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'positioned, the discharge therefromw |l tend to "sweep off" eddy currents
and turbulence that tends to form at steps, particularly at slower speeds,
thus inproying the efficiency ofgpfeegirpefddj tionally, the step will tend
to renpve turbulent flow fromthe propellers away from-the aftward planing
surfaces, thus further decreasing friction and turbul ence normal |y
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EP & 28®c)/0 Bl trailing edge and the under surface extending to the
trailing edge with at |east substantially |less convexity and, desirably is
substantially |inear and preferably concave. To m nim ze induced drag the
foils of this invention, are configured with a | ower surface beginning from
a Roi nt between about 25 to 55% of the chord distance fromthe |eading
edg®® which, toward the trailing 5 edge, curves upwardly to a point 85% of
the chord length fromthe | eading edge which is a distance fromthe chord

| ess than 50% of: the di stance between the chord and the | ower surface at
the beginning point. Additionally, the foils may have a relatively narrow
profile desirabl'y with a maxi numthickness to chord length ratio of 0.15
and preferably between 0.03 and 0.09. Advantageously, for very high speed
operation, suchfoils my be further nodified as to the configura- 10 tion
of the upper surface and by the addition of a step or steps on the foi

The nodified upper | eadi ng surface configuration conprises a substantlally
flakd ened or linear surface extending froma fine |eading edge between 30%
and 50% of the chord distance toward the trailing edge. Steps may be
positioned on the foil at a point along either the upper or |ower surface
at or toward the trailing edge preferably at a | ocati on where the surface
in both the leading direction and the trailing direction extends parall el
withksor 15 inwardly towards the chord. The step may extend at a right angle
toward the chord for a distance of 0.1 to 10% or nore of the maxi num

t hi ckness of the foil. The affect of the foil is to provide a non-linear
response. At hi gher speeds flow separation will occur at the step. For a
step on the |ower surface, this results in a decrease in force in the
downward direction and for a step on2the upper surface, an increase in the
force in the downward direction. For application of this these foils in
vessel in accordance with this invention a step on the |lower surface is
partrcularly advantageous |n order to provrde a Iess |ncrease |n the
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‘from | eading edge 43 to the point of maximum distance fromthe chord

| ocated at 49 and curves fromthere 30 to trailing edge 44 gradually up
toward the, chord and becom ng slgghbay/1FpErave. At 85% of the chord

di stance from | eadi ng edge 43, the distance aof the | ower surface 46 to the
chord is approximately 30% of that at the point of maxi mum di stance 49. The
foil chord |l ength g{;#é‘{n s exanple is 49.5 inches (125.7 cm and the

t hi-ckness to Ieng'lr o is 0.046. Thghﬁbﬂiendi cul ar distance in inches of
t hes sur f acedisiimee beoweed Baselide’ at eachis@hcdbawieds Basktinr ough 33 are found

in TABLE |. .The. i ng tati s 1.5 i 5 (38 . 40 45 50
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1.15 18 1165 1.08l. 191 1§ ST - 71.02 1 18 1.15 30
19 1.05 18 1. 1.19 18 17 - 0.88 1.151.19 20
1.05,, . 1.2319 1.0519 1,22 0.8918 0.8622 211,19 1.05
1.24 2@0 1.0682 1.23 1.28922 0.89 1.051.22 .1.24
21 0.76 21 1. 231.24 1. 020 0.8224 1.23 22
0.70 1. 28R4 1.051. 06l.24 1.28 0.76 23 1.24 0. 63
1.24 25 1.48 1.04.191.24 22 0.700.57 1.24 1.23 26
1. 09 g5 1.1724 1.065 1.23 0, 5123 0.6319 271.24 1,10
1.15 285 1.0844 1.18 1 12428 0.57 1 101.23 1. 10
27 0.38 26 .08 401.17 25 99 0.51 11148 1. 04
28 - 0.32 27 11:}18) 301.15 1 g6 0-gf*oo 1.17 29

o 1. 1.10 0.38 1.15
0.25 1. 0431 0. 97 0. 30 0.19
1.10, 571,04 0.32 1.10 -
1. 00 82 0. 271 0.13 0.90 33
. 1.0 1.00 0. 1.04
0.43 0.36 34 o g7 32 0. 083 0.9971 453 00
33 0.00 . 32 & I n 3:1 17 foph 3 i sos: gwn Wi bﬁgbhe
nodi fications despgi bed gbhgye foy. gh spegéd oper gt ggn andoqt7l1ervm' se is
identical to the foil of FIG 1

g 6. Specificghly, tleopeadi ng pgtion 50 of
t he upper surface is :

