inside the wing tip portion and then lowered or raised by the toothed
wheel 63 which slides the segments of the nose 62 down and up the outside of the regular
nose 28. This system is, however, somewhat complex.

An alternative configuration is depicted in Figures 17(a) and 17(b) where

protrusions in the form of flaps 60, configurable between a retracted position within the
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the upstream side will engage water passing outside of the supercavity.

The forwar degiercel b cadidates.ap 60 is flat and extends at right angles to the
chord line of th I t E . th i i.ng on
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structupe, vaRdofiito B RAMCR! thipGAAB! iB¥rease the cavity width and avoid that side of the

endplate from wetting. During extension of this flap, however, the resultant force acting
on the flap, would act in front of the centre of gravity of the endplate resulting in a severe
destabilising moment. At WIG speeds this would cause the endplate to fail unless it was
made unduly thick resulting in a high drag. This alternative is therefore not suitable for a
25 WIG.
A simpler solution is provision of a fixed protrusion 64 on each side of the
endplate forward portion 30 as depicted in Figures 18(a) and 18(b), effectively providing
a two-stage nose.
Experiments in a water channel demonstrated that the cavity size could be
30  increased at slower speeds by this passive design which has the additional advantage of
increasing dynamic stability at increasing speeds.
As explained above, for the example endplate dimensions, divergence is most
likely to occur at speeds less than 55 knots (28 m/s) because the leading edge cavities 25a

are too short to relieve the hydrodynamic moment about the pivot axis P resulting from
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into contact with  the full face of the protrusion 64 to create the |arger
cavity. ThaPslresst silgcef e enwlgie gt usimest pi thehiong dacedot ghepprotrusion at the

hydr Odysfaamu%?tkéa)h SihabhBe centre of pressure applied by the water on the protrusion 64 will be
on the upstream side of the endplate, and given that the front face is inclined forward as
opposed to swept back, the resultant load acting perpendicular to the concave face will
create a stabilising moment about the pivot axis (and centre of gravity) opposing any
divergence. A concave protrusion 64 provides a significantly greater stabilising moment

25 than would an equivalent flat protrusion once a reasonably large cavity has been formed.
A further advantage of this type of protrusion forming a second stage nose 64 is
that it can be used to reduce the overall drag of the endplate 17. With a single stage nose
28, the nose width at the endplate tip 19 must be chosen to produce a large enough cavity
25 at the tip 19 when immersed to the design maximum immersion depth. This nose
30 width 28 is approximately 6 times the appropriate width if it was only operating at the
mean average wave height. For instance in sea state 4 the highest wave is approximately
13.3’ (4050 mm) but the average wave height is only 4.2” (1280 mm). If the vehicle is
flown such that the endplate tip remains just immersed at the trough of an average height

wave, the mean immersion depth will be 4.2°/2 = 2.1’ (640 mm).
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43 allow the endplate
endplates from moving forwards or backwards.

The vertical alignment of the endplate 17 is achieved by the structure shown in
Figure 19(b). This structure joins the endplate bulkhead at the wingtip portion with the

25 wing 3 at the fore and aft position shown in 7(c). The plate 44 slides in and out between
the roller bearings 46, which are between the plate 44 and the box section 45. Pressure
differential on the endplate 17 forces the endplate to rotate on the bearing 36D outwards
at the tip 19 and inwards at the top of the bulkhead 34 until the top part of the endplate
bulkhead 34 comes in contact with a stop 49 on the top of the plate 44.

30 The flexible seal 50 prevents air escaping between the upper edge of the endplate
bulkhead 34 and the wing 3. The seal is on the top of the endplate bulkhead 34 rather
than the bottom so that the air pressure acting outwards on the endplate bulkhead 34
partially counteracts the turning moment of the air pressure acting on the endplate 17.

This reduces the twisting moment on the endplate mounting structure.
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t han the en
fuselage This embodiment, shown in Figures 20(a) to 20(c) would theoretically be more

efficient for larger WIG’s than the seaplane configuration shown in Figures 6(a) to 6(c).

The endplates 52 have the same features as the endplates 17 used in the sea plane

configuration and they eliminate the gap between the wing 51 and the water 53 in the
25 same way.

A flying-wing configuration eliminates the fuselage and tail thereby reducing the
weight and skin friction. The disadvantage of a flying-wing is that it has a reduced
internal volume. This disadvantage can be overcome by increasing the thickness of the
wing in the alternate embodiment of Figures 21(a) and 21(b). The thicker wing 54 would

30 require boundary layer control to reduce separation and its associated drag to an
acceptable level.

