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wi ng-in-ground effect vehicle has endplates (17) at the EHG9P8f2%hgs (3)
These extend bel ow fuselage (2) and are designed for constant subnergence
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 I engthening of the supercaw ty at | ower speeds,
protruding O ridges nay be provided downdt ream from each nose. At |east the

bivot i ng around a veripginGFRyRRCEREREVRRRIS IR ERARES" 17) by va er

pressure when the vehicle travels at a yaw angle. This "weat hercocki ng" of
endpl ates (17) aligns them w th tRield/\Giiae livshtionnd al |l ows themto be

narrower. 1 Octob 2004 u Ef f |cIe Wth End Iates
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Ef f ect Vehi chise patticilyan WIGHDith eidpldtbsabdtapnrie boer\a® Wi th endpl at es that
operate over water. Background of the Invention

5 Background of the Invention
A significant part of the drag of transport aircraft is made up of induced drag,
Flying in ground effect close to the ground 01: water can reduce this drag. Numerous
WIGs have been developed and flown.
Several large WIG designs have been proposed but never built. These are

10 summarised in two reports, “Air Cushion Craft Development (First Revision)”

(DTNSRDC Report 80/012 (4727 revised) January 1980) by Peter J. Mantle (hereinafier |

referred to as the Mantle Report), and “Wingship Investigation” (Advanced Research

Projects Agency, 9/30/94) (hereinafter referred to as the ARPA Report).

Because the height of land varies so much it is normal to fly WIGs over water.

15 All existing WIGs fly entirely above the water at the height. of the highest wave expected
to be encountered plus a margin of safety. This is because of the extremely high wave
impact forces that would be incurred at cruise speed. The ARPA Report concluded that
designing basic structure and mission loads to tolerate impact with large waves is
probably impracticable.

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



A significant part of the drag of transport aircraft is nmade up of induced
drag. Flying in ground effect close to the ground or wat@FtoBa%duce this
drag. Nunerous WGS 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 opnment (First Revision)" (DINSRDC Report
80/ 012 (4727 revised) January 1980) by P ter J. Mantle (herei nafter
referred to as the Mantle Report), and "Wngship Investigation" (Advanced

Research Pr gjr&&iltShedd @d‘ﬁWaysga(u:”Q{ £ Cgréa?&rtﬁdnr}ﬁé Wate ﬁﬁéh? ESRed e % Iﬁﬁ RPA

Report). Because the height of |and varies so nuch 1t 1's norm y WGS

over water. °cndplaty pndpthediougly olpach wayg Ehis restriojs thpiswbilithie roduce ﬂleandudqé
hei ght of thgbi g’?ﬁéﬁl MBS BABEGT smﬁc@afpﬁﬂgﬁﬁﬂ&'m F%Q#ﬁ%@%g@ﬁg

safety. This is because of the extrenely wave | npa
woul d” be i ncitiep sgably tacsighifeandy dmprover pie thmﬁmnm@pm for @overy taegscerathaf 5,000

naves | pr S e A N b b o B b oA
the i nduced #esgfi é@t@égr etttreth@dime aclignpdibh eizcrafRitris @M&R}antimbﬂd: why

decreases W Gidshsy gll‘gw?{m%lg adpl ates above the water. PAR directs
the jet fromengines located forward of the wing under the wing to provide

added lift at sl owere W@@e@ﬁg@mﬂs&a@teachﬁdshﬂhghest lewl afitechhicahmatyeityfior W G

tepgglgﬁt th \t/\genp%l%g% ?m}l oq’n the 2 %Odg%\%% %&‘gﬁ%ﬁéu ﬁe‘%\/{»gggg %5%25&@%% ng

prior artiehasxamyie tofiktbn mamlaﬁecmﬁngnaimembahed tin thaRustan Calysnsied to

be i i bl ld.(i),h I
D 3L e AR 540 SIRLATS sihe ML iRt oy L O
desi gn crui sithes pﬁe@fthksfuselagsa.ll Theset b@mmdpﬂmm fof urebeiveihg BwagGS&H&blal |y

came of whi cRoroRE et dEvng 3wl a e e Rarb rifamEebfh A A T

some of whi ch i AE
t hese desi gnknding sptéds de atrbc)/@fop énlglmkd— q:flﬁrydemmﬂﬁdiedt NEfust foSQMﬁiee Wav e

i npact priessyres S. as_hi nse t hese
e%pl at gs ar é97f88 %ﬁg%ﬁf%gﬁg&?i %451%%1 egri]@f%@@gl %gﬁ %‘” t5del age
of the WS ﬁ&;ﬁﬂon()'.hzixolh};elh pwdd b rBducahﬁIEﬁﬂrn]ﬂaét ;ﬁr&@tﬁr&s tb]ﬁla.@;hﬁ@y%le[%ﬂdﬁatés g

reater than the e hei t ween, t he Wln [ ate a

tg rough of eaﬁ%’%% Pr‘?ﬁ}l‘fqinggtttﬁ? W§ ‘r?é?r?“gff) F{j)’d?%%\ég wing ke I%&B ted
drag. Typi calankingt Bdcage ﬂz%tdndﬁat@é 7 Bu$6i @dendhfdi @k eovitlsOpitoriBe usangt 3 he
ARPA Report g% was ung le to SI fIC 4&1 |V%£ek8ve ogthls figure even
for a very Igﬁf'ﬁ ?,vagfaff%‘P e@ﬁ?“@"’t ? P Ay ksrigesthe ggiPed to
achi eve tihe b@ﬂ@@fthé@d’i%’t&@ﬁoflﬂe ﬁb@ag%@@ﬁ)the Weter 9. h?]&eabllﬁtfzbfﬁlxééﬂdﬂl@&d psS are

no better than hose a g by aircraft it is understandabl e wh
to reduce the induce 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
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and thus cause thidkndsHG6e@5Emin}) dépid U4L e Finfishd 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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Figures 3(a), 3(b) and 3(c) provide side elevation, plan and enl arged
fragmentary plan views of the thin prior art endpl ates h1Qctggerf¥M osed in
the Barkl ey Report and simlar to that used on the nodel in the US Navy
experinments referred to in the Mantle Report. As shown in Figure 3(c)
these thin prior art endplates 14 had rounded noses 15 and Ea parall el
sides 16. The Mantle report, page 414, cgncluded that this type of parallel
sided, round nosed endplate 14 would fail structurally at cruise speeds.
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reduce or eliminate the induced drag.

Q.

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:
- €y = lift coefficient, L/D = lift/drag ratio, AR = aspect ratio of the wing, % =
distance between bottom of the endplate and the ground; S = area of the wing and O.G.E.
= 2-dimensional test Out Of Ground Effect.
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side force in yaw woul d create structural failure of the endplate 57 at an
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360. 020. 01390. 00497%13 applscatlon 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
15 In a broad form the present invention provides a wirrg 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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0.5 / 310.040. 0160. 0070. 035 Table 2: Contoured Endplates, AR = 4, Endpl ate
depth = 0.015 chord s These figures show that, for small! @slofes2@34 h /3 the
i nduced drag / (h 1 S) M constant. Thus the Induced Drag approaches zero
as h approaches zero. The application of this concept can effectively raise
the el evation of the basic structure so as to avoid its inpact wth waves.
Thus if endpl ates could be designed withg adequate structural strength and
| ow enough drag to operate immersed in the water, a io WGwth attractive
per f or mance cogﬂﬂeeb cathiicetive daid Gigral ideoff seifh endpimecantli vouter Iphssing omer @idj ect  of
the invention OM I & I i r .eff.ect  vehicle with
endpl at es capa%)rlﬁ?igﬁ%frmé)gﬁra g?féﬁgp{%&géﬂdagﬂé#\a et(ragmgﬂl?rlﬁé%a §IEHBIeny ent | on
15 In a broad frsedvitheaidyndeianimmersednin ivater toraclesigheisnaersiinrigpth,Msaigreauing ef f ect
vehicle havi ngmﬁi.néH%Eler@ﬂlﬁyﬁ'ggd\ﬂ‘és@gcﬁs%%géd%ﬁ wi th opposing wing tip

portions and a pair supercavi tatin ndpl'at es each extendi ng downwardly
froma respéctive saiaftpoitiog termipating dra trafimg tdgebel ow sai d fusel age and wi ng

structure for imrergj i i | i t hereover, each said
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in a nose |ateg Jel=H \ .1 Sl sai d.endpl ate, said nose
bei ng adapt ed a?d oenggne?sg%éﬁggggl\%%%@g’g{l(t{lges itr%gthre ée%re\(/“\tﬁlf"re T@Wﬂgg'ﬁ]pg‘é‘% sai d
nose | ateral ebijectek{PNDED eSHIFERdplatPEMASAU 1 Oct ober 2004 6 between the

respective gaid |at i I . nd,wat er passing.over said
endpl ate, in use, a'?jr '%B%lgﬂr%&gca}{@vn%%%gfe?ﬁrﬁgﬁlk’%%‘gns%gg%ess au‘%m% gﬁ‘ﬂ‘giﬁﬁg‘ftudi ng a
desi gn crui se vebistedaving a fselgs ahd evingysiradhe withheppeseng wing tippbeionsand apdesgi gn

i mmer si on dept o it f I rcavity at said design cruise
speed, and s aﬁlp_e;arﬁ a?h%%lgt% %{d(g}r?'te? é?c_rl}i e%%ﬁx%do%%%ﬁ@r’fgq ?ﬁ%épetgg‘éees,md\%‘@? n at

| east part of pulick th delweusddd fueligeond wingetedrs fir dneerslpl mtveatdr siutigt Biptal | y

fixed with resmgrg(;velt,%cﬂ@%{ggﬁﬂgﬁﬁg]npe said wing tip portion and said
p

trailing edge of each said endplate is laterally displaceable, with
respect t:o $he respeppkimelredi d wing tip portion, by water flow ng over
said endplate in UsguistdiQi,] N anot her broad formthe present invention

provides a wing in gr ouna’ ef fect
' 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

