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(57) Abstract: A wing-in-ground eflecl vehicle has endplates (17) at the ends of wings (3). These extend below [uselage (2) and
are designed for constant submergence during flight over water. The nose of each endplate {17} is designed to generate a supercavity
extending the length of endplate (17) at cruising speed. To facilitate lengthening of the supercavity at lower speeds, protruding
ridges may be provided downstream from each nose. At least the rear portions of endplates (17) are laterally displaceable (eg due to
pivoting around a vertical axis) to avoid damage to endplates {17) by water pressure when the vehicle travels at a yaw angle. This
"weathcreocking” of endplates (17) aligns them with the water Aow and allows them to be narrower.
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Background of the Invention A significant part of the drfg @E) é@ssport
aircraft is made up of induced drag. Flying in ground efF&EOPEE % to the
ground or water can reduce this drag. Nunerous W GS have been devel oped
and flown. Several |arge WG desi gns have been proposed but never built.
These are la summarised in two reports, "Air Cushion Craft Devel opnent
(First Revision)" (DTNSRDC Report 80/012 (4727 revised) January 1980) by
Peter J. Mantle (hereinafter referred td as the Mantle Report), and

(hereinatter ref err ed ol GRAGRAERRER Veliclo WBREndREGS gn o | and
varies so much it is normal to fly WGS over water. is Al existing WGs
fly entirely above the water at tRHieldsfiBin@ntidghe hi ghest wave expected to
be encountered pl a_nmar f et his is b se_of the extrenel
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tolerate inpact with large waves is probably |rrpract|cable 20 The ARPA

Report al so concl udes that thegi dr, ases and t he Power
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there is no Mﬁs&hvetliaenmhpédmdghvmet ween the bottom of the 25 endplate

and the water. The ex egB@H not taken advanta e of t he above
as it has been as%fi]' %ﬁ’(%% Yee e&l&f@%?ﬁ&ﬁ%ee% Ageserdp| at es
t hat \t/voglzd (mnated Imuv epeug dr agusihﬁmt mmm@eloﬁﬁ%t( '(Fﬂst ?ﬁeﬁsh 4’|e ?t
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speed raci ngrecfafeamwa'snme MdHe Kb o)) iafid ¢ Wﬁfésld@e[n%sﬁéh%oh’o ASAHER Rekgth
friction on akeo . %S}J designs are stil| relatlvelythlckthey
woul d i ncur Eoé'??e“r § r?% reﬁ‘?-g%rsfﬁ’?e@%d@tas@etﬁ%%gﬂ@é@} as well as high

dr ag. Consequent | YBechﬂTB@&& he@é]@ﬁfﬁh&%r?efs%o@ﬁﬁhm@ﬁoﬂnﬂl Qﬂﬂjﬂ%b@\e%r &;ﬁfrn the
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reduce the induced dra Typical lift/drag ratios of Russian craft are

around 18: 1 mepct feecep e Wﬁélﬂé’?tmcﬁff%?ft CTWGPsSRﬁPthW ARPA Reppt coretindeq thabpr ove
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probably impracticable.

20 The ARPA Report also concludes that the induced drag increases and the' Power
Augmenied 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



s tonnes (after making changes required to achieve the |onger e set by
the study). As these lifl/drag ratios are no better théhO?Pﬁg%z hi eved by
aircraft it is understandable why W Gs have never been conmercialised. The
W G configuration that has reached the highest |evel of technical maturity
Is the Russian "ekranoplan.” This is described further in the ARPA Report.
A typical 10 exanple of the "ekranoplan; configuration is enbodied in the
Russi an Ol yonok, depicted in Figures 1(a) to 1(c). In this prior art WG
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side for CzeS V&iveerBa $aivetlpart of the fuselage 2 and the water 9. The ability of the endplates 7

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 highspeed.

In a report entitied “Force and Spray Characieristics 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 eﬁdplates



When these endpl ate designs are scaled up to full-scale ’&E Bﬁhe drag
forces on the Barkley design are prohibitively high. TheOFRREH2HYE t om of
three of the Barkley Report 5 designs tested would allow a |arge air gap
and thus cause an increase igPinduged drag. Figures 3(a), 3(b) and 3(c)
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20 length-2’ (610 mm)., Scaled up to a depth of 144" (3.7 m) the dimensions would be:
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 I.W. Moore, including “Conceptual Design Study of Power

25 Augmented Ram Wing-In-Ground Effect Aircraft” (AIAA Paper 78-1466, Los Angeles,
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

30 0,637 (192 mm) and 1.4° (427 mm) for sea states 3 and 4 respectively. The drag force of
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at 0 yaw and 2,296, 000-1bs (10.21 MN) at 10 degrees yaw, equivalent to 88%
and 147%5 of the gross weight of the entire WG (for an PABES2®4 dept h of
only 1.4" (427 mm)). This extrenely high drag is caused by the thick wedge
nose 58 chosen "to assure non- attached flow al ong the endpl ate | ength”
when i npacting every 1/1000 wave crest. The endplates 57 are not designed
for and woul d be conpletely inpracticablg for continuous imersion to the
depth of the wave trough, as the drag would be sufficient to down the is
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Flat Endpl at ?&70} P. I€' As'.‘?xﬁ?ﬁne?etir?aﬂeep %errea to as gne Xs?nl? Report) and “Wind-Tunnel

Investigation of Single and Tandem Low-Aspect-Ratio Wings In Ground Effect”

(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.

S|

Ashill concludes that the induced drag — 0 as /b — /b (where I = distance from
the bottom edge of the wing at the % chord point to the bottom of the endplate, 7 =
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:

Cy = lift coefficient, /D = lift/drag ratio, AR = aspect ratio of the wing, 4 =
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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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

10 WIG with attractive performahce 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 wiﬂg 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:
20 a proximal root,
a distal tip, _
a forward portion including a nose defining a leading edge of said endplate and

terminating in a nose lateral edge on each lateral side of said endplate, said nose being

adapted to generate a cavity extending rearwardly from each said nose lateral edge
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s an aft portion termnating in a trailing edge, wherein at |east part of
said forward portion of each said endplate is |aterally 1Pctebar 58d%h respect
to the respective said wing tip portion and said trailing edge of each
said endplate is laterally displaceable, with respect to the respective
said wing tip portion, by water flow ng over said endplate in use. 10 In
anot her broad formthe present inventiong provides a wing in ground effect
vehi cl e having a fusel age and wing structure with opposing wing tip
portions and ab@aeen th respserjye seid Vdteraltsidecpf erid phdplagsand acdter eudsimp divetgsadownwar dl y
froma respect p\gaf i hetMaPdrd L] low said. .fusel age and w ng
structure for imrfsi 0(51 "n 3%‘% garw 3?#%%&*%8% tgtaﬁ(z%%q}%%?%&é"éggﬁr‘gs&i d
endpl at e havi ngpeed withasaisk endplate immersst in waterdto st dasigrt immerstonfdeprinesaid dqaafidsi on
including a nogg,gel LRbRGifa ' f said endplate and termnating
in a nose |ateral gdd@ onﬁggéﬁ?ﬁ%@gfggggfg%m%f sai d endpl ate, said nose
bei ng adaptied to gén¥tnertionersiasting yn atwilmpddgag rearwardly from each said
nose | ateral edge 2Q;he ' Y id lateral sjde of said
endpl at e and mater_pass?ﬁSQ%%EQFggﬁﬁga%%@Hﬁaﬁgfg?ﬁgﬁ%%?mgﬁkdsf@?ﬁyyaw
condition at sfesdagthupspect toathelrespective daid gimg tipawitign ack widseiling pégdfeichh sai d
endpl ate i mer &g, hfat . [asl QR | hon. depth,..said cavities
fornming a super %&PQ@%E%@&@IS 3‘%’?%%%&%?@%’%56 ,eC%ﬁéalgﬁmﬁglP PROPEi on
t er mi nati ng i nbxawaterdlowing gvee shirendplBe intves. i n sai d nose of each said endplate
i's substantjally fl ' i ntially.perpendicular to
t he chord- vm'ose di reﬁ'?ngﬁgrodfr&anglmgpgg(?%%? %?E@%Eréﬁg%layvlngggﬂc’@gi ﬁgg"“é‘ndpl ate
i s pivotably nsbisledaviagrouselage gidwirte stoutee witlt eppebinggving tip partismand wpaeotdi rect i on
of said endpla id.f [ oL LI f id_end.plate , being
lateral ly fixe %‘?ﬁgééﬁ% e%‘fl’@%?qa% bl %@%%ﬁﬁgf?". naé‘?s%"ﬁ‘rﬁ% B &g Wehicl e
may further copgptidogie betewnaid fuselagaaind wirigystruatwe for dhihérsion inovadr idesingofiigigai d
endpl at es abouf, i i d pivot axes. In an alternate form said
forward portionm% %%%ﬁggﬁ%%ﬁgﬁggkgte is fixed and said aft portion of
each sai d endpl ate #proyimgloeddl | y nount ed about a pivot axis extending in a
span-w sé directionag&mﬁgid endpl ate. AVENDED SHEET | PEAI AU 1 Cct ober 2004
(Y

6a Preferably, said pivot axis of each said endplate is |ocated forward of
t he ' a forward portion including a nose defining a leading edge of said endplate and

1

terminating in a nose lateral edge on each lateral side of said endplate, said nose being
adapted to generate a cavity extending rearwardly from each said nose lateral edge

20 between the respective said lateral side of said endplate and water passing over said
endplate, in use, at a zero yaw condition at speeds up to and including a design cruise
speed with said endplate immersed in water to a design immersion depth, said cavities
forming a supercavity at said design cruise speed, and

an aft portion terminating in a trailing edge,

25 wherein said nose of each said endplate is substantially flat and lies in a plane
substantially perpendicular to the chord-wise direction of said endplate.

Preferably, each said endplate 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 axis.

30 The wing in ground effect vehicle may further comprise means for actively
controlling rotation of said endplates about the respective said pivot axes.

In an alternate form, said forward portion of each said endplate is fixed and said
aft portion of each said endplate is pivotally mounted about a pivot axis extending in a

span-wise direction of said endplate.
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hydrodynam c centre of pressure of said endplate at said design cruise
speed with said endplate inmrersed in water to said dembﬁcoﬁﬁ%?c?Q%n dept h.
Preferably, said pivot axis of each said endplate is |ocated | ess than 0.25
times 5 the chord length of said endplate aft of said | eading edge at a
span-w se position mdway between said endplate root and tip. In another
alternate form said forward portion of gach said endplate is fixed and
said aft portion of each said endplate is laterally. flexible and is
mounted to the respeftetftr&téy sszai wivet @riwaf daghogaidi @ﬁplat&@s Rfcﬁécﬁfcﬁmr&’ of Sl d aft
portion of each, ext en rd of hydr odynam ¢ centre
of pressure of Z‘ﬁgdd{qan?gg né tessgrgl gsa&{ éq &k dg S‘%‘b therchwidngay

endpl ate i mmrsedj)laatenmmns&irmmesasaﬂi ctéagmgmetsrmﬁé;sﬂ on dept h. Preferably, said

aft portion of each id.en ate ha 0.75
tinmes the chord | engﬁ?ﬁergﬁ’ SS%.I BV gfaCh 3 “P%gglﬁtﬁr‘f l‘ﬁ%@’i“? ?git“ﬁ’i’sdway

bet ween sai & itle cbord fringth of saicendpmeatt of paid lemtigdidve n shnoad pbafidn hibwayPr esent
invention provigdes naSin“er? 1a{eroog %l{nd effect vehicle having a fuselage and
W ng structure Wlteh V\nngtlp portions and a pair of
supercavitating endpih atc@sr @tamhe Eaxrh osnid iforgard pavtivveof dicyt sfid eddiplate ieHpReedd ve sai d
wing tip AVEN g{—@; t obe orti 0 bel ow said
fusel age and ﬁd S ra;éltolkjg%ﬁ%wen% glsqgerﬁly%ﬁexé}ﬁfm er tfi?iido%'hlelreﬁﬁetmve

t her eover, eaclsai @r\@hrtbmtmnate having: a proximal foot, a distal tip, s a

forward portjon incl 0S€ f|nn a_l.eadi ed pted to
generate a Iisuper cavﬁ%%%g‘f\?s\ggn&e on| a ﬁglsald egp%? ‘5{?‘% @H‘fquaél &eand wat er
passi ng over sbmr@ﬂyemlpbmtre of prmsmsef saiit endplate ptosaidalasigrodidibd dpedd with @iddesi gn
crui se speed w iirHTg' rsed in r to a design imersion
depth, . an aft ﬁ%la&%e Jgglgnh%gr%%ab lestan ersmpﬁﬁ)g edge, and 10 a protrusion
on each opposing si defuiblys sdidlafl potidn gieachisaid endplatechal @vieird leagh onattituer eof  and
aft of said no i out si de of. sai.d supercavity,
on the upstregzs gfﬂg e glgg‘%ngﬂe%dlengﬁﬁﬁgﬁgagalﬁpgﬁt&ﬂln?;{fl‘@a YiPEg with
respect to sai dndn@teemotar}dasam ng over said endpl ate and/or on both sides of
sai d endpl ate when nd sai d desi |nner5|on
depth, each said pr§ !?J%tshlggﬁgecal‘%a gus-: rji)resglpe nven%on Hr0¥1ges a wing mn groundeifect

" vehicle having a fuselage and wing structure with opposmg wing tip portions and a pair of

supercavitating endplates each extending downwardly from a respective said wing tip
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15 wise direction and having a face configured to create a stabilising
noment upon engaging said water, said | ower region havinhgcqbeetldh in said
span-wi se direction at |east equal to said design imrersion depth of said
endplate. In yet another broad formthe present invention provides a w ng
in ground effect vehicle having a wing structure with opposing wing tip
portions and a pair of 20 supercavitating endpl ates each extendi ng
downwardly froma respective said wing tip portion to bel ow said fusel age

and wi ng st rucpatia tboelow e fistian dnd Wil Bcteh firBmblkid i wabtREOWRR, €ach

said endpl ate L Ng:;.. ¢ 0Xl root, a distal tip, -25 a forward portion
i ncluding a no@%%gfsaﬁﬁﬁagge )é?l%gh‘ivﬂ’&' edge and adapted to generate a

supercavity bet weenaemgimalradéter al si de of said endpl ate and water passing

over said endpl ate, Jin use, at a zero yaw condition at a design cruise
speed with said endpfjat?ep’irrrrersed in water to a design inmersion depth,
and an aft portion béomwadaiortiog ihdludingt 4 abski dGNiR0G8adBP iRl Mapt@VRY t he

| ower nost 1200 e%patgf sai d .Qq}?e sai.d noge h(%s ,gn average w dth not greater
than 0.006 ti nES 8% EIAYY PR Keblatrehsidess soid gripigie sph Wetprnsstingetyen n a
chordw se dir esid endplatgfin mefat guedlyw cdnbifitn &.28@sidn (MBS Hakd i QSHE cRipRfage

wi dt h. The nose ofsegach Sﬁi d, end Iatﬁwgg%hbe in the general formof a
triangul ar pri SHCEXPIRET gadie?’ng“efg@’ﬁﬁ 'di rection. AVENDED SHEET

| PEANAI | 1 October 20d¥poBioRrerhinstmblinys traflp digecinwvar d porti on of each said
endpl ate tapers towar i eferred enbodi nent, said nose

] ’%F Sal d r&gse. . 0y tq?e.clof_:El ¢ é

of each sai'd endpl af BOTEQIREICE RRROHPS Sderf sid TQrhPqriiqDsatiafower ppigp thereo

substanti al | y pergfiesfciaitiudoss, foroendptnschnerthawingcouthide & tshio Ruptca®ial, dn eipdp! at e.