The combination of a thick wing 54 and surface piercing endplates allows a high
wing lift coefficient to be used without unduly increasing the induced drag. This

configuration has a very high lift/drag ratio.
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20 sufficiently to impact the endplate, the need to align the endplate aft portion with the
incoming waterflow is reduced.

As the cavity drag is proportional to its length, this endplate would have a higher
cavity drag than a pivotable endplate with a cavity length only slightly longer than the
endplate chord length. It would however have the advantage of decreased complexity

25 which is desirable.

To avoid the need to pivot the endplate, a nose should be designed which is
sufficiently narrow to provide low drag characteristics whilst still generating a
supercavity with a length several times the endplate chord length at design cruise speeds
so as to allow for small yaw angles. The nose should also generate a sufficiently long

30 cavity at low speeds such that adverse twisting moments about the endplate centre of
gravity do not tend to excessively flex the endplate forward end portion of the endplate
and cause divergence.

Whilst a suitable nose shape is a flat nose as discussed above in relation to the
above described embodiments of the present invention, other shapes will also be suitable

35 and capable of generating the necessary supercavity. A particular advantage of the flat
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maxi murm deptuise speete dherdedgsalimensions, and particularly the restriction on the relative
depth, will ensure a sufficiently blunt nose shape to keep any wetted length at the leading
edge sufficiently low.

Other more streamlined shapes can be used provided the width and depth
limitations set out above are met. Curved nose faces are not preferred, however, because
25 of the dangers of face cavitation at the high cruise speed of WIGs. This cavitation may
cause the problem of variable drag, resulting in a variable and unpredictable cavity size.
To asses the stability of an endplate with a nose as described above, we can calculate the
minimum velocity required to produce a cavity extending to at least the mid chord point
of the endplate which will be the approximate location of the centre of gravity of the
30  endplate, This will result in that there being no large wetted area forward of the centre of

gravity which could tend to adversely flex the endplate to cause divergence.

This velocity can be calculated by combining equations 1(a) and 1(b) to arrive at:

- lgH
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direction of less than 0.83 tines the nose width. This provides a maxi num
nose depth of 0.005 tinmes the chord length for a maxi num wi dth endpl ate.
Such a nos@ovsmBi guration is 15 depicted in Figure 22, whp€®RAUhEOOIGEEe 78
has two inclined faces 79. These nmaxi num_di nensions need only apply as an
average over the lowernost 4 feet (1200 :?ﬁ)h) of the endplate, allow ng
operation at a design inmmersion depth of 4 feet (1200 mm). For |arger

desi gn i mrersi onwhept hs, these nose size restrictions should apply over a

greater span of he endpl ate. The nose shoul d al so _be sufficiently wide to
produce a super e&fPi Tyg}]at_ c!f@%icﬁ?fﬁﬁ@nEPﬁPs‘@ed%Be‘@H%?hwv N&198S  and
parti cul ar lthidkRessf@sid +c2) on on the relative depth, will ensure a
sufficiently blunt nose shape to keep any wetted | ength at the |eading

edge sufficiently? fé@v.32d4196$ npp)ye Maximum waysdieighbivs sexsitiede used provi ded
the widgh and depthyy hi-Mpa6]@amget out above are met. Curved nose faces
are not preferred, however, because 25 of the dangers of face cavitation
at the high crui despexstrovidey Geelodity K of 8¥ fitsat 4knata25aaisse t he probl em of
vari able drag, r | &1 N ar.i n npr edi ct.abl ayi size. To
asses the stabili 1§ dg?c@%ﬁdélﬁ%p%ﬁjﬁpg%\%hﬁ H&S%ﬁ%ggwgsthaﬁag} #%B@&\féﬁ%%épﬁﬁ % an
cal cul at e theslow spendiraf V! kwits Y25 ewfs). r @tlist spepd dgdise eaowdvid yveid tiewdipagd t 0
at least the md chord goi nt . of the .endgl te whi CB wil.l rlé)e tPe appr oxi_mat e
| ocati on ofi"eREenge FRYsed BY thrsids topectoting ongargqaptisel @reatnfeonyof fheycestip of i n

that ther e bRiRDIiR drApme: ISttt 308FofBbMgrd of the centre of gravity
whi ch coul § tend to adversely flex the end&!giajtle toicause di vergence. This
ilengéh