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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vehi cl e having a fusel age and wi ng structure wi th opposi na wing tip
portions and a pair of supercavitating endpl ates each ek éWHFh@%vmvxar dly
froma respective said wing tip portion to below said fusel age and w ng
structure for imersion in water during flight thereover, each said

endpl ate having: is a proximal root, a distal tip, a forward portion

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 adapted to gdhdeatle saidcevit tayis @f teahdialigenipiae Walcdhnd Forodml @ach sai d
nose |ateral e ; en.the respecti,ve sai ateral side of said

endpl ate and V\gl? ‘g’?‘%g%{g‘gkéﬁﬁe 8(/Brlf’lss%rgiogPaléé??&éfﬂgf’tes,a%i ‘Jreis‘%fh%'?‘s%fpe%i’ Wil Hidy aw

condi tion at spadtht inpetsal iawaker toediddtbiprgineetaideyth. cr ui se  speed with said
endpl ate i mersed i r 1o a design imersion.depth, said cavities

form ng a supercavi tq) ;5&@%%1)%% asl?'gd)plﬁ%tsa‘lx'é r‘fig%ﬂ'rc fﬁlsaé eer@gétﬁb‘"’,dk"%ﬁg l"‘&ﬁ&é’? P'S%IB'P?S on

term nating i n the cherdidnpthof @iigedpl@Safidiesélentigidgh 1 as@nofise@agionsatdayendpl at e
is substantiall an ies in a plane substantially perpendicular to

t he chord-w sebéﬂ%%%%lﬁg%d%%{‘ﬂrcéoz?ndﬂ'@hdpl ate. Preferably, each said endplate

i s pivotably nount edn atothet alterngi oo, saik fswar petidi ofgachisaid endplam s fies gnddi r ect i on

of said endpla .o f r.t.lon. o ch said end plate being
laterally fixe ﬁ%?fgdg?o d oglga\gfggaq%eg@%@e gdatelnﬁgﬁﬁe\nmﬁlé al|ldnIS wgﬁﬁdo g‘FFeéEetC“‘(Fehi cle
may further comnpd foseardmaims. f or actively controlling rotation of said

endpl ates ahout the tive i i axes. .l.n an alternate . form said
f or war d por?) i on of %g%%gi%!\éearﬁg?rg?ﬁoﬁlg@ isﬁledeng?@e seéfeﬁ‘ls gf‘”far &t theon of
each sai d endplhydredyhaniprantt af prysswre uhtagldendidge tit snidplesigt craixd $eadatiengdidng i n a
span-w se diregt] . I | « AVENDED . SHEET | PEAI AU 1 Oct ober 2004
6a Preferabl y?ﬁdg%ﬁﬁ%ﬁ%ﬂg@?@&o %%%Wméngfsﬁng?? plate is | ocated forward of
t he hydrodynam c cefrafaably, sqid & partien ffeachanid emdpbip! las e ciaird Bagthl ofl@déagn cr ui se

speed with sai i rsed i ter to.said.design.i rsj.on depth.
Preferably, sa?' Sg&%{l@%&%dsl g@ Oiﬁagdhc@%%%atgrsllgﬁgIwé?eé’oﬁlgonl%g‘gﬂyebﬁ%g’%@mt han 0. 25
times 5:/the chophbtlrenigidiipof said endpl ate aft of said | eading edge at a

span-w sé position %Wﬁ?é ' sald. endpl ate root and tip., lp another
alternate form sai (@ ormfal?rgﬁp%\eﬁ?lgﬁwg?m &3t lo%gﬁogd"esnad‘blﬁnétlrég’iogndf?ff/%(étd and
said aft port i athickfhawaghiusdigd arelvind sheure with epipesia wiyg tiff foethondodng a paiclofi S

nounted to t hesﬁpgr%mgﬁrfgveﬁdplates each extending downwardly from a respective said wing tip
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said forward portion. 10 Preferably, said aft portion of each said endplate
extends forward of the hydrodynanic centre of pressure oPctebBp®Mdpl at e at
said design cruise speed with said endplate i Mmersed in water to said
design i mrersion depth. Preferably, said aft portion of each said endplate
has a chord length of at least 0.75 tinmes the chord |length of said

endpl ate at a span-w se position mdway petween said is endplate root and
tip. In another broad formthe present invention provides a wing in ground

ef fect vehi cl portiavibroglow shitl Setiagena RehWirdgus firUsikekion W MR QRARS iRG W ng tip

portions and a;pai .S rcavitating endpl ates each extendi hg downwardly
froma respect}hgrgwéc%ilg%h\gﬁ&n%g?l?tﬁ KENDED SHEET | PEAI AU 1 Oct ober 2004 7

portion to bel ow samgrokimakebatge and wi ng structure for imersion in water
during flight therggi\S/t [ each said endplate having: a proxinmal root, a
distal tip, s a forwar ;5’brtion i ncluding a nose defining a | eading edge
and adaptedsto generfatverdapostiiopeind@litist ¥ nitetdepany eackink aties ald shgles ff said
endpl ate and vvaeteergmpassi ng._over S%\hd epd&:%te inh use, at a zero yaw
condition at abUeaf§GRIEHAT e FeUsEschteR! 89 o saf apsplateand MRREREEE B wat er t o
a desi gn i mrer sidomdglagtiyse, @8 zab yap odntlitionattaeledinnalitePedd Wil shill 3hdplaRd edge,
and 10 a protrlumsnilosndon §a}%hsdo§) asi n .si%of said front portion, at a | ower
regi on t hereof and. arte of A&t ! fonfi ‘engagi ng wat er passi ng outsi de of
sai d supercavity, oanifhertionpahinamgisd eiflingkdggaind endpl ate when said endpl ate

is yawed with respect to.said ter, ssi ng. over .sai d_endpl ate and/ or on
bot% si des Of saig &8R9 Sé%‘@nﬁﬁgﬁp@ﬁp%g%ﬁgﬁ“g?@w%ﬁ% ﬁﬁé‘?“?é{%glﬁé%‘ﬁﬁf sai d
design i mrersiod afieqfl kid e Horsaizahingr witérugisig @xidendisag siftravigPan tkd W se
engagi ng. oai s o AGE SRR it 3 ehialens YR Rbiieoers: o S Ban- w oo
direction at |padig ®eguald dndplats andbrdesofridesrois:Ri capldephéh @fd @apiste @ndpl at e.
In yet another. broa i,nyentjon. provij desﬂa, wi,ng in ground

f ormt.he.present
effect vehicl W&ﬁ?hﬁoﬁd@\ﬂh‘i%ﬂ&WFﬁF denffp 35 i)ﬁgti”ﬁ@n\ﬁ“ NI FBRt i ons and
a pair off 20 wispdirecioniahdhdving 2 Enelpinfipes! i aeiic £xtittittis hprdsapweédigng rom a
Fespect Ve, ool Gt B RO T, SELR 36} oL RIS R L 2L Ve
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
saiq 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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a proximal root, a distal tip, -25 a forward portion including a nose
defining a | eading edge and adapted to generate a supert&¢icbgr BG4veen each
| ateral 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
imrersed in water to a design inmersion depth, and an aft portion
termnating in a trailing edge, 30 wheregn, over the | owernost 1200 nm of
said nose, said nose has an average w dth not greater than 0.006 tines

sai d chord | engt h ardeferblavaid Ryerdopion of ndawidreedpldtatagrs tohodsdwd sesedi r ect i on,
of not greater than I i qd n ver M dth. .The ng f each
said endpl ate ma _béglthgﬁe %nggéﬁ%ra{g%mf %ﬁogefo & g E?lémﬁ'gﬁ{gtgﬂs Sﬁgﬁt@ﬁ%ﬁéﬁ{ endi ng
in a spanwi se @idliein aqvane abENDETY BHERCulat PEIANAH-Wise Qirtotibiest s OdipRte.
Preferably, said for t: : i,d_endpl.ate t rs.towards said
nose. In the pr ef.er%%éyﬁi%d‘%lgr@r?? Faxcggoﬁgoﬁ%gesaﬁengg‘l%ﬁ S@ﬁ?‘%%é%@g?"éﬁ‘?e is
subst anti al Isy ffuwtionand |ies in a plane substantially perpendicular to the
chord-wi se direction of said endplate. Preferably, the width of said nose
of each said endplate satisfies thﬁ foll ow % equation: gHL < h_10rgHL1
8.8V2 - 18.8V211 wherein h = nose® > Emsgofj—g};z%el eration due to gravity, H
= design immersion depth of sai oe-fiyndpl at e, \48¥ Jchor d [ength of endplate, V
vehi cl e design speed. Preferably, each said supercavity has a length | ess

t_h?ﬂ_ 5 tSiog;esf sai qdctgme;_dinlfﬁpgishwicjﬂggaaac@tmh 'F@ﬂﬁeit@hrtayig?wjj@%{?irﬁ\%&ﬁod ocati ons
within o of sai esi gn i mersi on de rom said endplate tip.
Preferably, ov ?pﬂf?fémgﬁ%@]taﬁg’?c M%Hﬂq‘ﬁ?‘iplﬁﬁ\ﬁﬂ’f&‘ﬁ@?de@ﬁﬂﬁpeﬁbse has an
average Wwidth not @reRadily, edchadid QpQOSitf haB TngiBicds G4 SindseRP L AR AN

aver age dept h, rres%%r, g{ n a ,cqor'dwl se direction, of not greater than 0.83
times said Hos& % aﬁ iSpAVFVise; lacagioqs within;S0%of said design irarpersien deptirosed with a
protrusion on eacédpppasi ng side of said front portion, at a | ower region
t hereof and aft of %ai d Eyose, fir en%a%ng wat er passing outside of said
supercavity on the UGFSFeOba AL iigdovsrmat 440 Byedisad dosgnieid nose gs andialBat e | s

yawed W t'h respeei ndt greseé thhn\00S fimBaid ichgd RN ardah dvepdas B, SreAdi 912 ON bot h

si des of 'said endpl.ate when_said endplate is inmersed beyond sai d design
i (TR Si on ghorcpmse direction, of not greater thag 0.85 times said nose average width, d