Preferably, the vaiadt hdeOJ sslgli d p%s * of .ga&p %ai d endplate satisfies the

following 5 eMIAePoite ofispid snqplarymyaid eaglplglyss yavieg EUIEsPeqhfiniaid Watlf = nose

width, g = accpssugdvensidkndplite agVa\intbyth sidesofthaili pliwrmBérsia@rendsl@ptish of said
endplate, L = choersd heen h. gf .endpl at e, \t{b: veh(% cle desi gr% speed.

Preferably, eallFe&st aveNsar 5%%‘?{%’19‘3"3“&% PRSP Frid rRusion SFedling iR aspatai d chor d

length 0 @t wisbditeatitiniaad hayingh facs paifigmidsie clei Abthtiliing Wolahtup&df@fings ai d

design i mrer si Al \ga?g,t sgidflg“%pregion having a length in said span-wise direction at least equal to
said design immersion depth of said endplate.

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.
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said endplate tip. Preferably, over the | owernost 1200 nm of said nose,

sai d nose has an average width not greater than 0.006 t1®e®bsa?@P4chord

| engt h and an average depth, neasured in a chordw se direction, of not
greater than 0.83 times said nose average width. is Each said endpl ate may
be provided with a protrusion on each opposing side of said front portion,
at a lower region thereof and aft of saig nose, for engaging water passing
outside of said supercavity on the upstream side of said endpl ate when said
endpl ate is yawed wifrdieratds pridiorwagd podiod ofvatiessideadpitatgpepverardsanid needpl at e
and/ or on both sid | pl.at e: id.en te | s i.mmersed
beyond said desi ('gn ?m%gﬁgﬁg@%@h%d\é@%@% al%?%geﬂﬁésl S(HhSt ‘{‘Téf tng in a
span-wi se di r e@td liga incamdanh substangially femerdicubotftieghore avie direxiendfaaid esiprii | i si ng
nonent upon engagi n I t J: regi o havi ngth in said
span-wi se directi an?t?&%bglé\g? ‘ggtﬁ‘é’f?‘l‘%n‘;é‘g?ﬁ&a‘égﬁ%g%%‘?}ﬁﬁ?éﬁ%ﬁged{sg? "8 of said
endpl at e. Eadgcheglieh: protrusion may be in the formof a flap neans
configurable between a 2s retracted position within said endplate and an

ext ended position protrudi ng beyo sai d e[‘udﬁt te for engaging said water
Agﬁ%: I
i@. A\t )

passi ng outside of said cavity, pat x\ve ach said protrusion is
fi xed. Preferably, each of said pgr%{rusi ons a concave front surface
facing said |eading edge. 30 Each said endplate may be provided with a

retractabl e | eading vﬁﬂ_@ﬁ iebends6 Gidaf ¢ GloGekon Wiedd il AR Slsthn IS0 Al
eadi ng edge devic i ext endapl e al.ong and over ~ sai eadl ng edge.
AVENDED SHEET  HSERSAE Py o 1o e eNDEreY soshde depigrfRgPabl y, sai d

I eadi ng edge devi ce Pafferstg Bach Sdidlsupietinglad 2 AGh RosSSS @MsisAl bnord fedtn f 1 ont
surface lying in A e . substantially, endi cular to said chord-w se

, er : I 1 A
direction of &&¢F aﬂg‘g’ﬁﬁﬁ@ﬁb"rﬁ?"' pPBHOPS ,méﬁ%*wféaéé#%wwﬁ%@whcfmed
i nwar ds t owar dsaid fidplelep.r € of said 5 vehicle at said tip. Preferably, each
said endplate is tagere% in tgli ccgkness fromsaid root fo said tip.
Preferably, said trafsany- 8t e dywemacsh 200 mon ofiseid paseesaidgiosede ped¥eragich sai d
endpl at e ‘may bevidi o peget thnt0lb0a tiRbs\khia lchdry lefdth MRGH Gvetdpa R&Hh, TREBRI S 2

chordwise direction, of not greater than 0.83 times said nose average width.

15 Each said endplate may be provided with a protrusion on each opposing side of
said front portion, at a lower region thercof 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 and/or on both
sides of said endplate when said endplate is immersed beyond said design immersion

20 depth, each said protrusion extending in a span-wise direction and having a 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.

Each said protrusion may be in the form of a flap means configurable between a

25 retracted position within said endplate and an extended position protruding beyond said
endplate for engaging said water passing outside of said cavity,

Alternatively, each said protrusion is fixed.
Preferably, cach of said protrusions has a concave front surface facing said
leading edge.

30 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

said leading edge.
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secured to a lower region of said aft portion thereof, said | ower region
having a length in 10 said span-wi se direction at |east! @gaaer 2094a desi gn
i mrersi on depth of said endplate. Said distal tip of each said endpl ate may
be lower at said trailing edge than at said |eading edge when viewed in a
chor d-w se wiooegks2on. Each said endplate forward portion nmay be provi ded
with a pair of support struts on opposigg sides of said endplate and each
secured at a first end thereof to the reSpective is said wing and at a

second end ther eof ptRr38), gmﬁﬁ@tﬁn@é@e tdlewger & 3@l gid:)ég:ﬁ?laitg %‘3{ ﬁ LidQan§ 3P sald

support strut first end’is displaceable wth respec he respective

sai d wing t ofarErtasrlyingdp e piane substantallypemeadiculaiotsaid Rharevissh liysctiomiofi
forward portigaeqfpifach said endplate is provided with apertures, forward
of said protrusions, extending through the thickness thereof. 20 Said

| eadi ng edge of edlmferhlyd caghdgrich eedpdly i eurverdk exwvaedst towBds dhd esuliencf withe of
each sai dsenggl; . pe | ocated forward of the | eading edge of the
respecti ve.sg?{éa\%\nan%ﬁ?tpbsai d endpl ate root. Each said endplate may be
retractably nmount eRfefgrably, pash paid endplatesiaitapenasl igthickness foan saidroot o satiaipeby

enabl e raising of i : I ach sajd endplate is
mounted on the r es%gfgﬁbgggag%?%ﬁn\ﬂ %‘g‘* ?fegi&g%a?f{)?n\élﬂlat%&/ta?eé% eni ng neans
desi gned to det achEash saidsndpdhi¢ eayrbe erbvided ovithBaginalétpiofl wedstpdhapedl maybdae

nmount ed on t j [ i i orti.on.hby expl osive holts.,

Al ternativel 5@“%8?%%&6\52%?@@2%}?%@ éﬁgg 1°gF° r?&lsﬁ%‘?eér?é‘ipo%gm@cﬁ#’f‘ fed to
detach 30 f saidsran-wigpdirecimra lcast cgfal tdvedesign remtsdsioe dgah of saiicdiplipibie, upon

i npact of a predet i .10 on.sai.d |l ower _portion. The fusel age and
wing structure nayseai%qrﬂ%ﬁgh# P@%ﬁﬁs dr?ﬁdlg?t? i J’Fﬁ‘.’w%eﬁ? am?lgrﬁmgfea%eag%“%iq
endpl at e naysdiklehdinpednd wieh bieaedlinef charidwiselfieeest. to the respective said
W ngtip portion with, a.ga her ebetween, further, wherein a seal spans said
1 October 2004 mo%f?éa}gﬁ‘%f’%& fr"’g';“éaﬁ& RO Ry éﬁpra‘f@%wt%ﬂemr UDROTHSIEYS ¢

W ngtip portémopgosingsidss dilseid epditite sid dadicc@td st filst oill H@tdoPtoRfE Hdspuetivdr | ef

Descriptiion of . the Draw ngs ,Preferred fqr of the present invention wll
now be dé%crf%%ﬁuﬁf“&?\é&ﬂ%?md@&ﬁ%f@ Wﬁfﬂ%@?@%@é&‘dﬁ@' t he acconpanyi ng

drawi ngs, WhBregirably, Feh@iisatl shppeit siruk FigddlenisQNsplac Bl iBWeSHecPioRhd Rfspedfite
Russian Ol yomé)k.WG . .
said wing towards the respective said endplate root.

Preferably, said forward portion of each said endpiate 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



Figure 1(b) is a side elevation view of the WG of Figure 1(a). Figure 1(c)
is aplan view of the WG of Figure 1(a). Figure 2(a) is!@c®peel®idevation
view of an endplate of the WG of Figure 1(a). 10 Figure 2(b) is a cross
sectional plan view of the endplate of Figure 2(a). Figure 3(a) is a side
el evati on Wew/&ks2a prior art endplate according to the Barkley Report.
Figure 3(b) is a cross sectional plan vi of the endplate of Figure 3(a).
Figure 3(c) is an enlarged fragnentary cross sectional plan view of the
endpl ate 15 gap bétnger! Ridkindplate b Wh@ sd Ringhis péribs Vi agﬁy a
prior art endgl ate accor di?\g to Model Nogi.;lﬁﬁ of {t%%d%gl%kﬂ%i}/ epc?‘r%\ty.sg{ii gure
4(b) is an i %n 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 BriefDedckipfoR R MEDARFREE Ng to the More
Report. Figure 5(b) is i nverse plan yiew of the endplate of Figure 5(a).
Figure 5(c) is a s @.gerrgélg" § G{la\?l &WeBtf inyvpriiog Wbl Bave bsf deseripgd dysway of Fi gur e
6(a) is asfrerimslt ewdidfeBneti@itie @bcomplymPGemhed, Rlele. @ preferred 25

enbodi nent of the present invention. Figure 6(b) is a side elevation view

of the WG of Fi guFiguke(idy a frofticfvhortii&y of Sprivr B RissidniRhol WegW G of Figure
6(a). Figure 7(a) 'gls a moss. e(it'i 8nal.‘gl ﬁ%ﬁ\@} w of an ‘endplate of the WG
of Figure 6(a). 3DBEed )éswﬁi%e?v§ P YPYGhERL fhigus 1@ evati on vi ew of
the endpl ate of Fi Bigme 1% &)a plaiviewdf te SVIG sfFRguSIB)ct ure. Figure 7(c) is a
side el evation view of e. endplate and w.ng structyr igure 7(b). 1
Cct ober 2004 WD 01;9!%&;@ P *%gﬁﬂ?véu‘%“(‘ﬂiw&mheﬂﬁﬁ%@ﬁ%ﬁ?%&%&ﬂe §@kti onal

pl an vi ewoof the aFigup@(t)inncrads stdtional phapicat & tf enkpigterof Fiua)2(a)Fi gure 8 i's
an enl ar ged fragrrelg

Figure 7(a). s Fi gui%%f%g@g@ Zas ?i %é%% %glrv'&l& (r%g §\s/1;r§°\g@?{ %P:ﬁlgﬁ‘teg?cg Idggg%o%? a
flat nosed eddpilest Report.

Figure 3(b) is a cross sectional plan view of the endplate of Figure 3(a).

Figure 3(c) is an enlarged fragmentary cross sectional plan view of the endplate
15 of Figure 3(a).