vel ocity can be diiscupst skprsy7&dwbi diley vy maysusedd in (thy ehordwise ve

at: VvV - |gh: . : = = drag
coeffici en{Ei Hgétga}tg\?/g 'g((a)gvjtwﬁ%ie % t %}ng@g@%ggﬁgﬁhg?aﬁé\%? g%ghe%d%egg#ggsrﬂ)g ord
=1. 2) H=13v8l'be(WD6d) andassudibthe endplwawdll et divergk et higkapestlate 4, 5

| =60' / 2=30" (914 L n). The abov r.ovi des a vel,oGity. V.of 83 = knot s
(25 1 9)  he dede Ptier SRR Gl H pnainl MRS hadirtes B2 ehBRocHelR o1

t he eﬂdpl atleat &ic (l)\Iei’eﬂl SHvity deqpesdifivierd 9s &npm&g(s%ﬁs mr(]ﬁi)dth idf Id're]g coReRderit D kiaw
enough to ayoi oW spee ivergence caused by the side force acting on a
| arge wett ébapéaé’éFdigFD f‘ﬁdﬂ? vg*vcl@ ReAlcider o gpenifuge iﬁsamawh%fwwél Rynths IPRicE

(I ocat ed atyt50% of chord). This nose shape 78 has a | ow wetted | ength

(nmeasured in the chordw se L )
A fixed non-pivoting endplate with this nose can therefore be a very satisfactory

endplate. This nose shape can also be used on pivoting endplates such as those described
20 above.

As described above in relation to the embodiment of Figures 18(a) and 18(b), a 2
stage nose can be used to expand the cavity and avoid divergence in yaw with a pivoting
endplate. It is also possible to use a protrusion 64, forming a 2 stage nose, on a fixed
endplate provided the angles of yaw are small, as will be the case with the endplates

25 constantly in the water as discussed above. It is therefore possible to construct a low drag
fixed endplate that will not diverge or fail in yaw by using a protrusion 64 forming a 2
stage nose and running the endplates constantly in the water.

The front nose 28 can be of any suitable shape to produce a supercavity at design
cruise speeds with the endplates immersed to a design immersion depth, however for the

30  same reasons as set out above, the preferred shape is flat. A flat nose does not incur any
side force and this is particularly important when the endplate is fixed and very narrow to
reduce the cavity drag. The front nose 28 should be sized to provide a supercavity just
longer than the endplate chord length and the endplate therefore has the same low drag as

the rotating endplate when the endplate is not yawed.



direction) of 0.005 times the chord length (as only the faces 79 of the
wedge shaped nose wll be wetted) and as such the endplate wll not

di verge avohi/giesspeeds. I n addition this nose shape has arawAvou0OMdt h of
0.006 tines the chord length so 15 thatgﬁhe overall cavity drag
coefficient is only 0.006 x .51 (wwdth x"drag coefficient of this shaped
wedge) = 0.003 which is an order of magni tude | ess than that quoted by the

pri or art. A fi ieaaWoﬂlemrotwwm 6@ heipling thevdndrstagei mosa el ivan adiigoedlatrag be a

er ati sf r ed o atin
anﬁizteéséﬁg . -mﬁ§ %gg;ﬂ%hgkggﬁ%higgggﬂ%gﬂgﬁscr|Egﬁ %@%%aﬁ Ive%%t?on
to the enbdddnmge ncbseFR@umHshd\&(\a) k&nsindlB(ahd thia Rpe Sifa@ﬁlplwesﬁs tlanefbe wged

to expand t aV|t angd ayoi d. C aw, W vot endpl at e.
is also %ﬁ%ﬁv%f’%t o™ ?’el\{és ‘ﬁ’rsg‘? Wﬁ 8‘2l tg?l %‘Fﬁ%ﬁg%{"%l e&’ééi%se on a
fixed endpl ate provided the angles of yaw are small, as will be the case
with the endplates 25 constantly in the water as discussed above. It is
therefore possible to construct a low drag fixed endplate that will not
diverge or fail in yaw by using a protrusion 64 formng a 2 stage nose and
runni ng the endpl ates constantly in the water. The front nose 28 can be of
any suitable shape to produce a supercavity at design cruise speeds with
the endplates imrersed to a design i mersion depth, however for the 30
sanme reasons as set out above, the preferred shape is flat. A flat nose
does not incur any side force and this is particularly inportant when the
endplate is fixed and very narrow to reduce the cavity drag. The front
nose 28 should be sized to provide a supercavity just |onger than the
endpl ate chord |l ength and the endplate therefore has the sanme | ow drag as
the rotating endpl ate when the endplate is not yawed. WO 01/ 87682
PCT/ AU01/ 00564 31 In yaw, the protrusion 64 formng the 2nd stage nose w ||
i ncur additional drag caused by the pressure of the water on the 2nd stage
nose 64. The average drag on the 2nd stage nose 24 will however be snal
and this type of endplate is therefore an attractive option when it is
w shed to avoid the conplexity of pivoting endplates. WO 01/ 87682
PCT/ AU01/ 00564 32 CLAIMS: 1. A wing in ground effect vehicle having a
fusel age and wing structure with opposing wing tip portions and a pair of
supercavitating endpl ates each extending downwardly froma respective said
wing tip portion to below said fusel age and w ng