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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20 depth, each said protrusion extending in a span-w se direction and
having a face configured to create a stabilising norment! @gieeeret¥§dgi ng sai d
water, said |lower region having a length in said span-w se direction at

| east equal to said design imersion depth of said endplate. Each said
protrusi on wayi/gres2i n the formof a flap neans configurable between a 2s
retracted position within said endplate gand an extended position protruding
beyond said endplate for engaging said ter passing outside of said

cavity, Alternati VigkirabB26did Radife el ldbHad ﬁ'%aé:k?saﬁ éﬁgﬂate Bgsez{ ﬁ%g%l!ltya’llyeﬁ%g h of

said protrusions has a _concave front surface facing said Ing”edge. 30
Each sai d en&pnaefaselyingdn ginirne qebstanfilly perpesdiculen taishid cherdeivisgydiesttion dEvi ce

of greater widthypidean said nose, said | eading edge device being extendable
al ong and over said |eading edge. AMENDED SHEET [I'PEAI AU 1 Cctober 2004 WO
01/ 87682 9 Pr ef erBpfeyablys £p $@géﬂ%t%dsgeurdﬂl/imerdsftowadh tigacehtendpsait e has
a subst anti ablpfeif babigfont surface lying in a plane substantially

per pendi cul.ar to saié1 hord-wi se direction of said endplate. Preferably,
each sai d endpl at ePreferablys vashi saidhowdplide is tapered in thickneseindm eaid foos ti sdid tp. vehi cl e

at said tip. Pref &@(ﬁp ﬁg: I s tapered jn thickness from
said root to' sai defgr?%%a%lyPre era e}?fgggg‘%%&ﬁ%aﬁ%ﬂ%ﬁﬁ%me%%e f each said

endpl ate i s taper eachBsid lendpddtel mey Hp petvisledswithiacplynlity iofl eddgd-shbpaal péibead i ty of
wedge- shaped lower .regi.on.of said aft.portiagn,

t hereof , sai ¢ ngég%otggje?g%{%%\;its%%%gp lénr?atﬂﬁerﬁ%h saig Oﬁeéir?g‘%a%- i IE0R et i on
at | east tequsdid srenaviglediieghinn atfoest siwah todedesian dfimaion danidel saldendSaied di st al

| eading edge when JHLURRT i OLewth sHa B a7 SEdren = S elE souniphat o
forward port saidleadiyg edgewhen ivieheed iniat dhomi-wiaé dirfiosupport struts on opposing
espective. i's. sa HCHE SRS Erd Bra s Be PREPELTIL § DEAP IR
toward sai d b pppoking kideadflsyid erditdie sal cdcibseppod bt aSirkilehd tHefcot torfi€lrdsSective

di spl aceable with respect tq t respectiv said w ng. towards the
respecti Ve sﬁlm%w&gcfﬂag’i%sef:@gte?‘?%re@f’igéﬁlfiﬁ‘?@aé?@WF’ESIrsﬁgg’@ portion of each
sai d endpl at Prefesatily, @uctiefitl stippdit SR Fikdie@Pis displaceable with respect to the respective

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



forward of said protrusions, extending through the thickness thereof. 20
Sai d | eadi ng edge of each said endplate may be raked aftl Ogaber 2@4di ng edge
of each said endplate may be | ocated forward of the | eading edge of the
respective said wing at said endplate root. Each said endpl ate may be
retractabl ywoousmwed with respect to said wing tip portion to thereby

enabl e raising of said endplate. 25 Prefgrably, each said endplate is
nmounted on the respective said wing tip portion by fastening nmeans

desi gned to dap detveat sail RESAL S AL SLH WRR2Ep %Jézfﬁ&bto%fdg tﬁé\g)g{er\fjsté&%&%fsﬁﬁ

mounted on the respective said wing tip portion by expl of ol fs.
Al ternativel )}’f’m@ﬂ "portion of each said endplate may be configured to
detach 30 from an upper portion of the respective said endplate upon

i mpact of a predeterm ned | o@iief Deserpfioh @MBie BRiings: The fusel age and

W ng structure may f%)rnég.fl éﬁglwing structure, Said root of each said
endpl ate may be | obREEd S0 EheoproseRy inyertionewill ey theedeseribed dt we ofai d
W ngtip part iepample with 2efgaivetidi A ADRMMBSing drvinBEwnaRgE €i n a seal spans said
1 COctober 2004 WD 01/87682 10 gap between sald endplate root and said

- wingtip portion tomgudd i BEokRRAELGUEREE Bor R RssM Y dnbk WOGL I ON. Bri ef
Description of the.Draw ggs P}j eferred for g‘}lg’: he present invention wl|
now be descri bed b@lgVﬁ\y@ S & Qe ViGY ohl &ifégre Ya)-he acconpanyi ng
drawi ngs, wher ei n: Figingu(a isla pian defobihe WG Fidvan1(4j.ew of a prior art
Russi an Ol yonok hgqure 1(h) .is.a sjde el evatio iew.of the WG of
Figure 1(a). Fi gu\rqé:l%f(e gF’b ?Ssa Sédepelﬁeav)ﬁu% ‘GWB#"“‘[EI‘? IWG%@FW%%F(%%“I? &) Figure
2(a) is awside el ebigie(b)is Duosiscaions pibalvidveofalie dndplaldloBFRiurdHi(gure 1(a). 10
Figure 2(b) is ac ctional plan view af the endpl ate of Figure 2(a).
Figure 3(a) is a sllslg‘gl%e vatd an \??’ga BV ﬁ?iao?noéraft @ﬁ&%feaiw@m&l@@oﬁo ffig to
the Barkl ey BRégeyrRepoffi gure 3(b) is a cross sectional plan view of the
endpl ate of Fi gureg; j i r fragmentary cross
sectional plan vi emfléél?b{br}uggagérflgpIsa‘{ﬂ(eéhalf%ngfe“g?ryé%r%ﬁglftg)oggﬁ“&ﬁ@' 4(a) is a
front el evation viBiguef(Q ipam ovarged fragmeplagt @os cewiodal péant viewbfithk endjdate 4 Of
t he Barklgy B?Pi%ﬁfea(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(a).
Figure 6(c) is a plan view of the WIG of Figure 6(a).
Figure 7(a) is a cross sectional plan view of an endplate of the WIG of Figure
6(a).
30 Figure 7(b) is a fragmentary front elevation view of the endplate of Figure 7(a)
and adjacent wing structure. '
Figure 7(c) is a side elevation view of the endplate and wing structure of Figure
7(b).



Figure 4(b) is an inverse plan view of the endplate of Figure 4%5384 Fi gure
4(c) is a side elevation view of the endplate of Figure UPgobep?0WHE gure
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). Figuweob§wms$2 is a side elevation view of the endplate of Figure 5(a).
Figure 6(a) is a front elevation view of (R WG according to a preferred 25
enbodi ment of the present invention. Figure 6(b) is a side elevation view

of the WG of Figure 6(a).. Figure 6(c) is a plan view of the WG of Figure
6(a). Figure 7(a) F%g“‘f ﬁ%%’é‘sﬁ %&?Wﬁg?mﬁ srtipplplian Fiewpfdheiph aedionof thee W G
of Fi gure 6(ahndplatdaf Figa7¢a)/(b) is a fragnentary front el evation view of
the endplate of Figure /(a nd .adj acent wing structure. Figure 7(c) is a
si de el evati on vi e&)ggfest n& eé&@’@&mcw sactionat plem visw ?fitgqﬁ@rﬂﬁ(%f. 1
Cct ober 2004 Rir®I(a87682 11 Figure 7(d) is a fragnentary cross sectional
7(a). Figure 8 is

| an view of the a oftion of the endplate aof Figur
gn enl argéd frag rreirﬁga'il&'y§ & 8&@%’3?{3'0?{8?5 Pté‘??alvl(’)l VEW pha fighapiedtadpiate
Fi gure 7(a). depibtingdreg frdes inca favagmditivar y cr oss sectional plan view of a
flat nosed endpl at g, 1.Cti drag forces. i yaw condition. Figure 10 is
a fragmentary cr nglgls‘}%c l%i lgﬁzﬁé %Bﬁe%rﬁ%v‘fr%% SS%OQQP%ane%Bgééo@ﬂd’ﬁ?eéteé plate
depi cti ng dr aigpitoradag forceninmyevcamditivion. Figure 11 is a graph depicting
drag versus speed full; d . 1Q supercavitatin ndpl at es.
Figure 12(a) is a ?i%g:gerrgint%r%/\e#@ntd%;%\ga i°8n e@?ugvxfpg?gafﬂr %ﬂ@pl”%’ﬂiﬁé #08or di ng
to a prefler seppresviidmgsadnlated t he present invention. Figure 12(b) is a
cross sectional pl a2 &b %g? Ei l?%) aken .. at _section
AA. ,15 Figure 12(c) is, gx)cr%ss&éect_ %ﬁ%ﬁeel%{a%@ @%&fé& éattee??a?ffiﬁgé" 8f
Fi gure 12(a) Prefwesd enbodisset ofdhe BBienFnymtion.12(d) is a cross sectional plan
view of the endpl agguff12ft) W4 EroddeBlorhAfiE view of the endplate of Figure 12(a) taken
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).



