WATERCRAFT W TH HULL VENTI LATI ON CROSS REFERENCE TO
RELATED APPLI CATI ON [ 00011 This application clains
priority to 35 U.S.C. 119(e) from co-pending and
conmonl y-assi gned U.S. Provisional Application No.

61/ 241,390, filed on Septenber 10, 2009 by Steven
C.H Loui, et al., entitled "Watercraft with Hul
Ventilation," the subject matter of which is fully

i ncor por at ey RYERERAFIMATREHOLIL VBAGKCREIND OF THE
INVENTION 1. Field of the Invention [0002] The

pr esent |nvent|on relates generally to the field of
wat ercraft KRR = E EG 2 aTfRN ticul arly
to an englne pomered matercraft haV|ng three parallel
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Description of the Background Art [0003] Entrapmnent
Ventraiglns" the sulhjectpnatter ofwhichyphidblihgorpomatedrbykrefepench berein.
entire tunnel conpletely wet or conpletely dry. There
are drawbacks to both nethods. For exanple,
conpl etely wet t BhduGwel e Ok pAEIRVEETIORCT eased dr ag.
On the other hand, conpletely dry tunnels cause
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cont enporaneously inprove the stability using a 1
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configuration, and more particularly to an engine-powered watercraft having three

parallel hulls, with the center of the three hulls being of a v-form having varying
deadrise depending on the purpose of the craft and two or more transverse steps, and
two outer hulls, i.e., amas, having considerably greater reverse deadrise facing the

deadrise of the center hull and vertical outboard surfaces.

2. Description of the Background Art

[0003] Entrapment tunnels of the prior art typically either keep the entire tunnel
completely wet or completely dry. There are drawbacks to both methods. For
example, completely wetted tunnels experience increased drag. On the other hand,
completely dry tunnels cause watercraft instability. It would be desirable to reduce

viscous drag of a watercraft and contemporaneously improve the stability using a



[0004] In watercrafts wth conventional stepped hulls,
the steps can be ventilated using step cut-outs. The
suction created by water separating and reattaching on
the hull imrediately aft of the step in the step
cavity draws air in fromthe anbient surroundings via
the step cut-outs. For this reason, it is normally

desi r.abl o |l eave. t ut bgard openi ngs. .of the ste
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anmpient air is always free to flowinto the step

drawbacks. Also for this reason, stepped hulls are not
typically used in conbination with tunnels, channels,
etc., since it is thought that these structures would
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improve static and dynamic stability, add planing lift, improve directionality, and

provide a structural stand-off from the main hull, fendering the main hull from

impacts at the waterline.

[0005] In prior art, if stepped hulls are used with amas, they are made in
conjunction with adequately large air entrapment tunnels so that the flow of
atmospheric air is not constricted from entering the step cavities. It would be
desirable to remove the necessity of having large air entrapment tunnels when amas
are used with stepped hulls, both to meet size constraints, as well as to reduce the

drag and weight of a larger structure.



[0007] The present invention overcones the
deficiencies and limtations of the prior art by
provi di ng systens, apparatus, methods, and ot her
enbodi nents to ventilate and to wet the vent ducts of
a watercraft having a center hull flanked by a pair
of amas di sposed on either side of the center hul

amgs confiqured with th nter orm
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transverse steps extend fromthe center hull, across
watesrafent duct, to end at the inboard face of the

amas. [0008] The amms, steps and vent ducts are

configured for design length and speed to cause a

pressurized vent sumMaRyaiF 1EXINVERERONVENt i | ation of

t he running bottom Some enbodi nments utilize a water
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toigad asthefinkoaed fareakthe gmand conbi nations particularly

[0008] The amas, steps and vent ducts are configured for design length and
speed to cause a pressurized vent duct that maximizes ventilation of the running
bottom. Some embodiments utilize a water plug to achieve improved efficiency of
the watercraft and reduction in viscous drag. A water plug, as used in this
document, refers to a blockage formed between the hull surfaces and the free surface
of the water. Although it is called a water plug, the plug may also include entrained
air. The pressurized vent duct facilitates an area of lift at the widest, aft-most points
of the running bottom. As a result, transverse and longitudinal stability of the
watercraft is improved, and the trim is reduced for improved sea-keeping

characteristics.