5 structure for imnersion in water during flight thereover, each said
endpl ate having: a proximal root, a distal tip, a forward portion

i ncl udi ngvaongme2 defi ning a | eadi ng edge and adapted to Bewavat/@se4
supercavity between each | ateral side of3zsai d endpl ate and water passing
over 10 said endplate, in use, at a zero yaw condition at a design cruise
speed withgafiendplate imrersed in water to a design i mersion depth,
and an aft portion termnating in a trailing edge, wherein at |east part of
said forward porfli on ofA waghinsgiodned affpdt atebicleshdvang nahisejagef indeslingi stiuctues pect
to the res&feg\tive said wng ti.p gor ion.and said . trailin ed%e of each 15
sai d endpl S0 FRPOSBESVIR| P BPiSRs Be,p Patr Q) PROFEG}EE PEPleRs S pUENiE

sai d W ng tdbRnRardy Fbm abﬁésll!{@ﬁ% siih%n@&i%&&ioﬁ%b%e@&ﬁ'%ﬁt ﬁlsélggél%a wWing 1he
wing in ground effect vehicle of claim1 wnherein each said endplate IS

pi vot abby rsivusteedonivamersiongh veter aluiisg 8ighé Heraeyet, nach wpbendplagehayingact i on of
said endplate, gaigxi%lg”g%id portion of each said end plate being laterally
fixed at said pi 7o axi’s. 3. The wing in ground effect vehicle of claim
2 farther conprisidigalagans for actively controlling rotation of said

endpl ates about the respective said pivot axes. 4. The wing in ground
effect vehicle of Orame posine rdrlydiag; 3 npgs daiyng foleadng edeceansh adatel to
endpl ate i i " i f.: Sal d j ;

o1 vot al Ty BEURRES SPGeaft sAbkoPOic! AP Ll Qi il BRERIEN B! BB s, of
sai d endpl atid.en8plafEhén wiengt & rergryawncbnditioacit aviekiga lceuisdf speed kndth safd eddpias 2

and 4, wherein aai d pivot .axis. of e,ac;} stgi d endplate is |ocated forward of
t he hydr odyREIFFE deeies (Qf deignsivaperaiogerth #idendpl ate at said design cruise

speed with said gﬂgﬂ?@%ﬂmﬁgﬁ%hrﬁty@tigedggp sai d design inmmersion depth.
30 6. The wing in ground effect vehicle of either of clainms 2 and 4,
wherein said pi whereixiat laast pait hf saiil dorvade ipatteon of tasbasaalendpide ihhterallp5

ti th d. th. of id endpl.ate aft of.said. |eadi t
Span-vi so SRt PrtTesangs tsclish P il viuh i s it SR Halg P Bl oss
PCT/ AUOL/ 0@ 4ndslate 4s latdiallviiRglaténbly; QkRdeetes thy/RRp&tiOe ofid Gliad fip owtal ei n

said forward portion of each said endplate is fixed and said aft portion of
each sai d énapttatiowisg pueresed ndplatq iayisel e and is nounted to the respective

sal d forward porgion. §,, &pﬁg W é}gmjﬂe@erc?y&gclgu" 86Hm Y SMLELE e2h s%k@él{gpzdte

wherein said aft “portion
is pivotably mounted about a pivot axis extending in a span-wise direction of said

endplate, said forward portion of each said end plate being laterally fixed at said pivot
20 axis.
3. The wing in ground effect vehicle of claim 2 further comprising means
for actively controlling rotation of said endplates about the respective said pivot axes.
4. The wing in ground effect vehicle of claim 1 wherein said forward
portion of each said endplate is fixed and said aft portion of each said endplate is
25 pivotally mounted about a pivot axis extending in a span-wise direction of said endplate.
5. The wing in ground effect vehicle of either of claims 2 and 4, wherein
said pivot axis of each said endplate is located forward of the hydrodynamic centre of
pressure of said endplate at said design cruise speed with said endplate immersed in water
to said design immersion depth.
30 6. The wing in ground effect vehicle of either of claims 2 and 4, wherein
said pivot axis of each said endplate is located less than 0.25 times the chord length of
said endplate aft of said leading edge at a span-wise position midway between said

endplate root and tip.