at section CC. Figure 12(e) is a fragnentary cross sectional plan view of
the forward portion of 20 various endpl ates. Figure 13 %iQclgbacd{¥atic pl an
view of a flexed endplate. Figure 14 is a cross sectional plan view of the.
endpl ate of Figure 12(a) generating a |eading edge cavity. Figure 15(a) is
a fragment awg oi/8%8 el evation view of an endplate and adjacent 25 wi ng
structure with support struts. Figure 15 P) Is a side elevation view of the
endpl ate of Figure 15(a). Figure 16(a) is a side elevation vi ew of an

endplate with a | eRfiufgIREOR £18\sE Soctioral %ﬁtee%ﬁ(@a Vied éfEﬁ% ?@% oft’ 05

sectional plan view of the endpl ate of ure s a
fragnentary cjiyeureg %%ﬁa?cﬂapaﬁmw@%mrwaﬁ @ﬁ'@[w@ﬁ é‘fﬂw t h fI aps Fi gure

17(b) is a side el eigafd by @ﬂa@ﬁenwﬁm%&%e&ﬁ,ha Rt FLAEE bk (P e shhide
18(a) is afra%grrgn‘aﬁ cross sectional plan view of an endplate 'w

fixed protrusd ﬁtﬁ*és‘i@m{lﬂ]}*oﬂwﬁl‘@?% el evation view of the endpl ate of
Fi gure 18(s) . | @F{éﬁ@" 19%9%1 atRdR %%Zﬁﬁﬁldlz%levgﬁ&uﬁgw %?iﬁ)c oi‘ ?n&astrﬁgtﬁrgsof

sectional fraqont elevation view of an endpl ate support struc Keén at a
section i medigel§borward of the pivot axis. Figure 19(b) is a
fragmentary cross gectional front elevation view of the structure of 19(a)
taken at a secti onligite 28fa) fsaplpn view ohk flging wing ageqrding ¢y 2 prefesred embastipent
sectional si dgtel ReaitiMenieLw of part of the structure of Figure 19(hb).
Figure 20(a) is a plan viewof a fly according to a preferred
enbodi ment  of t he* §PESIMHY 1§ %@’@Hﬁ%ﬁmnlﬂ fgh eXbying wing OﬁFl’gﬂ‘@ﬂﬂ(aél evation

view of the flyi ngFm@omjlﬁgwaevaﬁ&@«)lewoﬁqﬁe ?‘Fﬁn f? si de
el evation vi ew of tghe fI %gr#g&?of Fi gure 20 ure 2 is a front

el evation vi ew of ’rgu’ifIZtl Yarign Wt 2 aéeﬁyp(lg))mqgs a side
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15 Detailed Description of the Preferred Embodiments

Figures 6(a) through 6(c) depict a wing in ground effect vehicle according to a
preferred embodiment of the present invention. The wing in ground effect vehicle is
provided with a fuselage 2 and wing 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
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of the 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 i:referred 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. '



cavity 25 will nove to one side so that the water 26 inpacts on the aft
portion 23 of the endplate 17. This will produce a | arge®©sicder 2§ce on the
upstream side of the endplate, resulting in the endplate needing to be
designed with sufficient structural strength to sustain these forces. This
results in excessively thick and rigid endplate structures such as 20 those
of the prior art. The structural requir nt for thick endplates results in
| arge drag forces, such that no real drag reduction benefit is achieved.
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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.
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As depicted in Figures 7(c) and 7(d), the endplates may be provided with a
plurality of wedge-shaped members 32 secured to a lower region of the aft portion 23 of

the endplate that is immersed when the endplate is immersed to the design immersion
depth. These wedges 32 assist the weathercock stabilising effect when the endplates 17
25 are subject to increasing yaw angles, which may occur with increasing wind and wave
action. This causes the back part 27 of the cavity 25 to move from side to side so that the
water impacts on the wedges 32. These wedges 32 direct the water away from the side of
the endplate 17, maintaining the supercavity. The sideways force on the wedges
produced by this contact with the water again pivots the endplates 17 around the pivot
30 axis P (or flexes the aft portion in fixed endplate embodiments with a flexible aft portion),
so that the endplate 17 aligns 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



tips 19 are slightly below the surface 9 of the water 26. Gravity causes
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region of the aft portion of the endplate is always nore in contact with
the water than the | ower region of theic orward portion. This noves the
hydrodynam ¢ centre of pressure further xft of the pi vot axis P so that

t he endpl at e cdfpRéd/ Rt Ssradifth f epi ct ed
in Figures 7(c) .and 7(d), t%gfagﬂgtdogfgitprar%% ca@r?lgs?%%%eok%m lagﬁl ity
of wedge- shaé%a‘ﬂ%ﬁéﬁ‘é@d@ 3@8%@9& th%loafelrmn Of@glaﬁmod?fontﬁ?aevkafetthpwataron 23
of the endph@,;t&ﬂg]ﬁéuﬂea i mrer sed when the endplate is inmersed to the

desi gn i mrersi on th. These wedges 32 assist the weathercock stabilising
effect when the engbﬁ g $he1 gboye mpckanisylsj tocprovide ianweatesionky s;ahxhsmgg;lf&:st, whi ch

may occur W 1163si MR8 T calses th k part
27 of thescaw 5 to m\%ﬁpmoﬁ?ﬁsj?%\@g% S|%e19§%lthttﬁé¥vatte OW%Pﬁb F‘%ﬁ%ets on
t he wedges 32awam@@re sidsdigesss, 3nechiinical failureeandethe bubivafythé water/eﬁaiplas fliztiof t he
endpl ate 17, I Rihgy t he supercavity. The sideways force on the wedges

d;

produced by t s contact with the water again pivots the endplates 17
around the pivot 3bhemabove pas§ive wedilexwsk type nebhansorstarecthe pmfeiﬂe&eldb@md&htat e

enbodi nent s i.bj so that the endpl.ate 17 aligns
itsel f agai n%\nﬁltg ﬁ?etsadet%v\%ep éﬁl faf? &Wqulf’\%]thttgh%}ethge SPRSOB SRS 5%1?7‘{‘)10’37& 5 %F t hough
the wedges 3gapableof sctivelyf aligoingrthg ehdpldtess 1 Desith ﬂmumtert few if ha;uizea al Agr ag is

| ess than th f thes WG s aboye 100
knots (51 rﬂa“§s '1[5% EDO%gDm‘rg?@lq{) a@%B{aﬂyc?Pprf ﬁf%ﬁ% axip s tog @r?]éi‘lué"wedges
32 incur addptomdnalpamvewhaﬂ:grcﬂ:claﬁecltwaona@@éhv&&p@aﬁpar ed to a snmooth
surface, it does oV ot al ,surface of dpl at es

with these Wedgesntgofmgﬁ%laIi gﬂﬁff f}"h%% SR deriEpLTosR B lgP"f‘?%lé%FP ]ggrapfié@ﬁ wher e
the water c6) hote a designenrisoaseed\dréater iand 50 ﬂtﬁotabmﬁ/sﬁeﬁtf‘taébﬁérﬁuﬁegr meRVi de a
weat her cqgk sta‘%@I ng effect~ s ali east the aft _portion 23 of
the endpl’at e?Y efehﬂghrgl%cfuérnpf ﬁafsﬁﬁfaff’f‘uﬁe 2 S%\Wa"@’eggr‘@e&l

forces, nmechemiptiad isfimidersed t(ﬁa"ldksighﬁelhﬂ Kigpiodliyt fidin ﬁEﬁu@ﬂ &'&ﬂ ARb@nen)fahdl GpitoN

drag are el erco pe nechani sns”are the

preferred elnﬁr%ﬂf? dI[3 gf(%) mﬁ‘Be E'n%g Swﬁlgegt i B]ﬁlu \A‘Méar"e SEH WEdEhe ad

sensors, conpiticitcula shribotls,ailifticd, @fcllar ki 0ARMRY tdd. ARY bVELN BhdegRhRg the
endpl ates 17 _wi,th the water flow if required. As discussed above, this wll
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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.
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m nor damagelrd mimmisepihe tdrag ofttichesdpidtb, Blej thkkRess 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