In FIG. 17 foil 3 is shown with the modifications described above for high speed operation and

otherwise is identical to the foil of FIG. 18. Specifically, the leading portion 50 of the upper surface is

50 substantially linear beginning from leading edge 43 a distance towards trailing edge 44 equal to 45% of the

chord length. The nose at leading edge 43 is considerably finer than for the embodiment of FIG. 16. The

forward portion 51 of the lower surface 46 retains generally the same curvature but toward and up to the

midpoint of the foil is spaced more closely to the chord. A step 52 is located at the midpoint having height

equal to 5% of the maximum thickness of the foil. The distances of the surfaces from the base line at

55 stations 1-33 are found in TABLE !l similarly as for the embodiment of FIG. 16. The thickness to chord
length ratio is 0.045. .

As best seen in FIG. 9, at the bow 28 extending downwardly from a point above the waterline to a

curved and streamlined leading portion of the forefoot 29 foreward of the vertex (leading edgse) 30 of the

13



‘so substantially |inear beginning fromleading edge 43 a distance towards
trailing edge 44 equal to 45% of the chord Il ength. The nose at |eadi ng edge
43 is consjderably finer than gprosdaezemiodi nent of FIG 16. The forward
portion 51 of the |ower surface 46 retains generally the sane curvature but
toward and up to the mdpoint of the foil is spaced nore closely to the
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its spagyi S¢ oA G5 By oheof BYRY 7516 Fa Wiy e W qﬂnra@hrmat.@ d Qeof the
vessdl S%rqﬁ E?)af &%ﬂg qstafJaﬁTﬁgro@ eomaﬁep LA Y Ratbr 1 ; ﬁuuﬁﬁe. 8Sai d
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suffici entanatsala Q&?ﬂd fofo-aHa-aft positidh flssﬁtleagt SighBSherdaht G thelfpdatdsOdtarPbt said hullyarm C
lifting fofag@nrsBe.t he hull, thereby to substantially restrict the rise in

the water of the hull caused by the planing forces. 4. A vessel according
to cl ai AR.2A 0dsséd awdoriingit6 amednd of b IprecaiingloinsCiatioe cotbrising 4 sleg 34patched td eadi Ng
portion t hedeadiig tepticpitycioiwoheard fiem trapialliline ttythé antfahavant extereling faé-andzafif alung dhe
conponent lonyitedirial ¥erticeli comterlineopiana @rdistdncd equilie atllBast five petvanmtat e walading tendth efind,
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said lift direction. 20 5. A vessel according to any one of the preceding
clains wherein said aftward downward f@orce is greater than 1% of the

di spl acenent wei ght of the hull-and said downward forces at the bow are
sufficient to maintain the hull at a trimangle of |Iess than about 2
degrees 6. A vessel accord| ng to ~any one of the preced| ng cI a| s V\,herel n
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 decriease that woul d occur at speed without said downwar

vessel according to any one of the preceding clains V\heru'mﬂﬂﬂum”mmm
surfaces include a planing 30 gpgdebq9spaf generally V-bottdm dontigsrati on
gradual ly ‘flaring outward aftwardly past mdships froma sharp V at the
bow. 8. A vessel according to any one of the preceding clains wherein said
ent r anc ethe xéet rdg15) mothe éritvende @masap distpresa dvar stichforé-g)d-afiflengthiedudhiolat leash 1@ af

af t war d b estrefrierdedft df theeressaldwitabut thekegt and whersin said ghag 15) hytirodyneraigally shaped &
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t hesf cWeApeysploasenrding terclaim A2 galdiwherains gaidk @ oxdonds doynwagy; ftgr"o (el line (f)a,

ei ghty pEpwedigtanse oyesdhegiorandsat lopgth Pt the Fkeg Af @ 'eag 1293% endot™ fhg meap 'Pt 9.
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per cent aoret théh FoE gloater thal' té drafifat sad plareudf thesiftbrsedtiors afi adstightr fne betwedhiOhel 2. A
vessel apeins di gigatedsdraitat midshipoédndttiredraflingeediaelirespeatively. s f urt her conprising a
skeg (34) attached to and extending vertically dowward fromthe keel line
at het7e Atvessalcaecawding texialmth ovg 6 fvberein aaiditraifing e@aeoneﬁytﬂmd verkigsiiy Withinpedistapes ¢ i cal
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one- of t his gremecdisaig présairerseldsey flovy eztornglng dn el tansyeise direstionf pasaliel to the) base

ext endi nglahé of said nfltanc extending tim the, lepoitudinal| dirgetide sybstartialygstieiohirs \vapcave tpisaig of

fl oor fr dmiindeeigbase pl ane of sal d hull, fromthe fore perpend| cul ar (6) to