Figure 4(a) is a front elevation view of a priof 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(5).
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).



depicting drag forces in a yaw condition. Figure 10 is a fragnentary cross
sectional plan view of a round nosed endpl ate depicting! @ciggefrdNtes in a
yaw condition. Figure 11 is a graph depicting drag versus speed for fully
wetted and 10 supercavitating endplates. Figure 12(a) is a fragnentary
front el evaW0ons8Ms2ew of an endpl ate according to a preferred enbodi nent of
the present invention. Figure 12(b) is a,Lross sectional plan view of the
endpl ate of Figure 12(a) taken at section AA. ,15 Figure 12(c) is a cross
sectional plan vi eﬁl' of ,} e. endplate of Figure 12(a) taken at section BB.
Figure 12(d) is a 3 engrL FTogs Seiesal Rlfre viewdsithe oft pertipn gfithe 12( a)
taken at sechiplae ofFighiegene 12(e) is a fragmentary cross sectional plan

vi ew of the forvvar%gﬁ*oer ion g%ﬂgé various endplates. Figure 13 is a
schematic plan vie BSEpEREEC %’&ﬁﬁnﬁ’f@’y cpasy Srctonpy plea vieweefdhesensplate ofnal

pl an vi ew of Hifpee 7@hdpl ate of Figure 12(a) generating a |eading edge
cavity. Figure 15( 1 Spa fragnentary front el evation yiew of an endpl ate
and adj acént 25 V\nﬁggcs F%Et%%?emyh&gﬁpﬁﬁtf@%ﬁ%&m P%lﬁtﬁgé ngssdppdplate s de
el evati on vi alapiofing dreg fonetpinat yawodonHitignr e 15(a). Figure 16(a) is a side

el evation vi ew of plate with a | eading.edge.device. Figure 16(b) is
a fragmentary cr osg&g‘%c%i 1(S)%a aEpy %tﬁryv?r%%s?ﬁuogﬂé’?agnvdﬂ}’éi 2 Tondmegidrendalaie ) |

30 Fi gure 17(dspiciing drag fosgsriret yawyeonditios. secti onal plan view of an endpl ate
with flaps. Figuregl/Z{b)i: i de .el.evation vi ew of | at e, of _Fi gure
17(a). Figure 18(a§13g!£1(§3 glflgaagré%‘?lardg e sgIage‘é??uSnﬂﬂe“qugﬁef&gg\Weng #md

endpl at e Wi t upercapitsting epdpdatesusi on. Figure 18 (b) is a side elevation view

of Lhe endpl ate of piiiiagy 1 Rlembnif uohEn 2R84 Y001 B892, 42, Eiqure

19(a) is a cross section vation Vi ew an én a
structure, t ®kdeiredrembodiment ofithq pressat inveakion.f or war d of the pivot axis. Figure

19(b) is a fragmenkgi 19[H3Ss So6d dfihi Slﬁrpﬁgw%k'ﬁa\éaeﬁlhﬁﬁe\ék%}gu&f 12t(arﬁaken

structure .
at section AA.

5 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(e) 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(2) 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).



of 19(a) taken at a section aft of the pivot axis. 5 Figure 19(03 is a
cross sectional side elevation view of part of the struch8febef2008i gure
19(b). Figure 20(a) is a plan view of a flying wing according to a
preferred enbodi nent of the present invention. Figure 20(b) is a front

el evati on vwowi/8fsx he flying wing of Figure 20(a). 10 Figure 20(c) is a
side elevation view of the flying w ng oflei gure 20(a). Figure 21(a) is a
front elevation view of an alternate flyihg wing. Figure 21(b) is a side

el evation view of Fherd LB Aerols Hotibtlag Wolt ddaBdn vidvOYF §n 2 idiate Q@I?gﬂl ar ged
e

fragmentary cross sectional plan view of a nose of an alternat pl at e.
15 Detai |l ed [EeHsepiekenpt g pectinn ipmediaely Sorwesdiod therpivot axissi gur es 6(a) t hr ough

6(c) depi ot a wi ngFighreopsyich Shédétary BB LGiRAGRAILBREE Ry PRGN _
enbodi nent of thé glrkesent invention.” The wng in ground effect vehicle is
provi ded wi t FPEdayteksngje sectignattef g pivetadis ure 3 with opposing wing tip

portions. A pair g , [Hale D) i t bott om
O i Stai 11 Lo, | canmes ash sBORl o8 LR AL T3S of B ture 2

downwar dl y f rigesrehdB) at e bul kheads 34 at the wingtip portions to bel ow the
fusel age 2 and w ng, structure 3. This enables the endplates 17 to be

i mersed in water PBUEAH(é g rlpyrewrehe fEsg singascardipe tq epreferredembodimétt b)

whi | st keepi nFthe}@esehtiseh@ge 2 and wing structure 3 airborne. In flight,
the endplates will _typically be slightly submerged bel ow the surface 9 of
the water 26 even Fﬁ%@%l‘%ﬁl@?f“f@" fonyyipyeaf therflyiggswing of Eieuwg 206)-phant om i n

Figure 6(l). As thBigard29(d)@ Ddide JSRHIGLHWPBFhE hin hﬁﬁgaam%p@é&a).of the

endpl ates 17 and tEe t1 .26_the induced drag of the WG is reduced,

t hereby increasing lgPTv‘lr@ &stta/%?%le‘r%opammo %gltwa@ﬂmegmgm ain the

endpl at es i mer sedFigﬁretjl'(tgis(@ﬂcﬂhﬁeﬂevaﬁ@ﬂﬂbﬁ@ﬁth&hﬁinh@@ﬁﬂ AFigHge A0 of the
endpl ates 17 to pe . t he wav to the he t he waves 21. Wth

etrat.e 21 i.gh f
prior art endpl at eEI ?@mleﬂlaf‘%?g%ag@%%é?ﬁfﬁﬁqc gffﬁi Qﬁmd’ﬂ%o%ﬁﬂ?%r"faﬁo
di ver gence praitinetrendpfate.endpl ate 17 according to the preferred enbodi nent
is depictied in plan, front elevation and side views in Figures 7(a) though
7(c). Theusf orward portDefaild@ Defscription of tpd Rtefeirad Bmiesdimemese 28 defi ning

B L M R i
Cct ober 2004 préeifetl BaidinchB of Weet preseRbinmibritioh. (ks seing Gy grovhibl effeiidphilesis 17 i n
use when | mw%';:osv?&d v;r1 ! & ﬁigtﬁggietyan%Swiing structure 3 with opposing wing tip portions. 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 Iift/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



open to the surface of the water, and is accordingly ventilated by air from
above the water surface 9. The nose 28 is configured suchePhen200¢ s
supercavitating when at a zero yaw condition (zero yaw with respect to
water flow) at the design cruise speed with the 5 endplate imrersed in

wat er to thwodwesissen | mmersi on depth. A supercavity 25 is thus generated,
being a cavity fornmed extendi ng aft over 4 he | ength of, and thereby
.encapsul ating, the endplate. As there is no contact between the sides of
the endpl at e vadid 26WatieH paesOdiics tdCn@flatt 19 if AY Wien Ink}ﬁérﬁed?fﬁﬁd"%vit% g3 onal
drag forces or divergent sjde forces between the water 26 and the endpl ate

17. I'n the cORERipHh #r & the,weips ardiis pesardinglyeventileted by aissfroayebovrithe weter
substanti al | ywuih@ oenttierRsd eOH nffubd Gick 5 Iktfl.té @u&)e&HﬁB&l}ﬁﬁ%%&gattahﬁr& {'z?vbl ing

edge still defines a supercavity. The pr rag supercavitating
endpl at e 17 i€ ERIa gavavithoresprst & watepflowhet theadesigy cplse Jeedhiwithrthse t he

profile drag ehﬂkﬂat@ﬁiﬁ%ﬂe%&&inlzvaéﬂwhaghd%ﬁgﬁ’g%iugktgigx ]r_ig&hge% s@ftcdlyiy S4eNplbal the

cavity 25 is not nmuch larger than the énd A em-then arfses
that 15 when gep@atedobsing @& savityx fumed rextending wifigevéri theniengthgbh anfl themsbyt he

aft portion 24 j AF | S hat, .t h ter
26 i npacts onzﬁaﬁgﬁ%t%n? fe%ggg‘?ﬁé%éézééggetl%]3%%%3%?%#2&&% gﬁﬁi Og ﬂ%vﬁ ﬁn?pl%)tp %ﬂ%ﬁe a
| arge si de f avaes 26 uisisie of hetqawitynthereiare oé frictionad dohg| faitces or divesgeht sidegforaes t he
endpl at e needj i ' Sy f.Gj [ ural..st.rengt h..t o
sustain thesgjle?%ﬁ%glse%{' ?25% %gsu %ﬁsdbﬁ\e fg(cﬁéggﬁe%%l f’ﬁ%ﬁ(sllg%ﬁcaﬁ?lbia a@’r%pl ate
struct ure® sustending @@ sHwatidly theentipr lewgth efithe edfiblates butwettingahe teatiing edgaent

for thick en in large drag forces, such that no real drag
reducti on be(r%g ?%fﬁl}%gséggﬁ%%@gj Di spl acement of the aft portion 27 of the

cavity 25 under yalhesprofiletdimptofialseperayitating 26iptate K4 id ropbriiohs tethy kiky oXhe
| npacts on t . pl-at e. | eads, t,0 frict.i r etween.the, endpl ate
17 and the V\ggvel 5. Iﬁe aggiﬂﬁ pé%@? dxcﬁgat%f i fé{r%rlgc?%%ﬂgﬁc‘ioﬁcén%p%?es%wg-
contacts 25 stéhshatfite qawityt 25is n2Bmudh lorger thamdind axidplaien1dr @aneislemiteh atitee tigk de
force on fhe | a .iJhese proble are qvercomne in_.preferre
enbodi meh[ss 3’?‘ Qgﬁ%e épnl'%glégenp FW@?#F%% sl c@tt)ﬁf‘éi&ﬁf fYo ?‘ﬁ@ﬁé’r‘fffﬁf’aﬁ’]e&stﬁﬁh t hat
the trailing cedyes5agillafiotehte onndift ad tatlife ivatet 26 Mipakds on i SPpaseeds 6 et h
respect to the,w.ng-.tip. portion by water flow ng over the endplate, whilst
at |east par ten%lmt? %7e ?ﬁ’tﬁvﬁ?‘]&’rﬁ ¥3ﬂg%?‘det EeCHGihF apregs side qr%éﬁee‘?“élﬂa?:f i xed.
This 30 provirehehing ineld Bieiptae kecdfpethe dosighed Wah swRltnt Beucti phadgh tends to
yaw, water pas%i.ng1 over the en gl.ate on the u&g}tre m sj de will inpart a
si de force offi*tHe 8??0%7‘"‘3?@ iies rnf?’i?ﬁss“’élyb%ﬁ‘é rgierrdpiate SERGITSEIUCRAE h t he
wat er 26 nut shadeobrhe plier 4B VTHe/stAburalliegitaathnBr ik dntpldel Mtsqﬂmg&%agf the
endpl at e towq.rd theha%?tre o%vthg c,av'b%% 25, al igni ng the endpl ate aft
portion 27 w it Y& B epkitee redestion periefitis achieyad.
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. '



In the preferred enbodi nent of the present invention, the |ateral

di spl acement of the trailing edge 22 is provided by pivot@eloperdifitt i ng t he
endpl ate 17 about a pivot axis P extending in a span-w se direction of the
endpl ate. The forward portion of the endplate is accordingly laterally
fixed at the pivot axis P, allowing the endplate to pivot in the same s
manner as a weat hervane. The endpl ate piyot axis P should be |ocated
forward of the hydrodynam c centre of pressure of the endplate at design

gondihti onshof hdesi ?Jrindkm're&ﬁecs@ﬂfbdimw;olﬂthbbﬁseﬂﬂiﬂ%@én,eth? laf¥rRR B Ierhéht@f desi ]9”
epth, witht i.nf.l ow at.,an_an Q w. The post forwar | ocation o
thg centre of S*#ee“sa%ﬁ gd%'tz? f* p&o&dgﬁk gW%%%S'HBO‘Q%&DQHQPI?%W LR dgH ot &iet t he
i 0 entire endplPatendi ih e sghvise slidtiod dfalte AGLEAVIHE Yorked SRR AtRdndpkRr thi s
fully wetted (%Sparédiﬂ%i o, tEe cgn{t%e,ofagr esme Wil | ene,ral_l¥ al ways be
further aft than I8 PigRly Pivd at topivor aps alsting thesadplate tapivolg thesancendpl at e
| eadi ng edge 2Ghafpasddveuthardny. i f the aft portion of the endplate is

| onger, and accordingly nore, deeply i rsed, .than the forward portion of
t he endpl ate). Acco?[g‘? plte pfvo *ﬁ@ %P%%eé%a?d fawyrd pl b bydepdynapecemssi nt ,  at
say 0.2 tines bhgredsreohtit ehdplaiegt desigh torditiodslv? dbspadiuig sRd@Rit IBenBREP! ate 17
w || weat hervane_ at aLIPI gee ) anc{11 V\A|§h not be su?j ected to | arge side

| oads due to ydWRSTE P ASesiyfipy &1t thej iatloys &t arempele OF g Thymasttfriel wi | |
thus be no causeatioarof dievet@easl pessumheill picdd tvhanihe siRed RULW edlubietoadtigeel y be

| ocated aft of tthe h%, Eo?y?arwthc centre of .@r.essure for sope, flight

condi tions i FOISCTEH %t 'PHS %ﬁlagfraéfla AHBLE gereish: | aer s Rilereledact i vel y
control | ed by fbridgit, thorehtteodf peesduteatiti igdneral) alRais iR fudhbedt RavE2d M@t i r e
endpl ate 17 pivo bout, . t iyot axi.s, P, a | ternative solution would be
to IElave t he 1? rgﬁ‘{plageﬁﬁ?r?beﬂggf‘g f’%ge @ﬁéﬁ? Q?dé“gf’gg?%%@"d“c& By e aﬁﬂ’f’m"‘b‘éfrti on

p} votably mou Pmdnmdts lldn@e, #itl veordinglysmdre deffly aﬂnftbeﬁ,&hﬁ&'fx]é M?N&@p@iidﬁOI! ng tpe
aft portion o e te, . .or e entire _ endplate, the front portion o
t he endpl ate c8t'1ﬁlﬁer§@atﬁ' %@‘é?rwg([%}f?’ﬁ@vﬁtfaf“sﬁcf? r?fg’fs PPiffoat saye). StmRs It o
lateral |y fbsexichdreleagiblafirofené Ratlidgoedid) heendhitial Tewill orewBérchnp @ 41l Peeds hdd t he
endpl ate’ aft por

i is. flexible, th ower i rsed region of the endpl ate
aft portion iswéliﬂmglg? %I%Jemﬁfééargessbq?é%ﬁ%‘%‘fe W Eh {eﬁ'&‘@lﬂedg i§ Sumse %8 t he
endpl ate 17 t oripidehesawill tihe ¢ eecans: fof divergewS Thé pivdtlaxis Orcowd hlkeativelyodeat i Ng t he
endpl ate at al #‘1‘5 T(pi t.ends to align the

S ...gi ving' endplate aft  portion
Wi th the wat er 1o <L AT BT Spamic SntieotPrruls 16h o e Abriensi ot He
resul ting dragithe3fiphteabfiut e pitotarid plataaivaly cadusledbs @ishi dostrdd kadiaggh, ener gy to
realign itself when the angle of yaw i ecreased. In enbodi pents where
flexibility of the §ﬁ§‘8| @F‘glh%?’fet&%&?‘iff &Hi%“’g“' iﬁtﬁ“’f’&?‘g}’m :t]@ll?“é‘ﬁ B IP,an
relieving sidealfeomate; solution veoupiirte fieliavethe frb@tpordibn dfaleshdgldiet 7afxed #a%eaft t he

2@%ﬂt)gtt)esil—lsEETf lpﬁ)fi: bl.@ablye&%tggab%&tﬁe%ﬁo aleXiSfP(.)rvvard 25% of the endplate fixed.