Thi s damage can be repaired easily in situ by sinply grinding the damged
area flat. A conplicated nose shape woul d require the ri€peobgr 2004

repl acenent of the damaged part. The flat nose shape al so m nim ses surface
cavitation as the water ventilates cleanly when it |eaves the square coner
31. In contrast a convex shape would likely suffer from surface cavitation
that woul d eat away and destroy the desijged shape. The drag of a
supercavitating shape is proportional to the size of the cavity 25 it

produces. WhiFkaide amfirh®drs sl 8sclle@JUCRE 8xpeAfBRAl GaMI bidtaided tAdhe

streanl i ned os of th w dth, the desired caV|téJS|ze can e
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be selected so thét e 1 ength of the supercavity 25 gener at ed ﬂ; a design
cruise speed with the cplate imersed to a design i nmersion dept

slightly Iong&l than the chord length of the endplate, such that the
entire enéplate Will be unwetted without the supercavity being excessively
| arge, which woul d rquyz in alarge profile drag. A supercavity |length of

| ess than 5 tines ﬁ—‘ﬁ)rd | ength, and nore particularly |l ess than tw ce
the chord | ength, over | east the | ower- 50% of the inmersed | ower region
of the endpl ate isbpawﬁgkmgm, Tests were carried out on a nodel of the
endpl ate accordlng to the ﬁreferred enbodi ment in a high-speed,

vari abl e- pressure, (d, annel with the cavitation and 1 Cct ober 2004 18
Froude nunbers propembgelmhadetogkmwmemmﬂqpainﬁsﬂy,a obt ai ned enabl ed the
developnent of enp rléa ﬂﬁgﬁlona whi ch enabl e the sel ection of the nose
wi dth. Ba¥ed on t B%? FERR CtRita, the ratio of cavity length to nose
wi dt h can be expreBsesdhiglkspebd20Cd s where: pgH 1/2p V2 | cavity length, h
= nose width, g = acceleration due to gravity = 32.2 ft/s2 (9.81 ms2), 10
H= endpl at e i nmer sPon %@ﬁ%?ﬁ afer, apdhi cl e speed p = density of water, and Cd

is the classical d@tgg ﬁg%ié(sél&l%lpig éo%gﬁeni’?%té B[é%‘ eéj ?%?gagﬁa\gngaﬁatrigmf | at

pl at e nbrmal to the flow, W th
normal to the flow, with:

2
15 C, = ﬁ_o 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= 1.7 @

For example, for the flat plate nose, C;=.88 and for H=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.



Equation (la) is in large disagreenent wwth the |ineaxised result given in
the literature, such as in the report "The Shape of Cavi Prieber2004
Supercavitating Flow' (Proc. 11th Int. Cong. of Appl. Mech., 1964) by M
P. Tulin (hereinafter referred to as the Tulin Report), where 1/ h=(8 /7c
orn/ 2) Cd/ 6 2 depending on the nodel used in the derivation 20 of the
equations. The large difference is probaply attributable to free surface
and gravity effects. Using the enpirical equation (la) for the cavity
length behind a flatgnose,cthe ypose width required to conpletely unwet an
endpl ate of chord | Fh- L( Ed—tsd{a depthH at a spee@®)V, is: 25 h =
gHL (2) 10CdV2 For ‘exanple; for hé flat plate nose, Cd=.88 and for H 12
(3.7 m, L=60" wha8. F,=imekedard, awd200 knots (103 nis) equation (2) gives h =
.02" (6 mm Furthernore, equations (la) and (1b) may be used to derive the
following 30 equati@p2¥’&stimate the area of the plate that is wetted for
any value of h, H L, an?kV. 1 Cctober 2004 19 HL=1-HL(1tl" CL), L<_H

where S,, = wetted area, andq C 2 Vh 2 The drag (D) of the endpl ate
may then be sh %\Hgf‘%{DSBf.fhﬁ“%’%m g é‘)OWﬂt(?Q?) s 2CfHL1/ 2pV HL2CIL where
Cf = skin friction coefpicient, Figgpre 11 provides a conparison of the
estimated tot al dramﬁms for a supercavitatidig flat nosed
endpl ate according t'o” ﬁe gxanp e = .02y H12', L=60") as conpared to
an equi val ent ftbk ¢ 224 fB6licadsipdothe. Again for the flat nose, Cd =..88. The
10 total drag for t%e wetted plate is ohtained from D (fully wetted) =

4G HL(112pV2) (5) T @“@%E’@W fCQMBATISQY of (g estimatad torphdlrag Heawyiag Pregds deixi num

thi ckness occuskg@reaVitatingFIaf dxdd EdpRkeactdadidy tb 18 emdyield= bENGLN’ gagysaul d be

estinmated by the follow n i.rical
y compared to an eql%vaﬁgl? fully wetted endplate. Again for the flat nose, Cy = .88. The

o fotal 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.

!

max

h

=approx. 73 (6)
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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equation. 15t h =approx. 1/3 6 (6) where t,,,. is the cavity maxi num
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side force. The endplate forward portion 30 might be made of solid steel or titanium for

strength and stiffness. With the endplate forward portion 30 being tapered, its thickness

20  Increases with the distance from the leading edge 28. With high pressure differentials
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



,is differential between the air on the inside and the outside of the

endpl ates caused by the lift of the wing. Wiilst the erdpriaber 3dwar d
portion 30 nust be made very thin to fit inside the cavity, it nust be of
sufficient lateral stiffness to resist the above nentioned side force. The
endpl ate forward portion 30 m ght be made of solid steel or titaniumfor
strength and stiffness. Wth the endplatg forward portion 30 being tapered,
its thickness 20 increases with the distance fromthe |eading edge 28. Wth
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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



"15 endpl ate has a drag coefficient of about 0.00029 at a design cruise
speed of 250 knots (129 m's) and a design i mrersion degt®ectoberl2Z004( 3600
nm). This drag coefficient is based on the subnmerged area of the endpl ate.
Wil st there will be no cause for divergence with the above descri bed

endpl ate enbodi nents of the present invention if the endplates (or at

| east the forward portions 20 thereof) 2 e assuned to be rigid, the

endpl ates will always exhibit sone degree of flexibility. At slow speeds
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2 10 where qué@%%gg)gﬁ?ﬂbs)gﬁgﬁaﬁ@r egéslﬁérpe applied to the wetted portion of
the endplate forward of the pivot axis. Equation (7) assunes that the nean
val ue of AP across M he comtl/@bIigI1+an764)/ 387> Endpl ate has its centre of
pressure at (12-Q Z M { Ts Turther ,assuned that APl '/z pV2 is a®

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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can be dr awn high spesdtis tequitade endpl ate 17, inside the endplate 17 cavity 25
for 15 zero drag. ) n_be us under wat er
situation where | O@ﬁ%ﬁ%&ﬁgﬁ m(f#e%{{)aegﬂt %plygtcfﬁ‘fs a@& Spec’&r%w speed depends

on the length of the cavity 25 generated at that speed. For example, if the cavity length

extends to the pivot axis P, as per the example above, there can be no adverse moment

20 and no possibility of divergence. Consequently, it is possible to avoid divergence at any
low speed if the nose 28 width could be temporarily increased to increase the length of
the cavity 25.

The required flat nose 28 thickness can be calculated as above and any other
method of diverting the water sideways from the leading edge 20 of the endplate 17,

25 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
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wat er whilst mar {aefs'ni ng lateral rigidity of the forward portion 30. Jo
Wien the endpl ate i Flepub) @itt hdveviraputentallptestl iSwRRMGR\E IR thdphtsBRRES, t he
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engage water p&L<Ph 1281 & MGehapipRlly SOWRISSc avity. The forward face of the
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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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Flaps 60 will, however, potentially result in weakening of the endplate
forward portion structure, and are nechani cally conpl exl. Othbga2004 si npl e
flap at or near the nose could be extended on one side when the 20 yaw
condition is sensed to tenporarily increase the cavity width and avoid that
side of the endplate fromwetting. During extension of this flap, however,
the resultant force acting on the flap,2would act in front of the centre
of gravity of the endplate resulting ina severe destabilising nonment. At
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ressure onth f or orti.on 30.0f the endplate and thereb
P upstream s1 e of B—m endplate will Impact on gm pllront face of the protru%ion at the

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),



is avoiding divergence or failure in yaw. It also allows the water to cone
into contact with the full face of the protrusion 64 td Qctebers2G04e | ar ger
cavity. The front face of the protrusion is configured to be

hydr odynam cal |l y stable, here being concave in form In yaw, the cavity
will nove to one side and water on the wupstreamside of the endplate wll
i npact on the front face of the protrusion at the 20 upstream side. The
centre of pressure applied by the water % the protrusion 64 will be on
the upstream side of the endplate, and given that the front face is
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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

i

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. '



15 Horizontally configured bearings 36 are on the end of the struts 37, 38
and the corners of the plate 44 and the box section 45.1 Qelobércl04beari ngs
35, 43 allow the endplate 17 to rotate and align itself with the water
flow. The endplate 17 is raised by extending the hydraulic rans 39, 48, at
the sanme time the hydraulic ram 40 is extended to keep the endplate 17
vertical. The solid strut 41 maintains a.const ant di stance between two of
the 20 bearings 36A and 3613. The solid strut 42 is in the sane vertical
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t he upper portlon Q t hus | eaving the 88 tion of the

endpl ate to Plﬁge ﬁ%?@ quB?rFq shovanin Fygures 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.



15 The endpl ate bul khead at the wing tip portion is thlcker t han the
endplate 17 and is contoured sideways and vertically forOfPhemAd%air drag.
The additional thickness provides additional strength for spreading the

| oads fromthe attachnent points 35, 43, to the rest of the endplate 17.