poi nted out in the appended cl ai ns and equi val ents.
BRI EF DESCRI PTI ON OF THE DRAW NGS [00010] FIG 1 is a
diagramillustrating an exenplary systemto construct
and operate a watercraft, according to at |east sone
enbodi nents of the invention. [00011] FIG 2A
illustrates a fl ow di agram of an exenplary nmet hod to

truct a wat craft rd o _at l.egst. sone
B0 or didreBoat A TRber SRS EbBrbin fhesie % deg‘crlp fon
illustrates a flow di agram of an exenpl ary
whisa fallewvsand i patt 4yl e appre e &1%498%%0@&@, iy Jlearted by
enbodi ments of the invention. [00013% FIG 3
priattiagsifitizt imsergionl dive dbpegtsamd aflvantageh ef thepntention will be
construct a watercraft, according to at |east sone
reglitRddint@nhisedby hieend oftBaticmRnts [a00Q3#hbinktiéhs phrticularly
illustrates a schematic diagramof a systemfor the
pdihQWofi 1%Qﬁ@£ﬂpeﬁ&ecf: d18ms3nd@GEERHRY to at |east sone
enbodi nents of the invention. [00015] FIG 5 is a
bottom plan view of a watercraft, according to at
| east sone  erhgll pRAERPon BFTHEYﬁ{AWIQES 4 [00016]
FIG 6 is a schrenmatrc cross-sectromr ol a watercraft
taken through the hull at section cut A-A of FIG 5,
[086tWr diFlG. t B aatiagremstlugmitieg enieveinplent ysism torpenstruct and
i nvention. [00017] FIG 7 depicts an isonetric bottom
ofiekaad a Watsheraft, accomligy toradldast sdae@nthadgmertoofthe ilwasatiosonme
enbodi nents of the invention. [00018] FIGS. 8A shows a
side elevation of a watercraft hull of FIG 7,

[086rQ" diFN@. 24 Aldtrates Q%Mﬂgaﬁmldﬁ&ﬁﬁﬁrﬁﬁleﬂﬁﬂ to construct a
invention. [00019] FIG 8B shows another side
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[00012] FIG. 2B illustrates a flow diagram of an exemplary method to operate a

watercraft, according to at least some embodiments of the invention.

[00013] FIG. 3 illustrates a flow diagram of another method to construct a

watercraft, according to at least some embodiments of the invention.

[00014] FIG. 4 illustrates a schematic diagram of a system for the flow diagram

of FIG. 3, according to at least some embodiments of the invention.

[00015] FIG. 5 is a bottom plan view of a watercraft, according to at least some

embodiments of the invention.



to at | east sone alternate enbodi nents of the
invention. [00020] FIG 9 depicts a bottom plan view
of a hull, according to at |east sonme enbodi nents of
the invention. [00021] FIGS. 1 CA-D are exenplary
nodel s showi ng Water Vol une Fraction and Pressure,
according to at | east sone enbodi nents of the

' ntion. [00022] FIGS, 1l A-D are exe r I
OB e i B GaE Gy SelhteE SefiTR RS P
Pressure over | ongitudihal cuts of the craft
at geonciuh§-4 9T BIC- - eaeardiag e 2w ape Abodimensof the
i nvention. [00023] The figures depict the described
ineeritodi nents of the present invention for purposes of
illustration only. One skilled in the art will readily
recogni ze from the follow ng di scussion that
[0a0i]t | ®b@l 7 eedictsl nirisotretraf bdttoen pan widvuo s watertrals tabomiding
illustrated herein may be enpl oyed w t hout departing

tofaf RAMBMeREIYi RS ofthe tfi@ntidMivent i on descri bed
herein. 5 DETAI LED DESCRI PTI ON OF THE DESCRI BED

EMBCDI MENTS [ 00024] Referring now to the draw ngs in
[oggfssgl | FIGS BA dhdws £sil A9UADN rlaUsdiERtdNh FFI6XE IR Adike

emto construct and operate a watercraft,

accordi ng t t |eas sone,.enbodi nents of the
toja %@ﬁﬁpgﬁFn%ﬁgnmgﬁ%?%P%PF@W§n%onfigured to operate to
both ventilate and wet a pair of vent ducts so as to

i, m ventilation on the cente hul | . syst en
0BG B Shaaothet Hos vt S bt G 7ofocagtne
pressurizer 40, and ventil ation maxi m zer 50, which
to at lsagisamegliematetemnbodiments pethpdiventipn.vent  duct s
(illustrated below) to be variably pressurized as the
wat ercraft 60 travels at | ow speeds, to when
[008203r c FEF19 &Didtne betisre planstiowiof ¢ hull pacsprslingiatag legstasbme
64 reaches
embodiments of the invention.

[00021] FIGS. 10A-D are exemplary models showing Water Volume Fraction
and Pressure, according to at least some embodiments of the invention.

[00022] FIGS. 11A-D are exemplary models with CFD (defined below) outputs
showing Longitudinal Pressure over longitudinal cuts of the craft, according to at

least some embodiments of the invention.