5 each said endplate extends forward of the hydrodynam c centre of pressure
of said endplate at said design cruise speed with said endplate i mrersed

i n wat er WO orsies2 desi gn i mersion depth. 9. The wi ng i n pevavdr/@séect
vehicle of claim7, wherein said aft portion of each said endplate has a
chord Iength of at least 0.75 tinmes the Chord |ength of said 10 endplate

at a span-wi se posi {1 omygigasty heLYRPOraal dupndRk Al PUnAIE LhP ok A

wing in ground effect ve I'ng a use age an W ng s ure

opposi ng wpmglonlqﬁ epdr $aid nmipwd isdfixzdiand odid aﬁgﬁm@wﬁ @ith sgid endipbtetieBitealty
ext endi ng wardly fr respective, ip portion to bel ow said
fusel age afl enadld 1§¥T%18 rt%ﬂfedF PefHNer 8] r‘i"?f\aﬂmg@r’l during flight

thereover, each gai d enupkah&in By Ik e fvehidl Qf%lﬁﬁﬁ 7rVQHére1ns 1ddd &Juo 'oP a
forward portlon including a nose defining a [eadi ng edge an

gener at & acailpesid andplath extendn faraerd htthe Ay deidgeansic s @?\ﬂlpbsme odnsjud/vat er

G so°spos R n? sEaRaBh SrardrdaGoi P BlbRie TlipaRol s Woe Bl o RSP on

depth, an ahinepyddépth.ternmnating in a trailing edge, and a protru3| on on
each opposing si de of said front portion, at a |ower region thereof and
aft of sal d nose?- for (Ih@él‘@il&ﬁl raunsrefiesieghigle afi¢lain @, ‘@herglaﬁdldsﬁfbmr@anpfy

on the UPSideam @%‘9@ §5h£saa %h&ladle@wofvg@@%sg gi fkaaﬁgg' & nded AR f%

respect to sai passi ng over sal te and/ or on es of
sai d endpl ahdplahata spindwisa gpbitoemidwvayi meaﬂmd)@m@hﬂe ®at shdi@si gn [ rmer si on

depth, each said_protruysi on extendjng in pan- w se |rect| on and havi ng
a forward face céﬁfi gu:ie?}’”%%)mcgr@é‘? © e“ét"&%ﬁf by Lﬁ?énwmérﬁétaﬁﬁ'”ﬁ

sail d wat er wifhhtho kit GH ABBRY hita ol p%fcgmaahg gﬁgﬂgtp%’“gt  dubRad on

at |east equal d gn 1 nmers on
wing in gr dqwdwelfdﬂse(ftonwemespeethvaldlgmag mmgombnlmthstt(ﬁv \aaiﬂhfusqdqigrsamgwmg ng

owrwiar al y ey 3 Plbiste 5 SRRk b Righf s iPs P e e Ble BRI T use age

and W ng struct up@rd:@mal #0dREr Si on in water duri ng flight thereover, each
said endpl ate having: a proximl root, WO 01/87682 PCT/ AU01/ 00564 34 a
distal tip, a fopwWifa tiertion including a nose defining a | eading edge and

adapted to geneLafe, g s 81%08 %}ﬂéﬂﬁgmg &l E&" d@f%%ﬁg laaﬁe%d%l gdg%ean%f a %tgd to
over

endpl ate and wat &r passi
generate a supercav1ty between each lateral side of said endplate and water passing over

said endplate, in use, at a zero yaw condition at a design cruise speed with said endplate
20 immersed in water to a design immersion depth,
an aft portion terminating in a trailing edge, and
a protrusion on each opposing side of said front portion, at a lower region thereof
and aft of said nose, for engaging water passing outside of said supercavity, on the
upstream side of said endplate when said endplate is yawed with respect to said water

25 passing over said endplate and/or on both sides of said endplate when said endplate is
immersed beyond said design immersion depth, each said protrusion extending in a span-
wise direction and having a forward face configured to create a stabilising moment upon
engaging said water, said lower region having a length in said span-wise direction at least
equal to said design immersion depth of said endplate.