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 endpiate
aft portion is flexible, the lower immersed region of the endplate aft portion is able to
‘giye’ 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 resulting 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.

AMENDED SHEET
PEA/AY



1 October 2004 WO 01/87682 15 The increased water pressure at depth
produces a narrower cavity 25 at greater depths, which regeiopes20®4t hi nner
endpl ate. Tapering the endplates 17 fromthe root 33 to the tip 19 hel ps
achieve the desired flexibility of the aft portion of the endplate

menti oned WBOV¥682The | eadi ng edge 20 of the endplate 17 can be vertical or
raked aft (depicted in s phantomas a raked |eading edge 20A in Figure
7(c)) to lower the spray angle and increase the stability of the |eading

edge. There is a prigsidiessed iviatee pRoduratht REHVREMcEIE nhAthiRE 8hk 2is nd
outward faci g ‘ sipgl}e surfaces of the engEI ates 17 caused byt¥l i ;h\tf\%%}\egr at ed

by the wing o Tgquities 2 fhinner ppdplate. ckaperingthe grdplatesd 7diempihe reos 33rte
curved i nwar ¢ tpoMweietbstabidewand dei ity ekl - i L NG
trailing edges 20 Zdﬁbsaénde t thelrgl%%ox@tﬂg%ﬁi% a%fhﬁg?ﬁﬂg%?%%ﬁ%‘g
endpl ate af t 2P%5r 156 led gngrfga%w pltie sndplale 14 6anbe wrsticahboralsed afhélepinttglimt es 17
are al so tsapehmghmh Qway gkt | TR P ' a

pg ehl J‘@eadb@%‘dé??%ﬁ"iﬂ Hig@k A9 1§ daRs tﬁegfprﬁgn%\!h g%? 2 .

snmooth sea and no wind the WGis wn at a herght so t

tips 19 are gt ths stebiliiofiedeadinerde®e 9 of the water 26. Gravity causes
the base of the Ifhg.&a\ d¥esi@ dif £ | the
trailing edge 22. Thé en SI Sgte tfir%?u%lQ&?rm’a%/eHg%é %%gdpl)lg?mgiggt%ﬁ%%@%dli?’ﬁagedge
22 than the Fidadufgecelyibe sudnlateschinensed dydift aensragsdfiycthe winghstrutthmt 3.t ftds | ower
regi on of thgyabie ty 0] ahi‘yﬁy bp cgntact., w th
the water than_Et ﬁégﬁﬁcﬁhﬁg?}e&%&é]@ﬁs%‘?%@%ﬁ%r po@??%ﬁsoﬁjﬁ? Edv Ay he
hydr odynalfti cleading ped tratingedess 2 82 fug ot Wesrendplatedip 19hpariiulealy ifike endplasoatt hat

t he endpl at eydifiaP! i | 4t ter flow As depicted
i F Qures. TTepoRlsiAl AR BRI BG 18 epdlldr SEHE pbrtoniRUBEL | £
of wedge- sha grenfbleaiingd@gesdh?Bd to a | ower region of the aft portion 23

f th dplate t 1S, A late |s,i dtp.th
gesi gnei (ranr]refs.?oﬁ eptaﬁio%géﬁaglg\é@g&@%Q@scgliggﬁwﬁﬁga b\%%litﬁgi%g@ € P&E? Fi si ng
ef fect when tipselard slightlysbelov 6 sarfae Qudf] the vatep 26.n Ciravitg icagesy/thebaggdfaie Whi ch

may occur, Wi R . | ] e ctd on | s..causes the back part
27yof the scaézﬁt#/' ?@g@{%&%ege@ﬁ gci’ g@lot the g'fﬂﬁilélg g%geﬁ?a,f[bf ﬁﬁgp‘?ﬂf\%{i@rl W@éc? s on
t hg }Ne;jgei 7312@ dépperss tbettg’fisg 8Re QR rtlamt the tmd@r@teégq :g)/\&)exﬁdfe]gmettbi@ eﬁféffﬁsu@ﬁ dt he
endpl at e : i ercavity. si deways farce on the wedges
produced by %EI sgg:og#\e?é Onvm&ﬁlﬁes#ﬁ Or&%ﬁ %ﬁﬁ%ﬂgﬁtW@Qxfnﬂ? 1B feRict it the
around t he pivetet thdothelpwerRefian off thefoewart pertidh! TRBmidvedihe ﬁy&rb?@@&nﬁr&éﬁﬂnlﬁt e
enmbodi nents .t f i ble.aft. porti.on o that e end te 17 aligns
itsel f agai nwﬁr%%%&ﬁe#ﬁm%?hepf%gwggw]?ﬁgefhﬁtetﬁ? P‘@?’%Fe bh V%ﬁﬂﬁ@ﬁgnszﬁelfﬁe t ﬁough

t he wedges 3@®ewatmflos. profile drag it has been found that the total drag is

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 itsclf 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



| ess than that for a snooth surface if the speed of the WG is above 100
knots (51 mis) for an imersion depth of 12' (3660 mm).! Bewaese0tdhe wedges
32 incur additional air drag 1 October 2004 16 conpared to a snooth
surface, it does not pay to cover the total surface of the endplates 17
with these wedges 32, but only the | ower region of the aft portion 2~ where
the water contact is incurred. Uilisi nfé t he above nechanisns to provide a
weat hercock stabilising effect~ s aligning at |east the aft portion 23 of

the endpl at egonhfar¥d {ohh érﬂ&tﬂ‘@lrﬁ&é,li%eé"ﬂ&rbaf wWb&et ko ys?dg'a e%?\ﬂ?ere%dﬁf[a%e
forces, nechapical failure and the bulk of the water/en pﬁ_a e frreriron
drag are el i i7 Rafhdbese redeesiigy it galy dhe/ lowartseion of elefitpppion 28 others thewatere t he
preferred enbgdidiinhsurredf the present invention. However, state of the ad
sensors, conputers and hydraulics are |o capable of actively aligning the
endpl ates 17 wi t h Ylising ther atiove ndchanismgutor prdvidae weahenwslke dtabilising , effeni, s wi | |

be particyl apkyhiPRn | b j I.S57.Sqat00 far. aft to  .provide a
passi ve weat her cock lgfggg%ﬁg%ﬁg%ggoﬁ%gﬁedpﬁgégégﬁmt&%@@ﬁaﬁ’h&ﬁﬁ@%&)t he
basi ¢ desi gn¥a%hwyrreisiderotpas. enechanica) failurel andothe ool &(thd water/efiphye frivvien a

desi gn cruisg gpee%-mgﬁ er than 150 knots (77 nils). At these relatively
high "IS spereags t ereﬁg&r'e numer ous nose shapes that WII produce a
supereavity 25 whehhetdhevepadgivaweatiescocktppe sedhantsna ackahé prefetlepthbddimpitsal | y
ftom about out to 13 feet 0Q_nij, for sea
é{{l}ggl‘e&(&&%&%ﬂm ﬁdwevgp StLIg of gﬁ% art Sg%%%rsc f:?]%]ﬂiﬁ?&é? énﬁgggﬁlﬂ.h? ad'c,a

state 4), inc ng concave, ‘convex, wedge,
el l'i pticak, cdpablalef ackivelyanligningniie modmatesAlY wifh theewstersfloweas reduired.pr aguce a

supercavity e ferr 0se. S e.as.depicted in . Figure 8, is a
flat nose ZQH %@E‘%ay?bﬁgg’i tﬁfsa‘%gl %n%ﬂﬁ%&gﬁgﬁai’%w ?%lt%e tpH’é’{ BHD IstoQi tereafit? ect i on
of the endpl atogideWitisiveatethervoek dffectrit gamesl@werapdedgt nose 28 can be shown to
be hydrodynam cal | st ab WA n.endpl ate wi.th a fl nose 28 i.s
subj ect to a yaw adn%%er(zé %{Iﬁéfﬁﬁg?s co‘{/]eﬁl%ﬁ %103”&\‘? \‘h"@mi?f 1%5 E’s]g 84 8ithg on
t he nose novég) hower dtsighkenisepeadanenes ilde 160 knéthe7nagp Afhest MaattREUbibRNT
drag forge D, W ig}% acts per pendi Cé:l ar élfg‘) {”{ISIF fl.at surface of the 25 nose
28, provi des & St api ?Igi[ﬂ%e @&ﬁoFe‘/ aPe e . ﬁf?ﬁﬁ‘iﬁa SBSTEVIPhES cdknriBe of
gravity (CG) endphunelistiiepsicdt @t a éoslph dBbth Qiypicallyi fYeth kit 8 FetP{120@m) Thi Sphegati ve
twi sting i norr%nE t u];}n§ ;h(ﬁ nos Pf t he enggl ate 17 towards the direction
of the i nconfy" W&t ¥t 0 N5 855 st W {oeludipg| oneaVaH FITVEF-nE e fsmeNt
conpl ement s dasicitdubdd] peirstiolie] eMGAAILERARK 210 b8 Glanfl infd) SABF of BBRURapeEER When
subj ected to ag angl e of é’%\g{ the waterfl ow detaches at the |ateral 30
edges 31 of PREMTSSYPegRHEr Fiﬁ@f#%déiawg%ﬁ Jepictedp Figwe héseledyee and
| eavi ng the 3% g inQlpldnd Perpartitdubl & thOENM-HiseAtrbdtRA oBle bAtiRES €d. Thi's
ensures that no side forces are exerted
ith 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.



on the sides of the endplate forward portion 25, which would otherw se
produce an unstable positive twi sting nonent. The flat Teeeber208écor di ngl y
hydrodynam cal |y stable and not subj&ft to divergence. 1 Cctober 2004 17
The stabilising negative twi sting nonent of the flat nose 28 can be
conpared with the destabilising positive tw sting nonment of a sem circular
nose 15 as depicted in Figure 10. Wth this configuration, the

hydrodynam ¢ centre of pressure again noves toward the upstream side of

t he nose 15 Tiliélétaghé{ﬁ?g"nédhﬁ?wéwyﬁ'?@ REMEARCS tﬁhf ﬂét'i'l%sé‘%@an b&8ofp&ed " \»F?@Ctﬁ D

acting end| cular to the surface, couple force generat
pressur sy B‘l‘f"t"’?ﬁy's\ﬂﬁg e of %?em'ﬁlécqﬁfs@sénﬁ Ae dapis e‘&rﬁ'@i"ﬁe"o

provi dewih thes ud;ﬁf@marbﬁr % Rydvolithaic dengrbady BreRogbt sag{ Sn TRERR! tARMh he
centre of gravit 91( A wedge shaped nose or_ any her shaped nose that

i s wet t WEEAM: the Rgsel 1%Ib§bgl¥§n (s ERIMICK ﬁuﬁcat*héf denrosgaiie dagifarce Bse is
al so eagdtingPRrpdhADRAS ¥R $RFAEBNSH AU té)fdré?@?éﬁe?h{ea%ysé}@@ﬁne abtgSoh S

i nportant as the nose 28 shape deci des the cavi size which inturn
det er ni REgveliedearga £).the mopy évnc%i'@. yRptream; side, o@’OV'éﬁgé‘ Fesultastt Serice &R dvitigami | |

be too Urittdbte poslive’ mohRnt alblitnd 2ehPe of GRVRIREE).LAG B%’haﬁ@d Whdd oF QRY act

t he si de of th endﬂl ate 17, al so causing excessi veéag In service the

nose 2&°pT§haped apsathatisweltrd on the site Wllalss bo HistaRia bt ﬂ“ﬁ@amietWﬁYS nal |

obj ects. Tha S!ad&ﬁﬁgﬂsca?éb Rasy @Raiih&hehaivs Ity hmbnFhbtirebl HdTBEMrA" tifheng the
damaged_area fl at. npl i cat ed nose shape would require the renoval and

repl ace#hts IgwoptARt %Wﬁg@ae ﬁﬁrsthapqﬁéc'fj?%fhen@é’éy Shappe vahighy Imium getseringsr f ace

cavi t atthewiras It the camityers 16emBb '!ér@é% Eﬂoﬁ@rﬁrﬁg \ANW'S@ tdd latRANRSIF tHRCcRAY 2G5 CONMEr
31. In contrE?t a conyex sha&[5 suffer from surface Tavitation

i ke
that wdfP dmahiheater apailleaet yﬂet%eso%‘éh@ ﬁad%ﬁaﬁé‘ alyp sayfingyexspsgve drag.