[00023] The figures depict the described embodiments of the present invention
for purposes of illustration only. One skilled in the art will readily recognize from
the following discussion that additional embodiments of the structures and methods
illustrated herein may be employed without departing from the principles of the

invention described herein.



desi gn speeds. Watercrafts 60, 62, and 64 are bottom
pl an views. [00025] The wetted areas of the pl aning
hull can be seen to form a wedge-shaped

configuration, that is, one having an apex at the
stagnation point where water first nmakes contact with

the hull, and base points forned by the two water
pl ugs. Exve'c?f flow hit the inboard surfaces of
t he anestrAHLE ES‘%&‘WOWFIH Desgfmnd KMbQpRiENTS S

creating regions of peak pressure in the area of the
[00824] [Rdfgrinfinowl t0Wey drapeedsn dap@)FIT0 1 analdiagiaer ilaBiehting
wat er plugs 71, 72 formwedge 80 on the watercraft
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orn1medge 82 on watercraft 62. At optinmal speeds,
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IB@% | ess dynamic lift is created and .the q%ll i S
vaIifle andhWetPaheleyent ltte o 4t gaaxpize ysniilation pn, thecenter
vent duct forward of one or nore of the step .
hdlyt Herigt systemh 806G inrludpeingti daga b, vehied witgesonspry 34y prepayizer
seen in 6 these cases. However, the vent duct
40,mpd owedatiorf maandzadﬁewmchta'rmnifugua:dstb nausalthe prameoferent o
the water entrapnment tunnels of prior art. The vent

debec il eeaddi R Wb bl QBriatly prissiezeadsiteivanéatrapl Gk gls at low
area, trapping | ow speed planing pressures to inprove
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t eps T orwar benefit from

stgrrae. kbl ner Bt bR R

pl ug, as wel | as the vent duct itself, are wunwet in

he_us manner of _ste huy] I s due to the
(ODPESHey dis aed Bicasof B dTaRg e Rl hﬁée%mf[@m Auyqdge-shaped
across the vent duct, to the inboard faces of the
configyratipngbatiy, one hawagwaepexaidhe stagnating pews sderpuer g
nore dynamc lift is created,
makes contact with the hull, and base points formed by the two water plugs.

Divergent flow hitting the inboard surfaces of the amas forms a water plug in the
vent duct, also creating regions of peak pressure in the area of the water plug. At
lower speeds, apex 70 and water and water plugs 71, 72 form wedge 80 on the
watercraft 60. At medium speeds, apex 73 and water plugs 74, 75 form wedge 82 on
watercraft 62. At optimal speeds, apex 76 and water plugs 77, 78 form wedge 84 on

watercraft 64.

[00026] When watercraft 60 is at lower speeds, less dynamic lift is created and
the hull is lower in the water. Water plugs 71, 72 form in the vent duct forward of

one or more of the step cut-outs. The full benefits of the water plug are not seen in



allowing the hull to rise further out of the water,
the vent duct progressively ventilates as the apex 73
of the wedge-shaped wetting pattern narrows, and its
base of water plugs 74, 75 nove further aft on the
hul I . [00028] As watercraft 64 further accel erates and
reaches optinal speeds apex 76 narrows further and
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transon1 The full benefits of the re seen
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stability to the watercraft hull. Water plugs 77, 78
pogides additiprad pningairea, trappmg llcowsmd olaningf presserasdaimprove
duct, thus forcing air to travel inboard and
lift aad hesélc@itionao athievdatitical plaxingisgéedg Stepsforiviaad bbihe ofater
the running bottom as showin FIG 9. Water plugs 77,
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e plug, thus faC|I|tat|ng fromthe vent duct
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B o B SRR 51 b

water plug is forned, there is also an area of peak
fromabe cander(hal, airessibe kent diethtorthginboardAagss of ghemas ng
lift at the aft nost, widest points on the hull, thus
I mproving | ateral and | ongi tudi nal stability and
[0002HEr | Ay thbwatereraftn6? ancreaseespted pndinore duankebfiingeated,
characteristics. [00029] Above the optimal speeds, the

alwedgae tiehaped risafirtien of of W tveldr, aieasit doarprawsssivelyt her ,
and the divergent flow does not intersect wth the

vealiBRes BYkdlageRaB of i WBdRLshRh&DReRhE Pﬁt@érﬁ?lgrrow G@H its base

these condi'tions, the vent duct is fully venti | at ed,

4 o@éaterrél%sa’u 75?@r }Qér Aty gla %Bﬁ prior art. [00030]

Legen indicates the solid
line font of medge

[00028] As watercraft 64 further accelerates and reaches optimal speeds, apex 76
narrows further and water plugs 77, 78 are formed in the region aft of the leading
edge of the aft-most step, but forward of the transom. The full benefits of the water
plug are seen here, bringing improved efficiency and increased stability to the
watercraft hull. Water plugs 77, 78 serve to prevent air from flowing out of the vent
duct, thus forcing'air to travel inboard and recirculate on the hull, maximizing
ventilation of the running bottom, as show in FIG. 9. Water plugs 77, 78 also
pressurize air in the vent duct forward of the plug, thus facilitating flow from the
vent duct inboard into the areas of lower pressure immediately aft of the steps in the

step cavity, while also inhibiting air from moving beneath the center hull outboard to