30 11. A wing in ground effect vehicle having a wing structure with opposing
wing tip portions and a pair of supercavitating endplates each extending downwardly
from a respective said wing tip portion to below said fuselage and wing structure for
immersion in water during flight thereover, each said endplate having:

a proximal root,



said endplate, in use, at a zero yaw condition at a design cruise speed
wth said endplate 5 imersed in water to a design i mersion depth, and an
aft portivomot/greei nating in a trailing edge, wherein, overPChaUbDIEs4HOSt
1200 mm of said nose, said nose has an average w dth not greater than
0.006 tines said chord | ength and an ave?“age depth, measured in a

chordwi se directiof f not greater than 0.83 tines said nose average

wi dth. 10 12. Th@cg\ﬁt‘?‘}glpl’n ground effect vehicle of claim 1l wherein said
nose of each saidfoepail pbioh SntlldinBes GBES RN O 1dRIR @ddgerélﬁlngﬁ'é;ﬁ&}]%' sm
extending in a spanwi se _direction. 13. The wing in ground effect 'vehicle
of any one gefergle spetcavity befvgen gach lnlseal side of pid dndplater ahdpoater passiofz @ac h

id endpl af; : i .. 15.14. The wi ng i t
vehi cle of SuifshBRREe il GYEREE 248 Hy Ao e Kieo B RRIE ot B liAAE
endpl at e i smmelxetl amtvasd kya tiésidn ianterkiog depth, dpl ane  substantial ly

perpendi cul ar to thFt chord-wi se direction of said endplate. 15. The wing in
ground effect veRReH@osforiEEinating ingieilingeddte wi dth of said nose of each
sai d endpl ate satygfdifSyenend ' Uty §sa; HL.,.: < H..)
8.8V2 8.8V wherein 2 %oselwﬁtlgdteﬁ%gglzzggcce g:%f‘?g%&dtlﬁ%l&f%s%#g%lg?3(?,"959!%6:
desi gn i muidthawt gz thapf 0.866 timenshid eliced ldngth adibardateerpgtdepthf neasipbdtea V =
vehi cl e desj speed. .16. .The wing,in ound effect vehicle of any one of
claims 1, i%&g}yas%ﬁr,ecu%@f@p}gr@%@%h%p%g §%F%‘Q\Hoﬁ?a‘ﬁé@eé’_"lﬁ@ngt h less than
5 timesysaid chond | enghB vahg indRoeASHROVEREE Bf Blalm §PHMeWiS ik R6&! 1 23eh

wi thin 50% of said design inmersion depth from said endplate tip. 17. The
wing in gredfcngplacis viethe Beneptllyefarmeef oftrighgilarsprisnareeitendinghiar 2 ispanwiser

t he | ower Nﬁsgctﬂoo nm of said nose, said nose has an average w dth not
greater t an 006 tinmes said chord | engt h and an average depth, neasured

in a chordwi se 38. di r qbtivifg i0frolal cfe€evdiiclé BANP o8S of thBfs 3210 2RASE,
average width. ' 18. The wing In ground effect vehicle of claim1 wherein
each sai d shapimead forsvagd purfige af eichsaid epdpletedanesntosvrdsseld t9sposi ng si de of
said front portigp, at I : / / / : regi
t her eoflg)and af t g? sai gﬂﬁé@égql} %Eugéﬁgfé?ﬁéeh\?%ﬁgf%gégg‘??gélggﬁgiltjgggggslalf d
super cavi t whemin tdagl upst refaeachi géd afdplated iendptattaliphgat sad dieendphaplant s
yawed with res e.cf1 to saé.d NP .

substantially perpendicular to the chord-wise direction of said endplate.

15. The wing in ground effect vehicle of claim 14, wherein the width of said

nose of each said endplate satisfies the following equation:

2 el < 10( gHL
3.8V 8.8V

wherein h = nose width, g = acceleration due to gravity, H = design immersion
depth of said endplate, L = chord length of endplate, V = vehicle design speed.

16. The wing in ground effect vehicle of any one of claims 1, 10 and 11,
wherein each said supercavity has a length less than 5 times said chord length at

25 substantially all span-wise locations within 50% of said design immersion depth from
said endplate tip.

17. The wing in ground effect vehicle of either of claims 1 and 10 wherein
over the lowermost 1200 mm of said nose, said nose has an average width not greater
than 0.006 times said chord length and an average depth, measured in a chordwise