super caxnlsteaﬁaentges—.ioa@eswﬁn pédé%rrteg@alaﬂmrro@ dbh@gs e Ripakliey Wiy %Fn}éli &Bjets.
roduces a larger cavity 25 than a

pr oduc Wil st a flat nos
D Fean 1T 491888 B B EePatamsaapaIn oIt RE aRl dada e Whmiased Gaon fat. A

pr oducegbpwlititea nbsﬁﬁhalfésﬁadltl’rerqﬁﬁélmmrrbbﬁl A FeNamerit BEtHBQRMaEBd paRer ef ore
there is no ﬂ'l?rar%é penal ty t rou usi ng .a non-streamn i ned nose shape To
e
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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
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



enbodi ment in a high-speed, variabl e-pressure, water channel with the
cavitation and 1 COctober 2004 18 Froude nunbers proper |IyOsiekgret®04The
experinmental data obtai ned enabl ed the devel opnent of enpirical equations
whi ch enabl e the selection of the nose width. Based on the experinental
data, the ratio of cavity length to nose width can be expressed as: 1 20Cd
s where: pgH 1/2p V2 | cavity length, J = nose width, g = acceleration
due to gravity = 32.2 ft/s2 (9.81 nis2), 10 H= endpl ate inmersion depth,

V= vehi cl e sFerdepneEmbied Sréperlof scarbler , TheNdxfetimbsall M8ta ChRSHBLE HnaGle@ Hthe
coefficient iior a ventilated, supercavitating flat plate normal to the
flow, with: idgveypmentef eppivcabeduations which paable Fhesrlggtionof the Hoss wisthii Besgd eerent
with the |ineaiesferiB&iml tatd) NSt Bf dabiy lehd {yfRith ' ne report
"The Shape of Cavi ?i es in St'ta’per cavi tat}i?yng}1 I?W%%Pr oc?du%?ft eélsﬁq'%hCong. of
Appl . Mech., 1964) Ihy2Q&. P. Tulin (hereinafter referred to as trr:@ Tulin
Report), where 1 / kh=(8 /7c orn/ 2) Cd / 6 2 depending on the G%I used
in the deri V@Jh%x%n 20 of the equations. The large difference is probably
attributable t0 free surface and gravity effects. Using the enpirical
equation (la) for the gggwity length behind a flat nose, the nose width
required to conpl ei’e‘IW‘fW\et an endplate of chord length L immersed to a
depthH at a speed V, 1s: 256 h = gHL (2) 10CdV2 For exanple, for the flat
pl ate nose, Cd=. 88/ ace¥ity tengt, 12' (3.7 m, L=60" (18.3 in) and V=200 knots

(103 ni's) equation (__%%) gi.é s h=.02" (6 nm Furthernore, equations (la)
and (1b) may be us’éd tve the followng 30 equation to estimte the
area of the plate ghatcelesatiordted gfity ang.2veb’yesohy/d, H L, and V.

10 H = endplate immersion depth,
¥ = vehicle speed
p = density of water, and
Cq is the classical drag coefficient for a ventilated, supercavitating flat plate
rnormal to the flow, with:
15 C,= f:t—4=0.88 (1b)
Equation (1a) 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 I/h=(8/n orr /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 Z immersed to a

depth H at a speed V, is:

gHL
25 h=
IOCGJ»’2 2

For example, for the flat plate nose, Cz=.88 and for =12’ (3.7 m), L=60" (18.3
m) and =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.



1 Cctober 2004 19 HL=1-HL(1tl" CL), L< H where S,, = wetted area, and C °
20CdV' h 2g The drag (D) of the endplate may then be shbo®Rftober ¥4 p s cu
wa (3) + (4) s 2CfHL1/2pV HL2CIL where Cf = skin friction coefficient.
Figure 11 provides a conparison of the estimated total drag at varying
speeds for a supercavitating flat nosed endpl ate according to the exanple
(h=.02", H12', L=60") as conpared to.gn equivalent fully wetted

endpl ate. Again for the flat nose, Cd =..88. The 10 total drag for the
wetted plate is obtagned fapm B fylll%/ wetted) = 4C HL(112pV2) (5) The .
experiments also re FédEEEIa*tlnEh; };é ty maxi mum t hi cknesg)occurred at
approximately half the cavity lengthhi and coul d be estimated by the

fol |l owi ng enpi mheal S, equaddiagna,.and5 t h =approx. 1/3 6 (6) where t,,,. iIs
the cavity maxi mum t hi ckne?s. The Tulin Report states that the cavity shape
i s approxi mtely ellip9GH#” downstream fromthe body creating the cavity,
with the cavity maxi mum 2hi ckness again occurring at approxi mately hal f

the cavity length, 20 1f the nose width is specified at any verti cal

| ocati on al ongq‘}‘i @a%@éﬁ{theeﬁ‘gﬁi‘tf’ @%‘n%“%f shown{se: det er mi ne the cavity |ength
and maxi num thi ckness atpthat depthH In a prelimnary design the endplate
t hi ckness ngy be ch y ¥ L75 tm-, so as to be Wll inside the
cavity. Taking the caVi tLy Po bé el% Vptical.-its cross section is now

det er mi ned. HowaseC;+ ik fEhapgodM@ant, t he nose nmust be adjusted for the

wel | -known 25 theoreti c:ill cavity shape behind a flat plate. Figures 12(a)
to 12(d) show the r&SUetli RipvidES GrParisnn of the gitiaptad totahdragat yarying prerds éass

a supercavitating flat nosed endplate according to the example (h= 02", H=12’, I=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(12pP%) 5)

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.

!

15 D2 —aAppIroX.
b PP

1/3 ©
o

Where . 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
occurting 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 thickuess at that depth H.

In a preliminary design the endplate thickness may be chosen to be, say 0.75 £z,
50 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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of 0.02" (6 mm. Figure 12(a) depicts a front elevation view of the

i mrersed bottom 12' (3.7 m) of the endplate fromthe wdlt@etobeir30de 9.
Figures 12(b) to 12(d) provide cross sectional views taken at the water
surface 9 (Section A-A), mdway between the water AVENDED 6HEEt | PEAI AU 1
Oct ober 2004 20 surface and the endplate tip (Section B-B) and at the
endplate tip 19 (Section CGC). The maxigm thickness of the endplate at
these three sections is 1.6" (488 mm, 1.25 (381 mm) and 1.0" (305 mm)
respectivel y sufise and thexhdplate tifi(Sdci6 BES) aal @t the ¥addlatd 519 ML @ECayLty 25
t hi ckness generat ed_hy the 0.05' 1(616 mi? t hi ck npds?ie_z at _a spegﬁ)b?ﬁé 250
knots (129 W%@é%st@%ng tresithep e setionn isohd’ 4488 sum, bas’s@8h to

begin at the mmnakal a0t (f05akhm) asPedReBN A TRAL HRAREY URBdebEs e?%%rlcgt? ge 22
(0] r e
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with the di stesedleds ahove tthe epdpladengd7 cagenidBe aVWidd firbg e@uss stk pressure
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is so sufficliiref thehivirign SWbilsatin endplatenytward portibe 3G chisebettadd v ehip@d Fit

adj acent to ' di d . re t.he ressure differential
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provi de a st r.all ng.,. fu ent il at.ed esign. |t should be
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nose design

e

caused by high wing loadings 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 fimes. 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) depiets the forward end portion 30 of the endplate 17 of the

preferred embodiment design described above, with a flat nose 28 generating a narrow



will remain much | ower than the Barkley and Moore designs even if the nose
width is 30 increased by five or even ten tines. In factl Ottheerié wi dt h
must be increased by 140 tinmes to equal the drag of the Barkley and Moore
designs if operated at 12' (3.7 nm immersion depth and using the drag
they report. Figure 12(e) depicts the forward end portion 30 of the
endplate 17 of the preferred enbodi ment21desi gn descri bed above, with a
flat nose 28 generating a narrow 1 Cctober 2004 21 cavity 25. The endpl ate

17 i's over| aicslyiwi25h THeah@shatd 7 fi F88ai@with BEIdaO ' | or
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s) and a | rsion dept,h o ' . This drag.coefficient
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cause for di wepgencimagnitde lhgenthay ke desmsedadplerdl|vaitich, farisodiganal sngf t he
present invent i Lf the endplate or ast the forward partjons 20
t her eof) 'lgr eg%d (is)%?ré?f %graﬁém%&lle?f, Osfﬁ(}fgmeﬁ@o&#glaég diign C%S&élzfsedé’g ﬁ%‘tﬁ ot§ ore
degree of fI €Kidbi/k)dny a dMigisinttersipe deish w¥iQr 3680 minfAThis @adptcotfficieigs BRdR! at e
sides are vvettﬁ%d, bexce%flve fle‘%l b{llty of the endplate nmay cause a
particul ar fSFHCSHORTEE B die APA®r ef erence to Figure 13, the endpl ate

17 will tend to bewdilahhué wilhe pd v@ise fotidvebenRORitSs the| a86¥Labstiibed endpliieit € Yaw
angle a. Water, pressure _acting .on the j de of any wetted area of

b L e e b8 st
the 25 forwaPGoAUPPEE OE e et fvestion aﬁa‘% aeselop Teash st foesard portipat abl e
nonent ,  txendihegeof)oare fdssunkhar todd kigll thehendpBidsekill ARy S e deneplate 17

and potenti al l%i ,es%t i n di er]gegnce. If the side forces acting on the
yawed endpl aflé Bﬁlg'd tesloyh spegdaowitze ylershefyhefrthe endpigtersides 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 I,
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 bave a major effect on the tendency to



per degree of yaw that is greater than the structural stiffness of the
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Equation (7) thmlsmdghmddgeervéamwlmepmbmmebfcross t he vvetted portion of
t he endpl ate has its centre of pressure at (12-Q 2. It is further assuned

that APl '/z pV2 is a nt_and | ependent of the cavity length and if
1, is replaced by the%alﬁ_&ﬁ_gn E];Lr}_t_s equations (I a) and (I b@7) equation
(7) becones: M const. Iy 2 pV2 g¥2- (17.276h)/2gh' V2)2 a (8) 2 The héxi mum
vaIueofMIalne atln ),..occurs for . a forh 0. 02
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t hat di vergerf&evarcsomeHpﬂ:dtla&lgy to occur at speeds greater than 54 knots,

but may occur at speeds | ess than 54 knots. The likelihood of di ver&;lence is
then dependent ont¥REOMED REHMET thalihe merrvalusPL AP acrss thsaysttad portion of

endplate has its centre of pressure at (12 — 1.)/2. It is further assumed that AP/ % pPlis a
constant and independent of the cavity length and if /; is replaced by the value given by
15 equations (1a) and (1b), equation (7) becomes: |

M constl/2 pV*(12—(17.76k)/2gH)V*
The maximum value of M /o in equation (8) occurs for B = 127 (3.7 m) and for %

= (.02’ (6 mm) when:

V =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 coustruction 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.
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adverse mmme . j. gl | i vergence. nsequently,. it is
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be tenpor ari hghispeadénregeiredo i ncrease the length of the cavity 25. The
required flat nos hi.ckn an. he cal cul ated_ as above and ot her
met hod of diverti ﬁ"@@et%?édmﬁg?%’%% oL P Rveh iy A apst %‘8&@%“6‘%@‘1‘%
endpl ate 17, onike length oflthegatitye25 genkaist npthwd dpkeda hir @x@nplodf e shvigdeh BT €ase
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edge devi me @8] nobposgibiay ef diverdérve.t Tadsequretly, 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 imcluding 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 lbwered 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



endpl ate nose 28, which is extendabl e al ong and over the nose 28. This
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weakeni ng of t M @% gﬁlecr?%er 5&?@951%}“9@% %F&&%E%?x%’ﬂdnéemes%‘@ﬁani cally
conpl ex. ;I nisyawirectien ofphecendplag aad nead onle s provigedmOme lov@LibgheRed R)bEdRI on one
si de when the édo aw condition is sensed to tenporarily increase the
cavity width afdP&/Si d that side of the endpl ate fromwetting. During
extension of this fIRkps cheilelierevert fentiAy bt wiainkg ofefeicAGlatedrdabe 1 ap,
woul d act in front of the ﬁentren ofaégravit of the endplate resulting in a
severe dest abPPTeh WYCHSEH # MR SRlFs this woul d cause the endpl ate
to fail unless it wasyawmadeple fghdtyr feai thkndsesdnld e Rgendad én ¢ Glle GhdGhe Thi S
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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
s 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 t';No-stage nose.
Experiments in a water channel demonstrated that the cavity size could be
jo 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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endpl ate forward portion 30 as depicted in Figures 18(a) and 18(b),
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20 upstream side. The 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 fo 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 profrusion 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 immetsion depth will be 4.2°/2 = 2.1” (640 mm),
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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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of the endplate byhkhartnddiacO B ilih WAk iyt -Q,—,ﬁ%ﬁm op of
the plate 44. 30 The flexingllﬂg seal e50 prevents iclrang%g;éeg?%réﬁﬁgtv\e %he

upper edge offireqtien o dareliapd stseningrbaiGs Thechydmuliowany4 B movesehe erdplits idn t he
t f th s ool t Qi
op o e endpl ddettolidekh giad P%‘e}'o%%%&g?[g %he g%ﬁ(%fgge 3 § ?ﬂ?s%?tfl% {ﬂ?@h&.ﬁﬂ%I I r

pressure acting outwards on ] ) par counteracts
the turning Hﬁﬂ%éﬁ@omolt%e@phteﬁﬁ@bm@t alctlowigulbsavitating epredgd axtveslllas . durifipi s

reduces the L St J h .[&!1@ | o ober
2004 27 V&en%?égﬂg%ﬁ%smp i%ﬁzl%éqgjﬁqgt%eﬁﬁmgt er [ééepﬁkel?%eg%oggeﬁu%ea%%r

mai nt ai ni ng ©HE theiprietcart basawse ther dipdhatian of teeair gapdd pieeenty 1@essiired lirdiamil i ¢
ram 47 rmvesegcﬁgn%'glq&;v e 17 fromside to side to alter the fore and aft
al i gnnent of -t G This sane nmechanismis wused to control the endplate