80 to represent | ow speed operational characteristics
of the watercraft, a large dashed |ine font of wedge
82 to represent nedi um speed operationa

characteristics of the watercraft, and a dotted |line
font of wedge 84 to represent the optimal operationa
characteristics of the watercraft. [00031] | nput data

in ut .paraneters
g gpConit o fen St il R ¥ el ke e
mnimze the dr t he wat ercraft exper.iences whe
DaR PRI GET SIoFHST I BLCoe di (o BEP R InG i pegisyidest
Some inputs include perfornmance input data 14,
paiats endheahull, shusempnging deeral and lengituduial stabzbmang\dowcmmgwthe
i nput data 18, coupled respectively to variable

trise frahiare sledfhbleX2a-kadpind oharhdtibrisics.at e t he function of
vari abl e sel ectors 20-24, exanples will be expl ai ned,
wherein it wll be appreciated that such input data 12

[00BY9]be sagdive tceshtinfad Bhdeal, | tBE wedk-iRpEPpiticBtibBRettdd areas
recei ve input data 12, whi ch may i nclude, but is not

na{rxloq\} fﬁﬂh§r and, {2 hﬂ%g%e%h% qo'eglhgtg?ﬁ?sje& @ﬁgg}é gsgg, &t e
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hul I,  as well as paraneters associated with transverse
a%ﬂﬂﬂp@rémﬂanm@nhUWPeSeﬁaﬁﬁq%§ of such paranmeters include
the quantity, length, beam depth, deadrise and angle
of attack associated with the transverse steps. In
[08838] e&wahpivedn Fithd , aflegene Ml indivates ithepioliddiae Jot 21 ey ge
include informati on associated with the |ongitudina
8Ostoapsresent fownspend opératdes chdractedistick pf giotatasrafthe large dashed
guantity, wdth, depth and deadrise. As will be
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include information regarding the ama, in sone
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[00031] Input data 12 is shown to include a variety of input parameters that
improve the stability of the watercraft and minimize the drag the watercraft
experiences when operating from low, to medium and to optimal speeds. Some
inputs include performance input data 14, watercraft size input data 16 and hull
configuration input data 18, coupled respectively to variable selectors 20, 22, 24. To
illustrate the function of variable selectors 20-24, examples will be explained,
wherein it will be appreciated that such input data 12 may be adjusted. Controller
30 is configured to receive input data 12, which may include, but is not limited to,
intake water, intake air and speed of the watercraft by way of examples. Other types

8



shape, angle of attack and height of ceiling above the
water |line. [000321 Referring to FIGs. 1 and 5, wetted
plug controller 30 enables vent ducts to be
constructed and configured to continually feed air
into the duct at the leading edge, that is, at the
entry of the vent duct. In FIG 5, a bottom plan view

f wat.er.cr a L.ct accor di to_at, .l eas
o inis s oBf RS s oy ERR L Efe SR e Vel peffidesien
500 i ncludes, a bow 503, in hull 504 (referred to
sReRt.VERER geadsisy of thedwhy %%W%ﬁ Ay pas@m?tersaa%é%ﬁt%dr WHB apsverse
505. Center hull 504 is disposed between two anas
st¢ps. of .the ot eExamples efsubly pargineBoBinchds theTwangionteagthhbgam,
504 and ama 506 are configured to define a vent duct
déplif) dewdtiseend angle of httddk aS&btiasntiwaithethsadree stemnTh gomed
to define vent duct 512. Vent ducts 510, 512 each run

efaﬁrgﬂ%safﬂe PErefefioned Y, Aﬂdt d8® 192Ray fne1udk SFosAMIchi a8 chredl with

fep cavities 524 towards the stem 528 and

the 1SS ngﬂﬁ sﬁﬁ? &S %§892h3§%u1?§%héﬂga ﬁ A th
Yo Seps & FTRE S5k iz

across t

SRS R R A ;@zg?ﬁeu%ﬁ%ﬂzﬁﬁ%%awe

506, 508. In sone exanples, step cavities 520, 522,
infpmafigy ragarding, bielagwie th R ambaiments. Gramples ﬁgthépmclude the
Al t hough three step cavities and three transverse
arsd kg depth reletivectoable ivatedinpranfiehe exhtehinddbamen tdeadriseswidth,
skilled in the art will appreciate that the nunber of

shap@nayRoTattsdkems Right 6f efliseaidve €5e Walr Mad.y. | n sone
enbodi nents, the watercraft may include |ongitudina

st eps, strakes and risers, and it wll be appreciated

[Obﬁ‘ﬁ Y %@é}ﬁhg [SFICRPT 885! \kf@tgedt ﬂ]ﬁ% BordtRAleHEE énéMés veR€ducts
conS|dered iR the constructio the watercraft