30  direction, of not greater than 0.83 times said nose average width.
18. The wing in ground effect vehicle of claim 1 wherein each said endplate

is provided with a protrusion on each opposing side of said front portion, at a lower



wat er passing over said endplate, each said protrusion extending in a
span-wi se direction and having a forward face configured to create a

stabi |l i siwmgonsment upon engagi ng said s water, said | owerPe®@UONOIIWI Ng a

| ength in said span-wi se direction at |east equal to said design inmersion
depth of said endplate. 19. The wing in ground effect vehicle of either of

clainms 10 ' g i - S| |\ S f .
means confi %u r%—%]eigagéfdvé%RP%@%%%&%{I%EQ&%%%V%% f)h‘%&\nﬁqg k?itu{r.lé?%ea&(f g}edﬁ%lggac%lél%gnd
an ext endedn plos inpsteampside pfiskit gndpeyte nuhenasaitl emthpdtaieyawsal with respgeigiongidai d
wat er passing outside of said . cavity. 20. The wing |.n ground effect vehicle
of o t hor Btk PAYTAS Ty 5r Cagp e pas pakareRuS o B rditls Hf SR Sise dyisation
The wing i pn@hOHAE agbFRel H8RAHEEA tEblehRa Qibiklial Mot & WMaedei N
each of said pr ot_gasi ons has a é%unrgave. fr(_)nat sdr_flg%e faci ng&ls%l?gc?gl eaél?dng
edge. 16 2wateThwidiaveriregion baes efddngth inseid spjag-voike dingctionat &fastcéquiah shid 10
and 11, . ] sal ndpl at.e 1 s provided wwth a retractabl e | eadi ng
edge devi \é\,gg%g grruglglt%g)rna%%%cﬂ%ﬁa ﬁgﬁﬁg{%d nose, said | eadi ng edge device

bei ng ext endabl e18l ongTagdimy@rers@ideffdceasticlg ofifter of Slainl 80 Wd 08 ivheipund
effect vehicle of any one of clains 1, 10 and 11, 20 wherein said |eading

edge devi c8aHr Sk PROEUNQR Bnipihstiermf & flapnueanstdoafigyabledhetyeene regagtedice

lying in a_pl; i r.pendl e i - Wi S.€: (di {on
of said cROHMEF yGSLARhA L RE R Booikih SIS 3B
clainmsid, idenpakiig saidwatn phssirgamitsidaotsaghelpitat e i s curved i nwards towards
the centre of sajd vehigle at . said 25 |l eading_.and trajling ed nd, at
said tip. 25. Thggwi ng i85 P& ihgrourd %fg‘icﬁygﬁfﬂél%éeﬁ?efgﬁgfaaﬂ%ia%f‘n‘gfgf"%ﬁrem 10
and 11, whgihel Sdatsisfisk-eqdpl ate is tapered in thickness fromsaid root

to said tip. 26. The wing in ground effect vehicle of any one of clainms 1,
10 and 11, wher@din sailtie wirg inigngnnelddfecbyehede bl eithiedofeaiaipisaltOeanids! 8 ahereed. 30

27. The wing,i round effect vehicle of a ne of..cl aj.nms 10 and 11,
wherein eapterdh A At don e SFoPtetta s BRe i edhes «digage- naped
nmenber §s secured 200 a ITAYRfing @ObPIn@fefead €thafld opahi b of bRIEST, 16ahd 11ower
region having a length in saild span-wi se direction at |east equal to a

desi gn i mihsredh cerbiptaid erdpide & enisied mdth ystoerbirdsdimTTsUbiGosbereatss 28,
e v 0, DR L ML P 0 Bl A i, i
edge than wadsagiedge. ’
23. The wing in ground effect vehicle of any one of claims 1, 10 and 11,
20  wherein said leading edge device of each said endplate has a substantially flat front
surface lying in a plane substantially perpendicular to said chord-wise direction of said
endplate.
24, The wing in ground effect vehicle of any one of claims 1, 10 and 11,
wherein each said endplate is curved inwards towards the centre of said vehicle at said
25 leading and trailing edges and at said tip.
25. The wing in ground effect vehicle of any one of claims 1, 10 and 11,
wherein each said endplate is tapered in thickness from said root to said tip.
26. The wing in ground effect vehicle of any one of claims 1, 10 and 11,
wherein said trailing edge of each said endplate is tapered.
30 27. The wing in ground effect vehicle of any one of claims 1, 10 and 11,
wherein each said endplate is provided with a plurality of wedge-shaped members secured

to a lower region of said aft portion thereof, said lower region having a length in said

span-wise direction at least equal to a design immersion depth of said endplate.