I n anot her enbodi nent of the present invention, the WG is configured such
that 20 the fuselage and wing structuresforma flying wng structure
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present invention pave al f | spl aCenent of
the trailing ediste ibno gdedlipangipereatad by Sreprinsandithe bnlmwemh@&tbajckateﬁslnyab@ I | si ng

effect, the applgbeanbml %?oc?ch WAYSSioh, OTHIBwA: va Leh&s Wgueq&w

require the prOV|S|on of pi votal nounting of e endplate or eqU|vaIent
to provide the lessthip Atknets é%)érm/%ffvre%ﬁea SpRée fhe@@mgwe@n@w/éaw e W Bl s

typical l'y fl owappbsbiardipes. q'ﬂidﬁﬁ%éwﬁsﬁﬁ rﬁe&%aﬁmlh@eas&@@ey&tf% wiBhi s is

contrary to the pri t.he advant age creating a very |arge

reduction i % the yaﬁf%‘ﬁ@?ﬁ%ﬁ‘%‘f"s‘i Hapedh B GptsE so %ﬁrﬂlq FupAengh 4 ?& W@qu yi ng

((:(ZJTpln;at ;al y SbOVﬁgcrézBﬁ twadverﬁi §d;tr5t HOS tgetenaﬁﬂe kk[bﬁilﬁng&h?ﬂnefﬁvﬁm aldh btha ﬁneéﬁ knot
-m's) sidew.nd waul si.des pr.o e

however the endff*4t°dd ﬂ?r%“?o"ﬂ aﬂ.{lsymfeﬁsegﬁ@'av& @P q’efaﬁ t‘%‘(%re i 3d"ésl i p

angl e creat ed bygld, haaywiomdbeasudficichietooarbommyaluie aleginglli ywwt :hlgles cdtkat el ify t he

Si deways orbit }»m&fhf’ﬁé EQ{deBfe \M@t}:gnaﬂgE{( ala%]go%glvfié e%orc{%u"&#aéyv?ﬁa h'e

surface is lik ess t ed 'State 4
creating anZOendmtatnet yavinga hagrally ohifioently to a!pmcmhﬂ readpiitey tiR, ne¥hits alinghe wi | |

reduce further eMUpIaQ ADEHERAR N Ee E%ﬁgg Rhtech&ifis Waed.

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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is If an endpl ate nose shape is now chosen so that the cavity |ength at
cruise speed is increased to several, say 5, times the %ﬁ@tﬁl\;@&@oéhord

|l ength, there will also be a linear increase in the cavity width, This

i ncreased cavity wi dth, because of the reduced yaw angle, may now be
sufficient to accornmodate the small yaw angles without the aft portion of
the endplate wetting and creating additignal side force and drag. Wth the
20 cavity not noving laterally sufficiently to inpact the endplate, the
need to align thee i QQ{%' at e afttb.lg)orti on wWith tqie i Hco,m' na%, waterflow is
reduced. As t h&€aVIEy" GFaG T S2PrEBIPPIBTEPTTH25OPShE BNgtaRs of Airsvolitdpl at e
woul d have a hiegdpéate, andedcordingly agstdbleatwisting imemtra biealdengpbeatrentad dbbytancavi t y

|l ength only sli I e endpl at e ord | ength. It would
however have tﬁg‘p}g g%%‘?gggi%’%eﬁg{ez@a{eéag}ée a‘@@rﬁﬁ?e %Eel%?’;’f the%“\ﬂ%%ﬁs Ftedasi rabl e.
To avoi d the nélegdge3ipif (hotlatrioes, sxlliphiabesntiz fovesd eshpuia 30ef dlesidghed whi ch is
sufficiently, napramyto provide low drag characteristics whilst still
generating a supercavity with a length several tinmes the endplate chord

| ength at design cr ullismais geEddssigas haweverp that howw Haorof sheaforwaydwndapgties. The
nose shoul d al s@v.arReleatify e@%e'swb@(ttted sl o¥ tﬂeg}aiﬂrﬂ%gi de@MindeNt p%%mt ing?rﬁ’téx% £ds such

that adverse tw sting nonents about the endplate centre "of Vity do not
tend to excessic¥dFyWill|ase be arertiblin Folons sohesidinecder wesied leagth &y suffisisntsindpl at e

and cause di vengenassp tWtkduithg Sdsdictal2hding e fferath @BEtmé &gglatfe letvarB SRS
di scussed above 'E{ relation to the?aib%gqove descr.i bed _enbodi nents of the

present i nvént MYhIVEIHERANEH AR 8 Dag5e velgt e ibesatie 33 and capabl e of
%\E/Eﬁ/; EtD i gaEtE _rll_e InegzsﬂsaﬁmblsU@elrgm@viizs%a/tdrfia&%mapﬁdnc_ttls@{bﬁﬁgtiy_aiﬂip&gﬁo@fwadgee flat
: er ose is that it .creates a

stabilising tw' &Eian‘g]ﬁ\#ooﬁgaat% gf%su?“etc pad gef'g}igfm‘gﬂ@mglflméjeﬁlf‘%fhieﬁ °r3‘§‘ﬁedpl at e,
and accor di ngl yirectistt @ftiése thbovi. 83 timygy treonevtidtino Tigpravides a beximusabediepthofit t he
centre of graviglogs fhedhnd b koG AR el WRscE BMbY. GRREEAL Skl 1! 0
nose 28 is created at the edye 0 e? at " nose, suc R entire
forward end spordeticet BFigyre Zhwhantplratee’Siles B indined fiexs. 79AI These neaciznumos e

desi gns, ' howev gfncnlifiat L B s %fe avt\;e\g?ee&@f HBlicve %Pﬁ%%ﬂl%vﬁ.m&?mﬁéj the

| eadi ng edge wetted upstream o waterf] et achme oint"Initiating
the cavity, wiendrlag digwle opgrtiop aldsicrgn igwnersion gerdtsofidtiest (188fanmy Fselgezenet t ed
llength is suffigedi@ninhirsioh BtHs Ahds® B bilEredt@tibhsish\l ShHQvEQ &y sfafBMi N tO
| aterally flex the ?nd ate forward po%'t,l og} o in a divergent manner, to a
manageabl e | eyl SRR gh poseoud alse wipulficiantly idedn padine 8 sveraB At desiEn
triangul ar pri snise epedd| Throwalgs tifahstonk MDA daiRMGE 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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with a width of 0.006 tines the chord |ength and a maxi num depth in the
chordwise direction of |ess than 0.83 tines the nose widPaObFR4r ovi des
a maxi mum nose depth of 0.005 times the chord | ength for a nmaxi num w dt h
endpl ate. Such a nose configuration is is depicted in Figure 22, where the
nose 78 has two inclined faces 79. These maxi num di nensi ons need only
apply as an average over the |lowernost 4gfeet (1200 mm) of the endplate,
al l owi ng operation at a design i nmrersion depth of 4 feet (1200 mm). For

| arger design i meygioOn depths, these nose size restrictions should apply
over a greater span ofr' the endpl ate. The nose should also be sufficiently
wi de to produce a stipertlavidtag conffickas pigh wedge cvithitkeeabsprematemuiT enansidge

di mensi ons, anghif@éskiic Ardyy the restriction on the relative depth, will
ensure a sufficiently blunt nose shape to keep any wetted length at the

| eadi ng  edge suffié’?/:elﬁ@?%4968\59‘.‘“361‘14@#‘“%?’@’6§?1E»1E§W“taﬁ@&45hapes can be used
provi ded the wi dth &n@b’gem)’r(mdoirml)t ations set out above are net. Curved
nose faces are not preferred, however aus 25 of the dangers of face
cavitation at the hﬁb&r‘f‘{’%"rﬁ@f"é’@ess"p"g@&tyo?owgﬁ.=4$ILH‘°§S @gwsﬂ'ati on may cause the
probl em of vari ablh eTld:rc&%;rilbtfda&eH sthhpfbgwiilmhe&lfc)taﬁriv&b{hﬁ ﬁamdlaurw&e@g@lamtg gavi ty
size. To asses_ the stabilj] of..an, en ate wiith a nose as describe
above, we can t@%FI(Q,‘ﬁISB?c o ﬁ%tk}(?ﬁ Iﬁsrff(ﬁr\ v@ﬁ%?ﬁe‘ic&/lsﬂ%‘ﬁﬁ?ﬁ”éﬁbm{ BB BauwErda cavity
ext endi ng to ativirgastcatshkbynthasidehforcelagtiog ot a lagé wethed arn dipkant 6f tiddetie o | | be

t he approxi mate, | | tr gravity of the 30 endplate. This
w il resul tlg?n&%‘}ﬁtg(rsg&%%:aﬁlgéHéaﬁggtgﬁgﬁv(\gf@édc} area forward of the centre of
gravity which coul dThiemoset shaped¥e hased youf [westedt lsagtle {uipdsatd it thec chosdvise

di vergence. Thj: i : ' | at Lol i 1(a) and
(B o ar i varalth) AU AR o B BRI R M BRR3 5 s
where: CD = .will be wyitedband eefurh ¢ endplate ilbnojdivigee ahbigihcrvibrspedddve maxi mum

di mensi ons  (thi ckngsadiediahidnasd stépe s TnakdwIddth bADRE 1HEY the YRR RV e

hei ght for sea state 4, 1= 60"12 = 30" (9140 nm. The, above provi des a

vel oci ty Vv 'of % thepuerall oayitydiag coeffigient iy agly 0.08R & -5 4 Widihy xiseg sqeflieientiohhs wi | |