to%) thch?e% atng\ cg?ﬁ%ﬂrg&'?o é’&ttlgﬁalgjr 9% alr% Gl cﬂﬁ? t{}ﬁ aarng

I'on cut ents a 0SS- SEC Ion O

N s bt e R

watercraft, is depicted according to at least some embodiments of the invention.
Here, watercraft 500 includes a bow 503, a main hull 504 (referred to
interchangeably as center hull 504), and a transom 505. Center hull 504 is disposed
between two amas (i.e., outer or side hulls) 506, 508. The center hull 504 and ama
506 are configured to define a vent duct 510, while center hull 504 and ama 508 are
configured to define vent duct 512. Vent ducts 510, 512 each run from aft of step
cavities 520, to step cavities 522 and step cavities 524 towards the stern 528 and
transom 505. Transverse steps 530, 532 and 534 extend from the center hull 504
across the vent duct deadrise surface portions on either side of the center hull 504 to

end at the inner surfaces of the amas 506, 508. In some examples, step cavities 520,

9



Symmetry Axis Ofset. [00033] Still referring to FlIGs.
| and 5, wetted plug controller 30 controls the
formati on and position of the wetted plug. Controller
30 enabl es the vent ducts to be constructed and
configured to continually feed air into the vent duct
at a |leading edge 540, 542 of the amas 506, 508 t hat

[ -S.~at the f he vent d cts 5
5#2; éag aay\pglaﬁioﬁleﬁlgg Bgtsarrees Oaﬁt cgfea{; %tee\le%\?ﬂéau% three stetphcavmes
the vent duct determnes  its ctlv ness. For
BRI LS VTSRt aps arplapictechiaa H’rgfe pdimgnfithese kit i
the vent duct or that msses the huII al toget her will
thaett il agpseiatgpthatthe npmbéroreanexerse stepdiand stgnichyities hay vary.
position of the wetted plug wthin the vent duct also
Indehrrembodinéig thd waidrafoimal imdade 1prgiariinad stapd, clrakes and
useful in providing stability to the hull. 1000341

riderE %ﬁ&' ft 'v?lﬁ rbe‘l\Bpﬂe&afé‘él"iﬁét%fa%@tér@ r&;@@@hﬁ‘n ‘@Pl@sevﬁﬁﬁlre@ %Il $e

510, become partially filled wih air,
co(r}ng‘%l{grleﬁ dﬁ) {he}/}%)l ?tﬂlc‘ﬁ%}’f ?f ﬁleh)?aci&cﬁ'i‘tlee%%ﬁgﬁree\ﬁﬁéé E‘Urﬂﬁ ‘&1@ %va%’eﬁ ‘iﬁugs

uct.s R10, 512 are capapl e of beco .
esied TR Serion SUEAT EerTERRRR A - PRI 90 feftion cut
aft end of the vent 10 ducts and prevents air from
BB waresents atudl Snpaety AxisnandectiorcwtdnC rgpresentsHell wat er
pl ug thus causes back pressure of air within the vent
Sydwottry axwa@ffseof t he water plug, creating a higher
pressure than other transverse portions of the bottom
of center hull 504, including the step cavities 520,

[006@33] angtifi 24ferridp t6 FIGK.tIh&1d 3, Ratiedpry doheollg@r3@ssutiels the
differential between the air in the vent ducts and the

foﬁhﬁudnnanﬁrb%s%'bﬁ Rf BRUMdtie@Dlug. (EGTRIMEr BMERHBIRTNERER dBEL to be
l'ow i'nto the step cavities and planing surface

t?%%ed anIlZ‘.l I?)nﬁgurgg 9(# S%rﬁ%u%ﬂﬂ F %&H‘ ?rgw%ecben't ldh E?etaaﬁlg

an v accor

edgg gg%n{? |‘Og :Slirtcg%rtlzts f6, %(5]86 tlllart] Yse gtt tlhe entry of Ele vent ducpsug 10 ango

512, respectively. The position of the wetted plug within the vent duct determines
its effectiveness. For example, a wetted plug that is too far forward within the vent
duct or that misses the hull altogether will not produce optimal performance.
Additionally, the position of the wetted plug within the vent duct also determines the

location of peak pressure which is useful in providing stability to the hull.

[00034]  Pressurizer 40 is configured to enable the vent ducts 510, 512 to become
partially filled with air, the result of which causes back pressure within the vent duct
due to the water plugs. In some examples, the vent ducts 510, 512 are capable of

becoming pressurized because the water plug is formed at the aft end of the vent
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achi eve water plugs 977, 978 which formthe base 952
of wedge 950 havi ng apex 976 at the stagnation point.
Arrow flows 910 represent air being induced towards
areas 920 facilitated by step cavities 914, 916, 918,
whi ch have | ower pressure, and in the direction
towards the transon1and engi ne 980. Ventilation of the