| eadi ng edge when viewed in a chord-w se direction. 29. The wing in ground
effect vehicle of any one of clains 1, 10 and 11, 5 wherein each said
endpl at e Wopwease2 portion is provided with a pair of suppoPCT/AUPLCES6HN
opposi ng sides of said endplate and eachﬁ§ecured at a first end thereof to
the respective said wing and at a second end thereof to said endplate

toward said tip.-,30. T 1:0g : i f of ~an ne of
clams 1 10 and 2011, wporond il BrihteLlRaL of 3 Enf of LB 1o 3 11
di spl aceablvéhewdin saidedigtelctip o ehdie said spdpluicvie lodér siadaill wailiggt clwariblsm hheid

respective,said endplate.roqt,. 31. The wing,in ground effect vehicle of
ei t her of &‘fagfnrgsedfﬁ ﬁavweﬁvmg,cépq@-mbsgygqut&nward portion of each said

endpl ate is provided wrh vaneid Bffnd drRENMAISIO0r 98 dne BE QlinS1098.
ext endi ng through the thi ckn%ssgt hereof . 32. Tr?e I\:}I\llq‘ifnaei n ga:l%%r%algf gcltl’

vehi cl esof véigyeinwechosai¢ endmate Torviad aodionlis praddetheithianpanofl sippact sigitedge of

each said endpl.ate.is raked aft. 33. The w in ou ef f.ect, vehi cl.e of
any one of “€F ggll%mf?s T(r)sa faﬂ ate aﬂﬁ&a ﬁecb‘ﬁeiﬁ tlae@g{ f‘lr{j{]g]ﬂbeé’f ‘Pt[}?ar(?ﬁpescﬂm
endpl at e i saldasiag afld hior wasikl @fd théieof RadidgdgeaoRbrd daltrig. espective said
Wi ng at said endplate root. 34. The wing in ground effect vehicle of any

one of claims 1,320 andhawing Dneraped elifert seliplevdpny ehaipl eneeoficlaimstly 48 eabi y
nount ed w tih C .sal i i rti t abl e rai sing of
T e e PR SRR AR A8 WA IR RGBSR,
1, 10 and 3did winpeovedrds thacéspseéiivéd satidgpldplaes rost. nount ed on the respective said

wing tip portion_by fastening nean esigned to detach at_ a predeterm ned
| oad. 25 36. The3&i ng ﬁ"e@fﬂ%w&r@m(iﬁfge%g%pelp@%e}fheaﬁ clays Hi and 19, weherein 10

and 11,  whgheiRvaachieai of g{@géﬁ%gna@_ﬁmg %&Hdanwﬁtﬂeaﬁgﬁgxgg%&%&dw gaiefvi ng

tip portion by explosive b e Wng In grou ect vehicle of
any one of prdtaisimes,lgxtehdingrtbiraugh theshekeess teréafwer porti on of each said

endpl ate is configured.to detach frgm.an u r .30 portiopn.of th
respective said égplpl a_frhe Jpoh 1 ﬁf?é’é‘g eé%"%"‘gﬁ%@@fé?%@ﬁ%ak Icgé‘ﬁsénl_ééfﬂé Hower
portions 38heldi® sl hding AEOBNEhcRishRGEndMBRIiS t&e@bftany one of claims 1, 10
and 11, wherein said fuselage and wing structure forma flying w ng

structure. WO 01587682 Thewingin soosd 4137t vebicle Phenyone of slagme dnd0 effl ddt
Lol o AR AR oy SRR SR 558 ¢
the respective said wing at said endplate root.

34. The wing in ground effect vehicle of any one of claims 1, 10 and 11,

20  wherein each said endplate is retractably mounted with respect to said wing tip portion to
thereby enable raising of said endplate.

35. The wing in ground effect vehicle of any one of claims 1, 10 and 11,
wherein each said endplate is mounted on the respective said wing tip portion by
fastening means designed to detach at a predetermined load.

25 36. The wing in ground effect vehicle of any one of claims 1, 10 and 11,
wherein each said endplate is mounted on the respective said wing tip portion by
explosive bolts.

37. The wing in ground effect vehicle of any one of claims 1, 10 and 11
wherein a lower portion of each said endplate is configured to detach from an upper

30  portion of the respective said endplate upon impact of a predetermined load on said lower
portion.

38. The wing in ground effect vehicle of any one of claims 1, 10 and 11,

wherein said fuselage and wing structure form a flying wing structure.



respective said wingtip portion with a gap therebetween, further wherein a
seal spans said gap between said endplate root and said wingtip portion

towards weouppsr surface of said 5 wingtip portion. PCT/AU01/00564
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39. The wing in ground effect vehicle of any one of claims 1, 10 and 11,

wherein said root of each said endplate is located outboard of and adjacent to the
respective said wingtip portion with a gap therebetween, further wherein a seal spans said

gap between said endplate root and said wingtip portion towards the upper surface of said

5 wingtip portion.