17 alignment at sl i sndbleteyi® may e wrttedsd &sthewmdingtiapodion by grap of fastenihiy i ght

and PAR oper at.| T, i it i e PAR,operations is incyeased
over the pri ??eh%p?u %e%%ﬁggﬁ?%%&%’l c{egi#%%d{%lgg%ﬁgt? attah%re%f‘?]&mﬁnﬁ% l%gﬁ*u@@@ﬁt“gﬁ
pressuri sed atqur fiwhemtheemdplpe igpmsisddamy shjedthe tendgentBe chdplaey 1 BiviDthbe ‘

attached to i I by of fasteni nmeans, such as

expl osi ve bo%%gfamdige%é%e‘gﬁ?%ﬁtg&tg%lﬁﬂg%/myaéaﬁagaiot@? %ﬁﬁed | oad, such as will

i 0 occur when the Aslielpitaely, iepadilaecsal 1 maygbe otyfipatedisacH thet avii@f portibg of

endpl ates 17w | hen, .separate fromithe WG without .caysi ng any, dapage to
Therw Gl 1 BF b8 oS B0 e OB onast BRIt R vl RORAC &

| ower porti othe@hdplithéo endtphiadieinefditiagtlyes from t he upper portion on inpact,

t hus | eaving the er .porti f .the endpl ate ta work, albeit

i nefficiéfitly. 15u%ﬁeeeﬂéﬁafﬁ|tbélﬁ‘g“§&%ﬁéﬁ%ﬁféﬂgﬁrﬁ%n iRithgker fhaﬂﬂﬁretl%ﬂﬂeilg apfhi cker

than the endpl aneuted sbevays and eaticdilyefdr siidewaysr ang. VEHe! Adadlohal fhiRkndss Ni mum

air drag. The additignal, thickness royi de ddifional strength for
spreadi ng t hE) ﬁﬁlg&d%t‘% W‘?Bgtg?clra?ﬂffﬁg?ﬁ %ngaﬁg g"%‘%@‘e @f@,ghlll‘?ilt PRIRE 3Petd Bf t he
endpl ate 17. tHenreshopthbendptnidodi ment of the present invention, the WGis
configured such that e J‘uselgl%te and wing structure forma flying w ng

Ot
structure without ‘& BEPEHR diggeat 4f tPresepiay aen. theh WG drhoptigwreshiuch @bwn i n
Fi gures 20( ajhetfiseZide Ghd Wasd strich@Ofofh iaCalingy/ whify sEre without a separate distinct

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 conirol 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 1ift coefficient to be used without unduly increasing the induced drag. This

configuration has a very high 1ift/drag ratio.



efficient for larger WG s than the seapl ane conflguratlon shown in Figures
6(a) to 6(c). The endplates 52 have the sane features asCERESRHWM ates 17
used in the sea plane configuration and they elim nate the gap between the
wing 51 and the water 53 in the 25 sane way. A flying-wi ng configuration
elimnates the fuselage and tail thereby reducing the weight and skin
friction. The di sadvantage of a flying-wsng is that it has a reduced
internal volunme. This disadvantage can be overcone by increasing the

thi ckness of the wipgsife én%dﬁ}eﬁt?ﬁﬂﬁé ﬁes@rmgﬂugﬁ géscri)oeil gl:!o%’alﬁﬁlﬁ d(ta 1) and

21(b). The thicker wng 54 would 30 require
reduce separ at |%§f'r§ala4ﬁl’lai°%r%ema§%8@|té?ﬂ[@é eég‘?a@f the @&ﬁplataé@emdblaewmwock The

conbi nation of s@bilifihLCteyd ﬂ\l a]ﬁfﬂlcaﬁ‘iﬂﬁlsoséthfs?g@@foF}hfe&f(éh&ﬁ’at@ﬂﬁ]i% @EIF ot ?éql.l?ws a high
wing lift coefficient, to _be used w thout unduly increasing t I'nduced

drag. This corfi Javisien ghanpivotd mespingnplyfhe | aneplate op gayivaleny to |pr0®sif: dher 2004
28 Wil st the eribdideetst of the present invention descrl bed above all

allowed for lateral, dis cenen the .t I|n edge of the endplateto
provide ' a weat her (f&f’ﬁscpgegﬁﬁ?vle’i t&? BryRie Y § Tidplates songentla Ry sages
forns of endpl atcevanni THis Micbriraryad the gqulaﬁend lﬁab&wﬁdmﬂagd dFRredingd vRiyIRES!

rTect. as deodreinan e Rt il SlEies PG ind rebeemEttipt at os
constantly in thehetenatrfce at THY lantssﬂtmfsb wath g 40 bndt K23 ') sidewd twoaldchates t he
advant age of, CLalb BhbrYFhhaIpEe. 1AGUGK AL 11d91atte€§e Ao B et N

endpl at es. I ns arice ying corrp surface
at 150 knots (1&1:31'@1\11 r) sidgfliptangle oreptadiby the vand and & only provingly 1S/tballcdatbrhhwha to

si deslip angl esﬁ@wﬁ?%i%'vm‘it?wwé’v@ actibh, mvenlew&g en\ﬂ%tf%egs;h@ﬁg fonst ant 'y

in the water heré is no sideslip ang created only

yaw angle is t Fﬁﬁ% thep & ety (b mypdor %F%é&@é"y‘% Cﬁ?tﬁgt%len%t%ﬁﬁvt gngdsf ofpelie act i on.

This water vel eﬁjr&ﬂmesly b LB UhdlAGE rédice kiRl Wit iRerfi8in épfé‘&ﬁofmem@ knots (2.6
ms) for a sea stat ating an endpl at e awan%

appr oxi mat ey 2. Thilk @?ee wsw aRﬂéﬂmcthf%@?*%qaﬂw ‘ﬁlﬁ%%ﬁ“ﬁ@%’?ﬁféed of

the WG 'is If 1salﬂcr&@ﬂlﬁb sdverall S5, ﬁzhamae dnﬁplﬁ@%oﬁ‘d’ﬂ@ﬁg‘ﬂﬂ teR willako bhgligavi ty
| ength at cruise s

dpl at
chord | ength; ﬂ‘}?{eef‘sp i elcaﬂws%g‘éeqi‘sl‘?"ﬁ%%? %X“%ﬁg’f”g&}éyﬁ“ﬁ ‘lfﬁfé" i‘{?F‘{] gfe/a"gundf ha ©
Thi's incr eased agghey/ imay nevdiehsuffpieoatosecaimddie theetatiedwyagles afthdue them@y now be
sufficient tO WHPH@ Q%%% ahd éﬁ%ﬁﬁ g%&{a&oﬁm ideMOML aﬁd‘ﬁra;?f LyipRQL L1 on of

t he endplate tlng and €reati f'orce and™drag. SWth the
20 cavity n&t sty mgt mavieg l;tera}ly §u|fﬁﬁlﬁllﬂ3fetntl¢1960t @elentbm tkteht@eertrdpﬁgatthq t he
need to align Ehgate aft portion with the incoming waterflow s 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 lenpth 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
33 and capable of generating the necessary supercavity. A particular advantage of the flat
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endpl ate aft portion with the incomng waterflow is reduced. As the cavity
drag is proportional to its length, this endpl ate woul d hagtebar #i0¢her
cavity drag than a pivotable endplate with a cavity length only slightly
| onger than the endplate chord length. It would however have the advantage
of decreased conplexity 25 which is desirable. To avoid the need to pivot
the endpl ate, a nose shoul d be desi gned ichis sufficiently narrowto
provi de | ow drag characteristics whilst still generating a supercavity
with a length seveFﬁJa“tt:&rre ndpl at e chord Iengt h, at design cruise

o]

t .8
g*d rc‘??tgss"’f’rg%lhsilnﬁw 3 Bumenphoul B BiVALELS 19 2 iBRggener at e

speeds so as tO a _
a sufficiently ehdplre, 30d emuidingly at stdbenvwigtiege eome choutdhaldo wdueregdebbwitgd | Ng

nonent s about t : f rayit nqt tend to excessively
[Tex ' he. ondpl SrE°POPhio L. poPRom O Aot sl Bieds it oo ot
di ver gence. Whithessdgead 1gfithe 4l resenosie thgtthpmtiieforavartilead paniped0 abthelbigiplkssed above
inrelation 5touH‘]&wd_above descri bed enbodi nents of the present invention,

I

ot her shapes w al so be suitable 33 and capable of generating the
necessary supercavi tAftemale ggset designsa howryera theh feve afartt df ghef fovard\wEVpEIISHEET

| PEANAU 1 0ot Ofiar 0ach) RSt b ot e et lbieorsieolnt il Sti N0

nonment about - the pivot axis of a pi votlsggq endpl ate, and accordi'ngly a
stabl e twi sti nG*igneifalspde pereniablen shlang fsethy letfingrden wetisd length i ulicisatlyyr avi ty

?L a L i xegle ngpc%vﬁto&ﬁpﬂtiae@mg kide fﬁﬁék?fcﬁ’c%h%??‘ Q&érdllfbf?ie)f ﬂhf@éndﬁ‘l@t@ Son%ﬁg b&ni&{ eat egoat
e edge of | at_nose, suc e entire forward end portion
of the endplfat én?@Wr@nlfﬂ%‘frt%ﬁm%g?‘%{;ﬁe&?lé‘t hgLeuirseiedhs, however, that have

part of the forward sendtafensk Gupe isonaiatkulah grisne Asinbine l Gignpleirbadvedpst r eam of
t he waterfl ow det achnent int ipitiating th cavity i, | | aLs e
acceptabl e, so “flt&r%gm S (ifl@% LRE '??& °§é°d%’§“aﬁﬁ?dg%l mla’é’ﬁlﬁ?lﬁfe?%mu’sﬁ‘lef? @?‘E‘Fﬁ ly |ow
to keep the _reslirtqtibmg' l@isdleq 0.8% texs thetnesecidtly Tids pratides akrdayimiinessetdagth endpl at e
forward por ti O pos Goltndin bl KGLARRL nRAIE wicd SraBradlPORATARL BodnBYBondl . N ON
crui se speeds. A 'surtable nose shape 1s .a triangular prismfesentling a
si npl e brioad wdepeed niFigureal2nivbierd thofno@. 1B0Bs twonielingd cesi@r dhesengaximuand a
maxi mum dept h ighydn6hsGRr AW BBl ablhd ALt P§1 hfoRndsO@Ret1 509 i BiSnd he nose
wi dth. This pr 08? des a nadé}yn%%ynoseg_‘ge%tﬂ’ep °*0. g%cé t Pﬁtgs t he j(:T(ﬁor d length
for a maxi mum wrdpas. diowpeapeationacfetenipaersios drntiyefitdect 0A0G Bm). Forlepgert ed i n
Figure 22, whergsidnhRmBRRe defths tAde hov@ sikdYediidBiekh sh@AfeHpld Dver BRSR: PRXbTUM
di mensi ons nee(zh oné ap[p[)llx ash &Luavera e, over, . the | owernost 4 feet (1200
mm of the ¢ endplate. The nose sho so be sufficiently wide to produce a supercavity at design
20 cruise speeds. The wedge dimensions, 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 sbove, 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 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:

ye |81
10KC,
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endpl ate, allow ng operation at a design imersion depth of 4 feet (1200
mv). For larger design i mersion depths, these nose si ZeCpEBer2Q44 ons
shoul d apply over a greater span of the endplate. The nose should al so be
sufficiently wide to produce a supercavity at design 20 crui se speeds. The
wedge di mensions, and particularly the restriction on the relative depth,

wll ensure a sufficiently blunt nose shape to keep any wetted | ength at
the |l eading edge sufficiently low Qher nore streanlined shapes can be
used provided the wgth and depth Ilimtations set out above are net.