dlg:f[f C%d%%g\lletp s | S %{g%&%g%ﬁ #t o 5&35 Vénq d%(L.tlf rﬁ*h%%%a%er

essu erw se exi

each step, . and mhlch woul contrlb te to d n
PlHg Fus cmaé%qk ESHHTA A HOH A K PEAUS FOTiare Bhbe Sﬁfeé@?u&
to block air fromflow ng out of the vent duct. The
creatingj achiglren prefsewre dleant aher drans veuseaoations of e bitom e aeniengull
surfaces, which action enables maxi nrum ventil ati on of
5a4h ﬁmctudliﬂg thel step egvitied $20062¥emd $24at Thanfurther inkseabasithe
runni ng surfaces, which is in addition to ventilation

prEé%uié"tﬁff‘ékﬁﬂal%Mbée‘nQﬁe air iSth8 ¥R HuRE Y ShDAERUBE step cavities,
m ni m zes, viscous drag on the hull. Wile the smaller

o AR 0375 RSB RO
T T I R e

concentrated high areas of pressure. 11 [00036] FIG
to aplepst|some embedingenty fiihelinygnizan. JodlGs 9. dnll08np pepsiructed to
method to construct a watercraft, according to at
achiess wateo phige B0, 7Bevitish ffrmtthe base\PORAL ovedgA850 kdvamgapex
i nput paraneters 212 are received (e.g., by wetted

976l atd eheGRaphadd SIinB Prrék 336,910 wheeRhnait beinpiridates @frtardss
configured so that a water plug is enabled to be

aré RIB Falitateli G S?Jp cabiRel 994‘ Ak, A SVWMchddé% loJé}%ressure and

wat ercraft is conf |gure so that the water plug

1n?}§ e(?&e%fml? ﬂ) c?s?thgftra{f %rpcf &%?ﬁé@soz% 1Mt] oﬁl?) ﬁ{ s?fl fa%mes

boi LS on
mensur at e e 84. The watercr . .
is SR pBpEERSaS ordeh Q%@aie ARl PTG Diigh eularepgrvise exis af

stability 260, along with the lowering of the trim
of each step, and which would contribute to drag upon the hull.

[00035] Ventilation maximizer 50 is configured to block air from flowing out of
the vent duct. The air is thus forced to recirculate on the hull running surfaces,
which action enables maximum ventilation of the hull running bottom. Ventilation
of the hull running surfaces, which is in addition to ventilation to the step cavities,
is advantageous because it minimizes, viscous drag on the hull. While the smaller
the wetted area, the less drag is experienced, it should be appreciated that
embodiments avoid the situations of an extremely ventilated hull, which can become

unstable due to very small wetted areas with concentrated high areas of pressure.
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for nore desirable sea-keeping characteristics. At
240, the watercraft is constructed so that back
pressurization of air within the vent duct is caused
due to the water plug prohibiting air from escaping
the vent duct near the transomof the watercraft. At
250, the watercraft is constructed to enabl e back

Surd j 0, cause ventilat] [ i [l n
BRI GGt b ARG (BRI s iP5 et
re-circulate on the hull, thereb Xim zing. .
ccvlémnaaﬁt%rﬁr%gmfc(ﬁ%q Hdeaghtome iaﬂyl mAES b Renine As
running bottomof the center hull. This results in
shows hputipastmeteiseXl@yararedeived ée.g-cbuweiteshplog contrallend@) at 230,
drag on the center hull 270. [00037] FIG 2B

whérkinghe¢ atescraft id @nfidiu@d sanha? @ 2vandr phup B8 xaaieditojbenfethedat
to operate a watercraft, according to at |east sone

the BRRHIBANYIS: wht A8 TRY fAlk@Rf iFSonfigheWlo thad Béwater plug
paranmeters 213 may include air and water intake into

“%f%t fﬁﬂ 5%?@‘?63% Pﬁegsg—l:!f}g 23?%@%%% I@%’tvé: 3 &?“Oat: i %f@ib%’?ﬁ”%‘%%
peits O R et ol und M EpeBh LT SREER einstionses,

_plug creates_an area of peak pressure 233, which i

imprexeddetsral prd longitudipg sabthtnaéga aeng Withdstlopering of the trim
the hull commensurate to the wedge 84. The 12

fomenoer dasarhble exgleedperpodhsractepisoese dAtl 240ethalwaterdraft is constructed
| ongi tudinal stability 262, along with the | owering

soQhattaek peksrizatiodN £r WRBINAOV 1t daa-ikefReddue to the water plug
characteristics. Wien the watercraft is operated at

priglgigiting%ﬁkfrcﬂﬁ eSS PinoZRE {/8{3 dﬁgt rRbf theitdaRidn b @e (RRdrcAUC tAL

caused, as previously described. At 252, the back

258" ﬁl%?)\%lrt%ré%%tl ig g?ncsgﬁgtgé Itcy &be[el b%\tgk ?)ges§&r%a8§19 gﬁr Caug\é']\%ngiié%iﬁg,

air \% s torce rave ong In

sur.faces and o re-circulate.on the hull, .thereby
WhEESHP T2 Y \rohgfit it RBdp kg lPli’ﬂ‘?ﬁ‘ri’f&P BeerHAgE onthehull

center hull. The pressurized air within the vent duct
therebyvaneyingzing tyentjletiereaivay figm the water plug and towards the running

bottom of the center hull. This results in improved efficiency and in a reduction of

viscous drag on the center hull 270.