t her ef or & unweghageh eveligepad.obmhicto at KeeroNShRdn@t® 1ak that her EbeIbppeedoof 49
knots (25 m's). This speed is | ow enough to avoid | ow speed divergence
caused by the ¥ de force acting on a large wetted area in front of the
centre of 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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io gravity of the endplate (located at 50% of chord). This nose shape 78
has a |ow wetted | ength (nmeasured in the chordw se direcPfBR§ #4040. 005
times the chord length (as only the faces 79 of the wedge shaped nose wl|
be wetted) and as such the endplate will not diverge at high cruise speeds.
In addition this nose shape has a narrow width of 0.006 tinmes the chord
| ength so is that the overall cavity drgg coefficient is only 0.006 x .51
(width x drag coefficient of this shaped wedge) = 0.003 which is an order
of magnitude |ess than that guoted by the prioor art. A fixed non-pivoting
endplate with thi sinn%as“é t{gea?foﬁ‘r‘lsé?”e?‘*o'r%“ﬂ%ﬂ? r{peE Apsesyillcingir wddideneh depge .
'(Ij'hi s ngsg shapesed &p izl messhie ufsleallwb dﬁtBr mmetzhmgagmﬁtml b@n.esrhsﬁﬁéia%b%: b the f
escri be 2 ve. eseri bed above jn ation fo e enbodi nent o
Fi gur es 18(agmgﬁ%@§§F@§?gdm§'h?$38é %8§%ﬁéﬁi %tﬂ§%ﬂgF%ﬁﬁy%ghﬂmFﬁﬁe@avity
and avoi d di \agragtveomption whewit isi wikhed tpavoit the gomtexdyl o bivotind enldpla®tk, SO possi bl e
to use a protrusion 64, formng a 2 stage nose, on a fixed endplate
provi ded the angles of yaw are small, as will be the case with the :
endpl ates 25 constantly in the water as di scussed above. It is therefore
possible to construct a low drag fixed endplate that will not diverge or
fail in yaw by using a protrusion 64 formng a 2 stage nose and 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 smal
and this type of endplate is therefore an attractive option when it is
wi shed to avoid the conplexity of pivoting endplates. | Cctober 2004 32
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| . Awng in ground effect vehicle having a fuselage and wi ng structure
with opposing wing tip portions and a pair of supercavi t hPciogee?f at es
each extending downwardly froma respective said wing tip portion to bel ow
said fuselage and wing 5 structure for imrersion in water during flight

t hereover, each said endplate having: a proximal root, a distal tip, a
forward portion including a nose defining a | eading edge of said endplate
and termnating in a nose |ateral edge on each lateral side of said

endpl ate, sai ngég\ésibei ng io adapted to generate a cavity extending
rearwardly from each sai re he respective said

| ateral side of said endp g?n %\gﬁn(a ecrt%%gcges?ar‘i'ﬁlg&&gsreag%lf“& WiEg pCHice, in
use, at a zerowyhﬂpmmwtng@m palﬁlo@pmédslalupf stupermdatm@eﬂldpdtte@gacﬁ eﬁll@lﬁin%n cruise
speed with sai g, gndpi rsi ept h,

said cavities gi?‘orm f&a sggg%zlgevsaid V\?ttgé)l g’sgg %ﬁé@&”“gand s an
aft portionst e$tndptlmtf®rri@mbmioaintwaw'r ﬂurmgﬂxgugmreowsraaam saxclahdﬂla@s?lﬁtrm yart of said
forward portion of %% %?rl endpl ate is laterally fixed with respect to
the respective said ng tip portion and said trailing edge of each said
endpl ate is | ateral hyisditippl aceabl e, WI th respect to the respective said

wing tip portion, ai d n, us 202 A W ng
in ground effect ve |é?0§8§é1r3{’nn§¥iqé&] ﬂsne(J %%“'2’“‘3 %ﬁ?ﬁ%a@? Pm&)la
opposi ng wi ng teimpngiog in omse htechl adge ah rachflatersipite of wiid aidplag, @mdmb@mdﬂ@ each

ext endi ng o] ive saj p_porti o, bel ow said
fusel age anlg \M“ %‘Q@n E&j o anEr?t@a cafwgf Q)ﬁgndmlgseaé\ﬁar?lﬁvﬁwg? ga}ch lnr%e \%ef% Gige

t her eover, eachetwan dheemj:pcttat @almavaraigxde af pmdmndmte andOkater paing ofbrSda@l tip. a
forward porti o] I a..no din of, said endpl ate
and ternminati ér]lléibllgt% IH% s fea(iz ogél ge o eeds C??lt Ia3¥@FIH%n%F8?1%f°“§§|

endpl ate, sai dsm@%ﬂbmmdpladmpn@md trowgemie raaleagralmmdnyieptx, @idtbavites
rearwardly fro#g] ) . bet ween the respective said

| ateral side o sg?%wé%%?g}ty¥§ﬁdhegltgggxﬁfsesrjga35| ng over said 3a endplate, in
use, at a zero yaw mmfdmttiouterrmnatmgeed&ﬂmg)ectge, and including a desi gn cruise

speed with said end 8okl 8 de ner.sion dept h,
said cavities formgiﬁé&rga{slggggécaw yf%r'EN sé"’ﬁ“"&é’%f’ ﬁ %&ﬁ’i’@é‘teslb%’éeﬁﬂlyand an

aft portion tefiyel Nathlrﬁgect w the tespaétive sayd eihgeip péNENafBHEinEg elidebohledt) 1
Cct ober

2004 334 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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wherein said nose of each said endplate is substantially flat and lies in a
pl ane substantially perpendicular to the chord-w se direcPriehent0daid

endpl ate, 3. The wing in ground effect vehicle of either of clains | and 2
wherein each said endplate is pivotably nounted about a pivot axis
extending in a span-wise 5 direction of said endplate, said forward
portion of each said end plate being latgrally fixed at said pivot axis.
4. The wing in ground effect vehicle of claim3 further conprising neans
for actively contr olwhenig spidnasei of gachfsaid zidplagnid phtatusilla faind tibeinraaspect i ve
said pivot axe : A | ef f.ect vehi.cl f either of clains |
and 2 wherein §u1b8t§rgg} %Sﬁ%&\}%}%%p@%ﬁ%@%ﬁn%%&%@gﬁo Ridgn late is fixed and
said aft portion of 3each aiwihg ie gobphda¢fieci whiple wbtithet yf stadmint ech akpastina pi vot
axi s extending,j -W_S Liecti {.sai.d endplate.. 6. The wing in
ground effect Sdé:ﬁisgfi:eg%?mﬂst%‘g’?abgf'%%’ﬂnge?nagoué et §’,“S\R£t8‘%té‘lgrf“ SHPYVBPvot axi s
of each sai d edidptiernt o siideldplomt i ffrennpodiondf cadhesalld ol Mgty By Ieere@nfivee Of s
pressure of Sa%t%aiﬁgﬁ'ma%:se at said design cruise speed with said endplate

i mrersed in water 0 Said design imersion depth. 7. The wing in ground
effect vehicle of eidt her Thé wirlgdn goudl effact vBhiclevbRulh fuBRl cboPirivieg maank s Of

each said endp ;S located l.ess t.ha 25 times the chord | ength of
sai d endpl ate go?ft’&'(\)'%ly 5‘5‘?”8@’%@&#‘%"%8%}88“%8%“’%1558}5%#*&‘&%??&%% RYOH#Hr dway
between said 20 endpl at &he ot iagthuhd ¢ffectBrehifla@f withagof dhigs Owich ehdrast
vehicle of eith of clai.ns and . [ el aid forward pojrtion of each
sai d endpl at’e f’agJ ﬁwk%rg PG SQF%&H(&?‘% e\é\%‘fagq 3&’"8% alé‘gﬁat‘f?@iiﬂp&“‘o‘gﬂ{iﬁﬂ“]étsﬁgi s
lateral |y fl exéhipkteangvdtdly moumtdibobta pivoeaxisespeiivpiiy £spamiwtke iRscvad & sp@r ti on.
9. The wing in %E)g%nd effect vehicle of claim8, wherein said aft portion

of 25 each saf dpl ate extends forward of the hydrodynam c centre of
pressure of said edpl atTfee aingdinpausiesticgvelnicltbSathengerin 1 MdSaiverandpl at e

imrersed in water tq said desi.gn nmer sion. depth, 10. The w ng in_ground
effoct veni ol o5 P aihob S Ruf o R ] e Poe By Senc S SEndpl at o
has a chor disl epgtstreof saitenlipas it sd Issighicmiss spebbwithaiddndptngidhenbd maiatr 30

endpl ate’at a §Opsg.|a-dvx,i.se Qs t!é?%?}gm dway between said endplate root and tip.