a {ransverse trailing edge (2 at the stem and an aftward rlse||

f r oM nPH Fhyesse! aqsording %‘Vé’P?t”t‘i'aéWﬁ 15 e'%ts%}'z "8 Fged %g(:ég? 5 ?n?% %s pect
raft

to the bdeee "ar?ésaat h‘@jy‘gbﬁiﬁ?q Veﬂ'ﬁﬂ'éilgm‘f‘ Jeterling 8
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trailing £@6s aﬁé%ﬁ Wr?%'féfrejaﬁ(d aftl directfon U6 H6Vated it O grcb vhen aotingl Brongh e
wherein sghgd trailing edge is positioned vertically within a di stance of

thegyaterline equal to | ess than 25% of the extreme draft of said hull. 18
A vessed Mo dicdfing Qo aliyh Tnhenfn thd abarpardll with ttbbasnplanieret tha diivthepbtended by
subst ant i saldl fyrwialdpiaing saitidce ad inf the cange et @hdh 1) sabeveentiinefars nerecoplivielre ohteng t he
keel | i newadrineilength of safd huthe extrene keel of said hull which 25 truncates
the vertex of said V-bottomfloor aft of said keel line |nt sald centr al
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hul | - and it fevwaidnejening swfacgpfidt H‘ea{ﬁ'@eéf|1nt°t1r?es°é?’?\ﬁ8'i‘tﬂ‘°t?fsr B PR of 2P nat e
at a trant¥esingdengigbsadii-bei ng bilateral Iy positioned about the
| ongi tudi nal vertical centerline plane of said hull. 30 19. A vessel
according to any one of clainms 15 to 18 wherein a transverse step (4) is
provided in said floor, |ongitudinaldy, aft of the fore perpendicul ar of
t he vessel between 75% and 95% of the waterline length of said hull and
vertically, at or above the extrene draft of said hull, and a pressure

: reI ease roor (21) extends aftvvard of sald step to the trailing edge
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beingftransverse to the longitudinal centerline plane, parallel to the
pl ane of said hull and located 36 . vertically fromthe Wm“\“‘“u ﬁl? ﬁ‘l
hull a distance |ess then 25% of gphgzgp(woegp draft of said
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l'ongi t udPha vassel ecording s alnserarf icainsy21s 123iwhérein Gaid Gowerdipleningosugigdecbotnpiises Rng
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squar e c@&htA yessebpecoding i enyt anensf the prskcedinigeciaig wherdimesid i dpadh a defil (SQAifadwdndipflat 20
EP ,0,200 17esiB1poption oizthg bawnspk Ge)dwiodithegvatading aisagirtell gd ropitidnad withiits; teilinggedge
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line gnd exjoRiding 8jnafi ifiAd fRrcb Qrodibl HaH 108 of G MisBlhddmdRt wlgh @ sdlq Hssdiance is in
the range of from5 to 30 percent of the waterline length of said hull. 10

26. A vess el ve3sdl QEddiding th AnyC bridl N A prodedid® clakiRIvheRinStRé WatsiiiPboafadt laiMsidgh &S a
general | y cdebit aquaDibbt grodtetiiad theWwatehin@bgaimad imiighipdlr f ace (37) on the underside
thereof and with.the | eading edges thereof to either side at a horizontal
angl e 38 s31. M\ vdassl panging dd arfyr apenoll thb @retédingedpiraesheramsatt vessd ishrasatagmamk @od ¢854 )
att ached t dwihthereehidt ®indiianip sugrdiainal | y downward fromthe keel line at the
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centerlifé QY"&% acqofeing de 3 onpetf tthecprpgeding Flaigg wherale esgid [sesang; for applyingran; afivarg
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I ﬁ;l V\/é(a.fé?’ i ffr m\'ﬁi o?jp d% Iess cTan é@’; tof %ne etwePn fhfa chg% | Y e ggo?’s a%eeag :
forward of ang i FOnt i ng sal d bovvpeak port | on, said foil being el ongated
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wi dth of trtaréneé leagable toR QehdPdiifg @Ndbddntial yh&ad iRy foRBChnlS i, BbPNEGBARE with T he
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Is a hull as in such claim 32. A vessel according to any one of the
preceding clainms wherein said neans f@t applying an aftward downward force
conprises a foil having canbered surfaces over a | eading portion thereof to
provi de .



40 ° the capability in flowto ~generate a force conponent

direction normal to the chord of the. f0|I and having a Iower“ﬂlﬂ”"ﬂ@,’ﬁﬂm”m
begi nning froma point at 25 tﬁp%%g? Blye chord length fro
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