[00037] FIG. 2B illustrates a flow diagram 202 of an exemplary method to
operate a watercraft, according to at least some embodiments of the invention. As
shown, input parameters 213 may include air and water intake into the vent ducts.
The watercraft is operated at 232 so that a water plug is generated about the aft
portions of the vent duct aft of the leading edge of the aft-most step and forward of
the transom. The water plug creates an area of peak pressure 233, which provides lift

at the aft-most and widest points on the hull commensurate to the wedge 84. The
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may facilitate flow of air fromthe vent ducts towards
areas of | ower pressure beneath the center hull. The
results are simlar to that of FIG 2A, wherein the
wat ercraft experiences a reduction in drag at 272.
1000381 FIG 3 illustrates a flow diagram 300 of
another nethod to construct a matercraft accordi ng

SR iPREod el e R F%ﬁﬁ%?@@ﬂg T

watercraft size paranmeters 316 and hul I confi guration
thedpwermngeishgrgn éwpvr@dietléabt%ﬁaal@%ms shaastgrsiicy YWhegshe
325, which enable adjustability of these paraneters.
ngermfy isofpestethgs| 242, back grespaifatiomahaie wthimatire tvemtsiugtlig
recei ve a speed paraneter 302 and a payl oad paraneter
cadddd, ab bevivakBrdes@iteds iAz @ 5pahe bBdkepressadifatioR@Ridés vantilation
wat ercraft power paraneter 304, a watercraft |ength

toRRLATRIE PP in B YeM@RE ITaickd WRirdl alBAg AFRLEd suites and

and, ‘the hull configuration paranmeters 318 recelve
oS BBt o TR R0 0 RS AT Re TRl BRRor

nmbodi t e? ﬁa’lvl fi t 318, th
enbo |§§£ of hu con i on tercr

l
the GRRIFS Thegaptsurized Al W&&’él‘ e st Tgrvaar o W%Fegé’ ug
of the center hull, wth two vent ducts being forned
map fasilitateflosy eftainfromibe vaiduets towars arqas ¢fdowprpressure
bet ween the center hull and the amas. Wth transverse
besieath tiScathitardinHi dhe r&0Bs amcooilal toghdt of BH& 2eyivdatiaie rte,
the center hull includes at |least two transverse

wittRPS eWfetiBndcl @ rédiRESn exdepdt pw.from the center hul |,
across the vent ducts and to the inboard face of the

auras. The amas, transverse steps and vent ducts can
[00639°NTFI@Us ﬁng{erES ] h@w&ﬁéérb&tﬁoéfof\éﬁ&tﬁéﬁhé‘t%d t@&ﬁlﬂs@u& Rd

opti'm zed speed, using paranmeters 314

wgtex%?th a@c&dﬁ?%’ thete gmg§d1 }negtlé %ﬁ' theegvgﬁnl.% € EA% &ﬁ%\%n,tlﬂ]%ut

I NVO and ai consi der e

constr I e V\ﬁt ercraft
parameters%ﬁ& 1ncquc?e pertormance parameters 314, watercraft size parameters 316

and hull configuration parameters 318 coupled to variable selectors 321, 323, 325,
which enable adjustability of these parameters. By way of examples, the
performance parameters 314 receive a speed parameter 302 and a payload parameter
303; the watercraft size parameters 316 receive a watercraft power parameter 304, a
watercraft length parameter 305, and watercraft weight parameter 306; and, the hull
configuration parameters 318 receive vent duct dimensions 307, transverse step
dimensions 308, and step cavities dimensions 309. In one embodiment of hull
configuration 318, the watercraft comprises a center hull and two amas on either
side of the center hull, with two vent ducts being formed on either side of the center

hull in the space between the center hull and the amas. With transverse step
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configured to forma pressurized vent duct that

enabl es the divergent flow comng off of the center
hull to intersect with the amas in a manner that plugs
the vent duct wth water 330, and in sone cases, wth
air entrained in the water. This will focus air
ventilation towards the hull centerline. The

wat er ¢ ured, sp that th

RS RL A atstiPE o BB FRp b e B pAEMCLS: Hesstip
of the aft-nost step, butg/\glsposedf rd of the
transypise Aepsyathsthe plepoextening wemdhe sz} leaores the Yft dicts
to cause the creation of the water plugs at various
arsjledbisinbpard daced thophas Bedngseteahsvee siepsand vent ducts can
ventilation is maximzed, 350, that is, to be away