Curved nose faces are not preferred, however, because 25 of the dangers of
face cavitation at €h& -hi yHragconfieens peeredse wWith tke, 2bTYs maxgawe: tdamdnsionsmay cause
t he probl em of(}m@{gé@g{o@dqtﬁg, resulting in a variable and unpredictable
cavity size. o asses the'stability of an endplate with a nose as

descri bed above, wef/&ad-3¢df0]mme Mardmunn ey heiht fas pgctateyt. r equi red to produce
a cavity extending 1:95(ajtz=l3eqst4ot,m m d chord point of the endplate which

will be the approxinate |ocation of the ntre. of avity of the 30

endpl ate. This wil I%@gﬁ‘ietprqv’rﬁlest%"é&’é‘tyb%?fﬁg%13164?5?‘6%(%\@2/3?'% area forward of
the centre of graviheydesdib&inos:Oihbyk Wikt Nigbrefcde atheeths Got Halfex tehedpndgl ate to
cause divergenge.. This vel ocit an, _be_cal cul ated by conbi ni ng equati ons
1(a) and i (b)tﬁ? slow e F 4 ?“‘?%Q% Pslop B SPARERED “HEE® TBEAPRUP® Aot ober
2004 30 wher e:divegpnee caiid by thle sidp fowefdihg dremiprge fvetted wed fefrant dthhd keradfove

maxi mum di nensj_Qf; ] | T H = 13.32" (4060 mm = Maxinmum
wave hei gh{Wf oérggtzgfé%Q{d@@ﬁgﬁ%ga%gﬁé@@'O' (9140 mm) The above provides a
velocity V of 83 fpthi=na® shepst & (@5a Agvs )wetteth kngle Swedstred! im deectehiype Wi | |

therefore unm&irc%;ﬁ:ﬁ)s éfro?b'ﬁﬁe Hllﬂ?slstﬁei &Bratléhgt&gﬁ%p!ﬁeefaég 79 §H% wgégg%\ghgﬁ;a%seof 49

knots (25 m's) .. sge oW en ) avold low's vergence
caused by t he Willde weitndtand grtuphige endplate wall npbdivpsgetabbigiaeraige sppeds.r ont of t he

centre of 0 gravifd@iotdle nROMRbAHREa fr@%i@H o8008 %O GRRT et NI S NOSE

shape 78 has a | ow wetted | ength (neasured in the chordw se  direction) of
0. 005 ti nes'st héatéiorerall eamigt diag qstligipntys whd-0ax ed (Widthordragrectfigiggel Yaped nose
will be wettedhapdcheds) s00Mm whieh i€ aslpkatod maditidenat teh el @sted@ by the ghorCr Ui Se
speeds. art
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 a2
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
3 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.
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In addition this nose shape has a narrow width of 0.006 times the chord

|l ength so is that the overall cavity drag coefficient iEOBtHPV%p.OéOG X .51
(width x drag coefficient of this shaped wedge) = 0.003 which is an order
of magnitude |less than that quoted by the prior art. A fixed non-pivoting
endplate with this nose can therefore be a very satisfactory endplate.
This nose shape can al so be used on pivogjng endpl ates such as those
described 20 above. As described above 1n relation to the enbodi nent of

Figures 18(a) and 18(h)..a 2 stage.nose can be used to expand the cavity
and avoi d di ver genjclnejgal% ReREeton gfmﬁiﬂ???nde"ﬁ?@ﬁlnaﬁeewﬂll ipoyr gdditiensl gwgsi bl e
to u_sg S pL otcausi by tlﬁafﬁlpreﬁsonerdfnljp watlar a:t‘&genc_[lﬁtls@bndée rf]i& fﬂh&@ﬁerag%ﬂ:ﬂ &t e
provi ded the w.are sma as,, W .be the case with the

endpl ates 25 Zggns an@ﬁ%ﬁignwﬁlh ov\‘ﬁé’fre};é 3@%@‘%6@%&@%%9@51’%@ 15 therefae @por e
possi bl & to ctmstivanptionwhewit thrwighedfto el tha cphméttytdigivoikhd dndplades.di ver ge or
fail in yaw by using a protrusion 64 formng a 2 stage nose and running
the endpl ates constantly in the water. The front nose 28 can be of any .
sui t abl e shape to produce a supercavity at design cruise speeds with the
endpl ates i Mmersed to a design i mrersion depth, however for the 30 sane
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 endpl ate
is fixed and very narrow to reduce the cavity drag. The front nose 28
shoul d be sized to provide a supercavity just |onger than the endpl ate
chord length and the endplate therefore has the sane |low drag as the
rotating endplate when the endplate is not yawed. AVENDED SHEET | PEAI AU |
Oct ober 2004 31 In yaw, the protrusion 64 formng the 2nd stage nose w ||
incur 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 snall
and this type of endplate is therefore an attractive option when it is

wi shed to avoid the conplexity of pivoting endplates. | COctober 2004 32
CLAIM5: ‘1 . Awng in ground effect vehicle having a fusel age and w ng
structure with opposing wing tip portions and a pair of supercavitating
endpl ates each extending downwardly froma respective said wing tip
portion to bel ow said fusel age and w ng



5 structure for imersion in water during flight thereover, each said
endpl ate having: a proximal root, a distal tip, a forwal&ciober 2@

i ncluding a nose defining a | eading edge of said endplate and term nating
in a nose lateral edge on each lateral side of said endplate, said nose
being i0 adapted to generate a cavity extending rearwardly fromeach said
nose | ateral edge between the respectivezsaid |ateral side of said endplate
and wat er passing over said endplate, in use, at a zero yaw condition at
speeds up to akR8AIMRI uding a design cruise speed with said endplate
imersed in water te a desiqgp.:] ISl - - sai avities formng a
supereavity at saidqdesigh%gggiggﬁg%gggfgﬁﬁ%p ggg&ggf © B YIPS MW nat i ng
in atrailing wdyepposihewai fipgprtibeasd apair bf obereaitding endprited epflekie@heof each

said endpl ate Hém&@ﬁ [ xed wth r. ct to . the respectiye said wng
tip portion and sai E{_ir%!)anlll %ir?\%écﬁgfgséawo‘%m 5‘???81%3 f‘odgeé% Bﬁ“ggﬁgi’% PG Wl |y

di spl aceabl ¢, wivehrederspeersion o walvedurieg figbtthar@veadach saldradpldthapig:t i on, by
wat er flow ng over g@%gnﬁngglate inuse. 20 2. Awing in ground effect
vehicle having a fuselage and wi ng structure wth opposing wing tip
portions and a pairaditadipper cavi t ati ng endpl ates each extending downwardly
froma respective sai i g tion bel ow.sai d fusel a and w ng
structure for innergﬁgﬁmﬁﬁ&agiﬁgg ﬁ?%f# Tﬁﬁ?ﬂ?ﬂﬁgg 8 ?méﬁ%ﬁ“%ﬁwd

endpl at e havi nigrmisatipg oxé maté latecd £dge o8 Sach latéraltside of kaid eriplay IR fsd¥idgi ON

i ncl udi ng no i pi L e of .said endplate and .term nating
in a nose ?%te%gwgggb%%%%wghgﬁﬁfgggpggngﬁgd%ﬁkghFﬁﬂéﬂgdpﬁiB?“%é&ﬁ nose
bei ng adapt edbetweey dlrecrespedive saidltdral sishe tof nd Ropptagaandaw- ypadsing roverasfa sai d
nose |l ateral e n, {he respecti said lateral .side of said

endpl ate and w%' ?@?tefgggjg%ga %e\rloe aws%)?‘gg@aé{ g%eﬁ% %R ,an$W%H§‘8% ag‘fs‘% FE¥o yaw
condition at sypeuldwithugaidtepdpistelinimariedidhi wgperato delssigminmmersichalept pai@cavitidsh sai d
endpl at e i nmer i . i i rsion depth, said cavities
formng a supe@gg%é??ﬁg%ﬁgﬁ%gmgggﬁgﬁg@?%@%@mépeed, and an aft portion
term nati/ngsi n a t raiafipegioe thyeinatibly/ENDEGINSHEET | PEAI AU 1 COct ober 2004 33
wherei n $aid nose o id e lL.ate i.s substantiall |at and lies in a
pl ane substantially&%gggg%%%ég dg%lgq?ﬁ%méﬁg? Pwﬁgésﬁéﬁégkpdﬁkﬁ¥ggaid
endpl at e, - fixed with respect to the respective said wing tip portion and said trailing edge of each

said endplate is laterally displaceable, with respect to the respective said wing tip portion,
by water flowing over said endpiate In use.

20 2. 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,

25 a distal tip.

a forward portion including a nose defining a leading edge of said endplate and
terminating in a nose lateral edge on each lateral side of said endplate, said nose being
adabted to generate a cavity extending rearwardly from each said nose lateral edge
between the respective said lateral side of said endplate and water passing over said

3 endplate, in use, at a zero yaw condition at speeds up to and including a design cruise
speed with said endplate immersed in water to a design immersion depth, said cavities
forming a supercavity at said design cruise speed, and

an aft portion terminating in a trailing edge,
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3. The wing in ground effect vehicle of either of clains | and 2 wherein
each said endplate is pivotably mounted about a pivot axiQcekeretfifitng in a
span-wi se 5 direction of said endplate, said forward portion of each said
end plate being laterally fixed at said pivot axis. 4. The wing in ground
effect vehicle of claim3 further conprising neans for actively
controlling rotation of said endpl ates afout the respective said pivot
axes. 5. The wing in ground effect vehicle of either of clains | and 2
wherein 10 said forwhered spidmbseor eah seid chdpiad idl sehvidmlaly Gat fd fiksiad e sai d
aft portion of 5l I S pilvot al | un about a pivot axis
extending in as@%g‘ﬁ‘-a&f gegpeaﬁgg%ha%ﬁc}fgfd @zlsfl Gg}ealgﬁé%ﬁal egép?%ﬁ‘ The wing in ground
effect vehicle of eidther Tof witgdn geud effedt hiclatoé eithenof sl 1 phdvDivhaxhs of

each said endp B ed f I f.the hydrodynam.c centre of is
pressure of saflzaghgﬁg%fug{?ageaiastpq‘éoéa%&m@%%fegnab{szurt di péééoq%’égﬁ‘e\’%‘lgrf“saa?lja“'gﬁapl ate
i mrer sed i n swatliegctiort of ssderdpldie ssaigforimandposionof cdeyshil end/platd Bengihtaiglly fikegr ound
ef fect vehicle tos%id%ivg el of clainmse 3 and 5, wherein said pivot axis of
each said endp?a e“I's T'ocated less than 0.25 tinmes the chord | ength of

said endpl ate aft off. sai &ht edmgiingroeuligefeettveisicls piuluimi3SartROsdnipriaing Aeaway

bet ween sai d | at e,.root .and t.ip. he wi ng i.n ground effect
vehicle of ei tf"‘:()gr"EL &@'998‘%%”?‘#%% ’iogag?fﬂoq a'%ﬁ%ipgfeﬁiogtﬁedegﬁ?%%@ PO EHn of each
said endplate is fied aritie séigdn gfouindeffetti vehiclefof eidehofsdigs 1 entPlvadréni S

| aterally f| exi and is munted .to the re ctjve said forward portion.
0 The w g n'as Guf® epelpt FiskFeh dndsite fRRT d e REpiruebitionh sbbor ¢ on
of 25 each satdipetdpiietaly emousatiboftapivar dtisekteidig ihy shapdye amictocaniiae of |
pressure of sai Ocll la%ndpl ate at said design cruise speed with said endplate

i mrersed in wateP to said design imnersion depth. 10. The wing in ground
ef fect vehicle of cléai m &he whrgriegrowsbdffictakhiclpof ¢itharofefaimseald ssahdeigndpl at e

has a chord | ength aof at .l east.,O. tines e cho e h of said_ 30
endpl ate at a %agéaﬁly(%iaglé 068%°ﬁts?18ﬁn¥ﬁ§a&\/\}§3}ocﬁt8‘i Eﬂé‘@?{d é’fiﬁ’ﬂ hé?r} TP 5t and tip.
11. A wing isn presuwedt afdwadilaty alkaid Heigh amisagpead FittsaldagenAdichnwhsB@inStatedCt ur e

wi t h oppbsi ng W n hﬁfnrt'i ons and a pair of supercavitating endpl ates
r

ti
each ext endi ng"%@\%‘ 3 f/rs'f)rrloer% a respective said wing tip portion to bel ow

sai d fusel age and w7ng She wirtglin erofual effecovelisle ofeither of@talis Tasdisnghdréih ght
thereover, eac g‘aid'S Siivo a%i % La%ﬁ %‘aié] ea'r}ﬁipﬂg:is ﬁ%%éﬂqgsg)thsaln_l%gg tin{esp%chﬁ\é%d Ileng to?ber 2004
said endplate aft of said leading edge at a span-wise position midway between said
20 endplate root and tip.

8. The wing in ground effect vehicle of either of claims 1 and 2 wherein
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.

9. The wing in ground effect vehicle of claim 8, wherein said aft portion of

25 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
imlpersion depth.

10. The wing in ground effect vehicle of claim 8, wherein said aft portion of
each said endplate has a chord length of at least 0.75 times the chord length of said

30 endplate at a span-wise position midway between said endplate root and tip.

11. 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:
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34 a proximal root, a distal tip, a forward portion including a nose
defining a | eading edge and adapted to generate a superc@¢ioPgr Hidween each
| ateral side of said endplate and water passing over s said endplate, in
use, at a zero yaw condition at a design cruise speed with said endplate
imersed in water to a design i mersion depth, an aft portion term nating
inatrailing edge, and a protrusion on gach opposing side of said front
portion, at a |lower region thereof and aft of said nose, for engaging

wat er passi ng outsi derefmadaiol supercavity, on the io upstreamside of said
endpl ate when said eJh‘(i}s?Jlﬁ]Be is yaned with respect to said water passing
over said endplate and/or“’on both sides of said endplate when said endpl ate
is imersed beyond asfiwehrdestigm inciniieg simse defipinh,a Radily ek dn@L@pled2b ON
extending in a - W [ tion.and  having. a face configured to create
a stabilising %@ﬁ%aﬁlﬁ%gw %‘*S‘g‘ieﬁga"hgaé‘?‘%ﬁ Shﬁf’ggfd eggﬁqﬁe Flﬁivwﬁ‘er g?@‘?‘%ﬂ"‘*ﬁavi ng a
| ength in sai dsspamiplastesia usk, piectcicgawabndiwast a &gigakrutse spebdwhlaiath aheghtgn

i mrersion depth_of said endplate, 12. ing in ground effect vehicle
having a w ng s“%urnﬁréﬁsdd?‘évat\e/ﬁq?ﬁdeglﬁﬁb%fpeﬁséw%ﬁ%’g tip portions and a pair of
supercavi t ati ng endphaf estie@aeimireitgindiratingbdpnwalr dly from a respective said

wing tip portion to helow said.fusel ag d ,w tructure for i rsion
in water during flidHeP mel}oelloe\?(é}‘rcfpp(’esglé%ﬁggtji}ﬁdgﬂ‘g%f)g‘?‘é ah%l\?‘("?fd‘?g’%heé&g‘reoxi nal
root, a di st aland afp of asid avsapfod eppging owater pashing bingdaohekeswativiti,ng @e | eadi ng
edge and adapt to _generate super cavi bet wee ch latergl side of
sai d endpl a'?ﬂ e §ﬁ%remwléts lg? Of)%gdseinﬁ%at%ve?n S aﬁnwaé%&fﬁlag?cgf”ﬁgﬁe‘g%‘eﬁo Sﬁ’g Wl ero yaw