11. Awing in grolun?fl%lf eet v | e having a fusel age and wi ng structure

Wi th opposing wing Uip pdhe wingdn grddeffsetivehicit oftihardalinsd adg, endgh at es
cach ot om0 UL S T Sl EOPREML R e DB BT 0 O o
t her eover, eackuid aidglaendpbiatai kadngnegige AVENRRDViSHsTon InRvAdydtween 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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| October 2004 34 a proximal root, a distal tip, a forward portion

i ncl udi ng a nose defining a | eadi ng edge and adapted to 1 geweeaida
supercavity between 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 immersed in water to a design i mersion depth, an
aft portion terminating in a trailing edge, and a protrusion on each

opposi ng side of said front portion, at a | ower region thereof and aft of
sai d nose, for engagimgimmt®t, passing outsi de of said supercavity, on the

i 0 upstream si de of asﬂtaqti ndpl ate when said endplate is yawed with respect
to said water passing over said endplate and/or on both sides of said

endpl at e when sai d entprad gottien inchniiey sadsdésfining askbdingdelpt GRd ladaFRA b ON
dept h, each sai 0 i end] i span- w.se direction and having
a face confi gurggncfp#eoé %lkg%caa?gy g@% eﬁ%’i‘c};‘?ast?rﬂgsgﬁﬁﬁ%ﬁte“%ﬁﬁ NG PHGRE €% d wat er
sai d | ower rsegisgd efviplaienn use, bierugtdyaivrcosdition aspdmigincme eickdith Qi @bipthieast
equal to is sq' derg%shil%r{eljtmerisin%mgs [Mg tﬁf said endplate. 12. Awing in
ground effect ve Fer e Ravi ng ERaly ng s ri8ture with opposing wng tip
portions and a pair ankft puperteainatiayin agaibmbdpatigls each ext endi ng downwar dl y

froma respective said w.ng ti ortion to bel ow said fusel age and _w ng
structure for imrerdlonrh i@ eﬁp‘ﬁﬁlﬁf“ﬁ%"‘%ﬁ‘?g‘ﬂ‘i‘* 99%8’?’&%/]8?”?‘" rﬁ%‘lfﬁgeé%ﬁfd
endpl at e havi ngnd 21 ofl sgit ooserfol engagihg waer dissh@buttidof aid apwedvily,per the on

i ncl udi def i ni | eadi d dapt ed. £ at
cuper cavi ty “borgi ok A R safare Wabaafeodiie SORRH ik Rarel Rk ng

over said endphsing oversaidi ssiplaget andlozer botly sities O Beld tadpRtcaihed selé ShdplateCE Ui Se
speed with said endplate, 2s.inmersed i ter to a design.imrersion depth,
and an aft por tT8R ebF’Fﬁ“ﬂ%?c?%eé'g? HAREY a‘{g?tﬁ\%é&gaﬂé’f"?ﬂﬂ% eé‘&ﬂ‘,i‘n%\?é‘rspacnhe

| ower nbst 1200 wisnidiréctismind hadse fagabnfigoes ® dkae anbidivieg agacnt whdltehgapiag gr eat er
than 0.006 tinmes,said chord |ength an . aver age .dept neasured in a
chor dwi se di r ecef (‘)”%t,er’ 5af‘é1ﬁ3'fr r&%‘%gqag‘?g?ﬂégﬂpﬁl. S§§ SP‘%‘F?%'? ‘E’iﬁ&lﬂ’“ﬁb@@t%ﬁ}‘ Age

wi dth. 30 13 Tiiédesigndmmeasigrdepthdf @efdfeaditiatasehi cl e of claim 12 wherein said
nose of éach said dplate.is in th eneral form.of a tri ular prism
extending in a span\(/al\na'se %jiw%néé? pgpnd e%ﬁ. v c%v‘r?é 2 RS ‘@P%@@Fm%ehi cle
of any one of olimy tispdrtion2,and 4 paindf dercaviviting ehdplaai dolf enahiding dp@nikdrdty of each

sai d endpl ate tfr%glez{ ?es;gegtY\vrac‘rsgg w%r?gl ﬁip Boorﬁo% 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

sai d cavitys 3fedd thah0B0MING shild cibrleRich S 6L Glerat€phl Beffre®intaR8rd@Ee CI @i M8
11 and 19 V\,herg_l n., each said protrusion_is fixed.,
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.

AMENDZD SHEEY
IPEAJAU



AMEND ' ED SHEE) 1PEANAU 1 Cctober 2004 36 22. The w ngI %Dn ro ef fect
vehicle of either of clains 11 and 19, wherein each of sa atog? si ons has
a concave front surface facing said | eading 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 | eading edge device of greater s
wi dth than said nose, said |eading edge gevice being extendable al ong and
over said |eading edge. 24. The wing in ground effect vehicle of any one
of clainms 1, 2, 11 &Ad 1Zhe withér gound sfictivehielRdf eierad gleinde v iwiel Sphhegach sai ct
endpl ate has a I al. flat fraont urface lL.ying in a plane

subgt antially %%Egi%@:}%ﬁ%é%%] o} ascg?cavecgﬂ?&s&?f e?ecméis?lék?cﬁ%eg%? said 10

endpl ate. 25. The wi2hg i Thgwoghdgrefkietitc: valledf anyodneanylaims e, Dfi1 elgaipns 1, 2,

11 and 12, wh n. e i d endpl.ate s cury i nwar ds tawards the centre
of said vehicl gﬁeg%lgg%cﬁggd ?%Q%fer{ﬁmgﬂgedt‘?‘g'ﬁﬁeﬁﬁﬁtaggd@gmﬁﬁ e dpvicetgregten. 26,
The wi ng i nsgr widtdthed $2a¢ hosv.edaidcleaingfedgenyevien @eing extbr@lobl® aibng 2nd ddr g 12, 15
wherei n each s%wnee@deol ate is tapered in thickness fromsaid root to said
tip. 27. The w ngq gground effect vehicle of any one of clainms 1, 2, 11

and 12, wherein sald trdhtiving ieglgmd effect debitlesdiagy @odptiane 1) 5 11 apened. 28.

The wing in ground ef.fect. vehicle of  any qne clainms 1, . 1 and 12,
wher ei ngeac hgsgﬁ%eia S %?%‘82 ieggepcle&\?? 8%8“%3?‘?1 eﬁ‘g’iﬁteu{’aéﬁ ?“P&H’F'glaz%éﬁéi@haped
menber s secur egurfa@0lying irga blanesubstagilypeptndioiad adid qherdtvieniithnh epfaid sai d

| over region hgn\éi ng a | ength in said span-wise direction at |east equal to
a design i nmerSi 81 depth of said endplate. 29. The wing in ground effect
vehicl e of any one @$. cl &herwing in gountl bffencehib, of atyhae of claimail B, di sddal2, tip of

IR e 6t A CKRACHTER LR L EINE L
ef fect vehi cl elemﬁn@nypﬁhgadges@hﬁtmdﬂp._ 2, 11 apd 12, wherein each said
cndplate orvard poot o0 e BB SG0 il Red BBt 51 SHBRRL SR BT,y ¢
t he respectisvewhaan eachisatbenapiate Btaparedmaltekilese frodmdi¢roand sdidtigai d endpl at e
puerd gald (1P SLap Tho bt e nafkAURd: SULRCH oYL Bl ) R 8D T
di spl aceabl e wivhdrein exjuentiing edgetohench salepdpidid ivepeed.d W ng towards the
respective sald endphat e o0k, i HBoud Mool oy UBFISHL €, 1Y SR 3] © ©f
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.
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said forward portion of each said endplate is provided with apertures,
forward of said protrusions, extending through the thickReobef 8&%of. AME;
1ED SHEET i PEAIAU 1 Cctober 2004 37 33. 'J,'he wing in ground effect vehicle
of any one of clainms 1, 2, 11 and 12, wherein said |eading edge of each
said endplate is ked gl%t .. 34. The wng in ground effect vehicle of any
one of clainms 1, 2 11 affd”iE " sppEdatrect uhicle ofidin gnedelands Bagh1saido,

endpl at e i swheeitsaiti k@iiﬂ@é&he@feh&?sdi@&‘?d'dﬁge%dﬂgﬁﬁf the respective said
35 I'ngro %ﬂ‘e

w ng at said endp] ate root. 35. The wn ffect vehicle of any
one of clainms 1, 2 11 HidVing in geedeiffeceestiicls af e B80bRISinsS) rzg&mﬁaqaly
mount ed W t\Rhdr&RRALE (eh J i th. rtjon.to thereby enabl’ @ raising of
sai d endplate. 36. Tﬁet_ﬂ\l}\? %H |¥1“g]‘ir%%l§%1§ 65185’18 15 Jea3ted farvemd i yheoleading edgmbfis
1, 3 11 arﬂie!LeEPeCt\hm@ﬂldiWinfgatifai&?aidiuleﬁéldﬂ;lt_a'([je is md)unt e(cji on thhe respective
said wng tip porfd on ast.enin ans designed to detach at a
pr edet er ni ned |oa3§: 37. h‘@“ﬁﬁ%é“?‘-\%‘ig’?%@n@h&hp etanywers of dainfs 9y 1088d 0D

Y ,

claims 1, 2yhetdinaach $a2d enWIBE @I RiBaG i e i.s nmounted on the
respective ,sai d vvlagg tip d|322rti on Hgi%{ﬁggﬁ%g‘%spg(.’tsfgﬁ?“gmgﬂpdﬁmw to

i b
ground ef f SBFERIER ee‘atﬂnga?ffa@r@d@ét%l ainms 1, 2, 11 and 12 wherein a | ower
portion of each sgid engpl 1 5. CORf kqur ed. oﬂgetach from an upper
portion of the respective @ggéﬁ glﬁoglgﬁghg&uvﬁgﬁtkf a&’é’tm’(?fOfé’?admédeﬁefhﬁmibMJ oad
on sai d’| owdiereipgrach graid 8adplateeiswinognted @ e despbdiBet sl etiﬁf 0‘;1?3 %ne of
clainms 1, %ast&ﬁnﬁﬁgaﬂs%je . “@dﬁ?e&n %aitd fusel age and wi ng struct e T or ma
flying wing structure. 46 —THeMAGE ARssieliminedroatet vehicle of any one of
claims 1, 2, 11 &Rd 12Thewhsg &i srosad drfe@QlehRie SBGH Sal late, js | ocated
out board ofwh%pegna%h@c%{% t(&the_ respective seai d ?ﬁ%t"?ﬁgﬁ‘%fgér ’nltAHJn? gap
t her ebet we€n . FurthersithshdRlste Jis smgunted ons thearespeagip daed weieg tmipdrigndpyat e
root and seaxplosivebblt portion towards the upper surface of said wngtip

portion. .
38. The wing in ground effect vehicle of any one of claims 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.