condi tion at apesmggrercridiesiplaepmddr od bdth Sdds df edidipldplae wids sdidneRIpRedsi N wat er
to a design i mer Sié?iq)ﬁdoeﬁ’t h, ,and. an aft rt ihon.dt erm.nat i n% inatrailing
edge, wherei n, "BUSFOREN SHLIHEL ImnsE dip-rehoaid grofudion extenfipe R@sEas an
average Wi dt h wietdirgtieatnd hatilgenfad.cofffzutet rascarai sebitiking slothen gioh eAgagingn

aver age dept h,

\ ( Ell<;;1;Vsurredd"r£,ar S ogdvvife irection. of. not greater than 0.83
times said noséngvgtrga&aé &tRe "gﬁ‘ g3 cﬁ”f@”\/ﬁa g';parnnw'éer%ﬁﬁﬁmégf@&?qu@éﬁl cle of
claim 12;.-:\/\,hesr eis#id 8aigd imossgorndephataid eadplak. endpl ate is in the general form of
e L anabtar o Lo et oL BB e SR L SRAAF, O,
forward porti owine tie petiors ahdl a eaid pf atpercivitpteg endpmar deh sadnding @s@nwardly
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:
20 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
said endplate, in use, at a zero yaw condition at a design cruise speed with said endplate
25 immersed in water to a design immersion depth, and
an aft portion terminating in a trailing edge,
. 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.
30 13. The wing in ground effect vehicle of claim 12 wherein said nose of each
said endplate is in the general form of a triangular prism extending in a spanwise
direction. '
14. The wing in ground effect vehicle of any one of claims 1, 2, 11 and 12,
wherein said forward portion of each said endplate tapers towards said nose.
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AMENDED SHEET | PEAJAU | Cctober 2004 35 15. The wi ng i,G g{ggun ef f ect
vehicle of any one of clains 1, 11 and 12, wherein said QEebet 2% ch sai d
endplate is substantially flat and lies in a plane substantially i
per pendi cul ar to the chord-wi se direction of said endplate. 16. The wing i-n
ground effect vehicle of either of clains 2 and 15, wherein s the wi dth of
sai d nose of each said endplate satisfies the foll ow ng equation: gHL

ch< 10i g: J 8.8V2 L8.8V2 wherein h = nose width, g = acceleration due to
gravity, H = designlb-merlst wing iepped dfectsahide ohapy at of clkins ichopad l2engt h of
endpl ate, V = i.cl e desi e The. W i.ngarouynd effect vehicle:
of any one of Xﬁ%lkl{r}rssglf,l%gé, g)?fgéz}n%%lfadélafeoﬂv@%]\égrt%gﬂlyeg%hansa’icljea lguﬁé?taﬂ%lvi ty has
a length | ess substentigllyt perpesdicndar tb thdebpd; wiealrgttion effsaid sadplteant i al |y al | ;
span-w se | ocations it hi %. i L QN rsihon depth from said .
endpl ate tip. 18. Trllge\'lI Wi gge ?’%ééf rﬁ"ﬁ@ egf?c?g%?cgevoefﬁ%%fs%aﬁmse??ﬁelp W o e 1
2 and 11 wher & midilvefisait hese bibaaglr sadshdpla®0Btisfies thé folawing egostion: sai d nose has an
average width not 15 greater than 0.006 tines said chord | ength and an

average depth, neasured in a cho%e di rfc]y;%n, of not greater than 0.83

times said nose average width. 1 g € hwk g #£h-ground effect vehicle of
either of clainms 1 and 2 wherein &ach sai d\&hdpl ate is provided with a
protrusion on each opposing side of said front portion, at a | ower region

thereof and aft of s@bsinReS®se %ﬁﬂn,gﬁ%&iﬂoﬂ\@ﬁeﬂé gh@%@hngd@%ﬁ%ﬂ&siép of sajd
supercavity on _the upstream side of said endpl ate when said endplate is

yawed with reSPE stigendplnts Lygehord Iengthaf arirkitreY —aliicle dsigpprete and/ or on bot h

sides of said endplate VHERingM EosRAEERVidSoflafEH:2e6aiReY 0N d1 8 @, desi gn.
i nmersion depth, each said protruysion extending in a span-w se direction
and having A f HBWCIR GAT Gk swoeayiy hasadength legsathan Ssimeg sidnenid lsph abngagi ng

sai d water, sahWsth@MBY all §fth-Gibe Net¥ioRs wkhin S0 8F shid ®pimntersihPRPh VS -
direction at |east .,equal to said design i mersion depth of said endplate.!
20. The wi ng i FGPERIMERT f ect vehicle of either of claims 11 and 19 wheré€in

each said protrusiongis imhe Wig mofsndlerct feRble R aMR: 6PREINUT abL Pet ween ‘a
retracted positiaogn within said endplate, and an_extended position

prot rudi ng beyBhdes gy hedepmraes 12005pm oh gpifyrasey sEdpeseiay Bravpagssyidd it si de [of
said cavitys 3esddsthah DD0MING shifh iR Sfff Serat€Mipfhl BefreintaR8ra@ke C! ai M8

11 and 19 V\,herg_l n. . . .
irection, of not greater than 0.83 times said nose average width.

19, The wing in ground effect vehicle of either of claims 1 and 2 wherein i
each said endplate is 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

20  of said supercavity on the upstream side of said endplate when said endplate is yawed
with respect to said water 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 face configured to create a
stabilising moment upon engaging said water, said lower region having a length in said

25 spap-wise direction at least equal to said design immersion depth of said endplate.

20. The wing in ground effect vehicle of either of claims 11 and 19 wherein
each said protrusion is 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.

30 21. The wing in ground effect vehicle of either of claims 11 and 19 wherein

each said protrusion is fixed.
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each said protrusion is fixed. AVEND ' ED SHEE) 1PEANAU 1 ob 2004 36
22. The wing in ground effect vehicle of either of clai rﬁsoﬁbﬁrnﬁfof&
wherein each of said protrusions has a concave front surface facing said

| eadi ng edge. 23. The wing in ground effect vehicle of any one of clains 1,
2, 11 and 12, wherein each said endplate is provided with a retractable

| eadi ng edge device of greater s wdthhan said nose, said | eading edge
devi ce bei ng extendabl e al ong and over said |eading edge. 24. The wing in
ground effect vehicke of Taeyingiregrafnd eff@t vehiclk of dtherkd claind 112nd 19yIRELi N sai d

| eadi ng edge deyi f_ aict endpl ate has.a supstantially flat front
surface |ying ?aréhgpsgﬁgﬁogﬁg%i?saancﬂmém nbsé‘&?)céﬁacﬁnéa?lgga‘{"@ 98 d chord- wi se
direction of said 2B endpe aing.in gbund Bifext wihivg dfanygene vhclaigib i ;11 wehiocl e of

any one of cl aj : _— .12, .. wherein each said endpl.ate is curved
i nwar ds t owar dgfgfrﬁéb%cﬁrﬁ %811@{;%55%?118‘”9%‘?’1& aeretéﬁcg‘glﬁil?ﬂ%n? g‘%ﬁ%ﬁ ¢RI | i ng
edges and ats swidth thiup sai®Gose,Tdhael ludding dige guvietineing bttenitbly elohc bl &fer gy one of

claims 1, 2, 1L, nd .12, 15 wherein each said endplate is tapered in

t hi ckness from sé’f‘%fdgeoot to said tip. 27. The wing in ground effect vehicle
of any one of clainmg4.l, ZThe ¥ibpangtodnd effectvishicRi of agyednd of ¢latink it j1y 1eggie20f each

said endplate js t.apered.. 28. The wi jn.ground effect vehicle of any one
of claims 1, vaﬁan 5%@?5‘?2 e\c}ﬁ?eciéé’icﬁ ogga@!h Sﬁgieﬂﬂ’gﬁﬁd%szﬁ %’%ft%“t'ghyob‘i"tcf@&t with a
plurality of wete-lsingpes phendneststisposmedicu@Piot @idachbrawede diRgioans ofid sai d af t
portion thereof d ]?%i d lower region having a length in said span-w se
direction at |&a8 equal to a design imersion depth of said endplate. 29.
The wing in ground &$.fectThvehgdl goafl efitty vabitk oftnyCdn@ioNHaiths 1,2, 11dngand 12,
wherein said dj )

| tip.of each said.endplate is | ' [l
i i B GRG0 el GPRRR o B vatlF ot RBReR il on 2

edge than at sal
30. The wi ng i lkadjupoind daibief selgds ambdteaid €p. of any one of clains 1, 2, 11 and 12,

wherein each said epdpl ate forward portion,is _.provid ‘gWI 5:’[112 i rof
support struts on ggposit[ﬁ%wg‘g&b%m eé%f% Fh}éﬁl‘?&ﬁg‘éft%“*gﬁ amy ’gbg%r@d at a
first end tiaerwebdreit each ket enépsijre Bttdpwed instdekaleserog sadebosth sdd second end t her eof
to said endplate toward id tip. ?;é TEe i ng i n groynd f% t vehicle of
any of any one of c?gi s 1. 2% "fl)gfou Gt ?%,og\ﬁﬂe‘}“gf)ﬁéf%@&ﬁ ifﬁf‘dsﬁppor t
strut first endhdran shidypllageddslobeanh fahl endifqeis tapéred. t he
28. The wing in ground effect vehicle of any one of claims 1, 2, 11 and 12,
wherein each said endplate is provided with a plurality of wedge-shaped members secured
20 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.
29, The wing in ground effect vehicle of any one of claims 1, 2, 11 and 12,
wherein said distal tip of each said endplate is lower at said trailing edge than at said

leading edge when viewed in a chord-wise direction.

b
n

30. The wing in ground effect vehicle of any one of claims 1, 2, 11 and 12,
wherein each said endplate forward portion is provided with a pair of support struts on -
opposing sides of said endplate and each secured at a first end thereof to the respective
said wing and at a second end thereof to said endplate toward said tip. |

31 The wing in ground effect vehicle of any of any one of claims 1, 2, 11
3 and 12, wherein each said support strut first end is displaceable with respect to the
respective said wing towards the respective said endplate root.

32. The wing in ground effect vehicle of either of ¢claims 11 and 20, wherein
said forward portion of each said endplate is provided with apertures, forward of said
protrusions, extending through the thickness thereof.

AMEr SED SHEET
IPEA/AL



respective said wing towards the respective said endplate root. 32. The
wing in ground effect vehicle of either of clains 11 and! 96tobghed n  sai d
forward portion of each said endpl ate is39rovi ded with apertures, forward
of said protrusions, extending through the thickness thereof. AME 1ED
SHEET i PEAI AU 1 %t obe{, 2004 37 33. The wing in ground effect vehicle of
any one of clains I, 2, BeWHigqngroundgfiacevehielgion ahe an ofjclehgel, of, 12a6h 193 d

endpl at e iSwherk'ﬂaCbaﬁﬂéadiﬁérengtﬁfe%ﬁ‘ﬂii&9?@2%5'%&%%% vehicl e of ‘any one’ of

clainms 1, 2, 11 d 12, ~wherein sard Ing e of each said endplate is
| ocated forward of*t he Theawinggn esgmdctfect hehicle spast bvEoB@hha NI 1? tﬂnﬁqbd
ie”of “clai s

endpl at e r oQhereidaaidlRg ;W4 j round ef.fect, yehicle of any one o
1, 2. 11 and 12 %m\ﬁlh%?cg}q% gg%{écﬂf %é{ﬁéal FAPIaEeds lQcated forpard i yhavsading ¢dge b

respect to tBarespedtivg seidpvipget saddeidplaté Reteby enabl e raising of said
endpl ate. 36. Th%5vvi ng 4N ground effect vehicle of any one of clains 1, 2,
11 and 12, whereirh eacH“SENg B gEpngs episvehitln pbensorne dfeclaienie ot i vangand

wing tip powhdrein ebyh sdidshdiitb g ' | etach at a predetern ned
| oad. 37. The ming.in groﬁd _ef#%??ﬁglgﬁ?&?g&gﬁtgﬁ%pgﬁéoS?Jdc"l’lagﬁ%’ pprtign tog 1
and 12, ?Iﬁl%e%é?iﬁrfa?&?g@féﬁ@pﬁndpbtﬂ-s nmount ed on the respective said wing
tip portion by exyplosi : : L Ng | roun ffect vehicle of
any one of c¢lainms 1 ZIM%fﬁgggéﬁ%ﬁe\ﬁgggﬁwqﬁﬁﬂ%%r& fl, dathardl?,
endpl ate i é"’h?é?ﬂiifljleheﬂald enddatacts faoonted o piRe kespBétivel 8 A ghﬁ rp%mgctbi ve
sai d endpl g eﬁﬂgé&ﬁigpgé an/ezzrr’?ﬁd?t err(rii ned. |l gad on said 6we portion.
39. The wing idrf]ﬁ%roun SPreLt &' 8 Prgdetgrmingddoask clains 1, 2, 11 and 12,
wherein sai d fusélage dhd wihgéh glohHe eEE& veBlc Yd ' truct ur e, - 40.
The wi ng igvé%fe nd ef f ect %’ihi c_I§e of any onemo(?f ¢ aan@}g)fgd?%?%ﬁ, %i’f’cﬁk%
wher ei n_ sai"d Footo 8t B FndRlFy isrmpiaed qns theo sespentivousaib awidg ofip Foiadbgcent
to the respgotivybolsri d Wi ngtip portion wwth a gap therebetween, further

wherein a seal sggns s 'bd .gap between said endplate root and said w ngtip
portion towards tfe upg ¢ vang rpgroued eﬁmtdfemgimg&ém' qerdfickdims 1, 2, 11 and 12

;/ wherein a lower portion of each said endplate is configured to detach from an upper
poﬁion of the respective said endplate upon impact of a predetermined load on said lower
portion.

39. The wing in ground effect vehicle of any one of claims 1, 2, 11 and 12

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

40. The wing in ground effect vehicle of any one of claims 1, 2, 11 and 12,
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
wingtip portion.