bd ¢afigutddeforii @artiehlag “attdcrhﬁ léripeh sﬁdecpptimyéd $pesd,anihgon
the hull running bottom the watercraft experiences a

pa[r%é’l%l;é AR, 316,81 8% cr3d@a p\f@ﬁﬁhﬁd%np&ﬁs PLRNRGE 90 are

formed beneath the hull’, 340, the watercraft
i e Bt ol

tercraft which is_ con o ena t he
ot G DR HEIZRY Pt dP‘étrtLr%t e e Y%ﬁﬂg BRY Pruve
com ng off of the center hull which intersects wth
off pethgregnter hulbtocintessegiayith theragnasdp a maanetipahugsthe yepy duct
forward of the transom but aft of the | eading edge of
withevagdr 330 ramgtin s¢rep cases,opth o gechisgicdedise whter. Wik wald focus
understood that the paraneters shown in 14 FIG 3 are

ail VérddtionttbWends aichilhahtedlingd MRt watéreradt i ebnarel®y @ststhe
may be considered, such as |length, beam speed,

| FGERS
9% Fﬂst rat eg} a scrlilgdengh ?%ﬁg% B tﬁe 1ea 810 394 ‘ﬁtﬁ;@ aft. mOSt

I agram of a syst emfor th

d
Stee"ng’%? ﬁ%"?ﬁ@ %”%05& e O?ng ﬁﬂ{e@gg%&othg A tg‘ﬁ?"[&‘ss?i,"e
400 cl ud f h
CO.n E}t@ ﬁﬁf@&'@@iﬁ y e%ggfréheo\?@gm? éﬁgf %r‘fasamgﬁ%e%rss %otat Qafé%d

payl oad 403. Watercraft size paraneters are
optiaprekmeeédWhen the ventilation is maximized, 350, that is, to be away from

the water plug and in the step cavities and on the hull running bottom, the watercraft
experiences a reduction in drag, 370. When high pressure regions are formed
beneath the hull, 340, the watercraft experiences increased stability, 360. It will be
recognized that other embodiments exist to construct the watercraft which is
configured to enable the wetted area on the hull, formed by the divergent flow
coming off of the center hull which intersects with the amas in such a way as to
create the water plug forward of the transom, but aft of the leading edge of the aft-

most step at optimized speeds. It will be understood that the parameters shown in
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by variable resistors for power 404, watercraft |ength
405 and wei ght 406. Hull ~configuration paraneters are
represented by variable resistors for vent duct

di mensi ons 407, transverse step di nensions 408 and
step cavities dinmensions 409. An enbodi nent of the
generator functions to enable water plugs to form at

t|o Se of vent ducts 430, and of
i P ShblrARe thy e VEly PEShSn e s B S RE M Rleg
440 for |ncreased watercraft stability 460, and an
SRS denghh tbegn. tnsed V%ﬁﬁ%*%??ﬁﬁlﬁﬁ%ﬁﬁ?%&ﬁo?énctlons to
maxi m ze the high pressure regions 450 to reduce drag
470. Paranmeters accounting for water and air are
[40839 s e d ilystiates pstlamati Ziagran pf & wsisatior thel flow diagram
1000401 FIG 6 depicts a schematic cross-section of
of P Baheoediag to d40exst stnenembdiimengh of the ilnentiont Asebdwom
cut AA-A of FIG 5, according to at |east sone

FRYLP gfffﬁ?ﬁﬁ 490 pclides p bﬂé(ﬁ%b@?araﬁ‘éte%tﬁﬁ\ﬂwe EIR&ENISE G ivBRable

of hu 600 has a center havi ng a v-shaped form
G e e
b VEidie e Brs Br bl 4 FRlere 8 R e RilehFB ;rruﬂ

rest, and extends to | owner ed es, nanely keel 614.
COPFIEURASION POIFNGETS BisTERTeRINd bycYaeiohls rﬁestarsgf%é% Augfept h

bel ow 15 the static waterline 615, than the vertica
dinenfimog4 Qb tiahoesseBld Giensiensc8tand steplchvitithdimansions $89.

surface portions 618 are configured to face the

AneytodBndle aflthesenérator fiiitabns ®lenbble @atq@iludsan Sorfil abif
the side hull 606. The outer hull includes inner

pSHOASE e 98{ttd'119ﬂ§313§ 1o dthdodBhént @ 8RR&ulifr fakBohdi®
center hul I 604, and have greater reverse deadri se

ggﬁrh%@pp@ﬁg A0 Rifac e&’fwa{egcg‘aﬁ‘i Bl B lang BT Y

face |ons uct deadri se

ace t|on 616 or str re fornrng:%h h B
em o iment e ventilation maximizer ons to maximize the high pressure

regions 450 to reduce drag 470. Parameters accounting for water and air are

represented by resistors 420, 421, respectively.

[00040] FIG. 6 depicts a schematic cross-section of the watercraft 500 taken
through the hull at section cut A-A of FIG. 5, according to at least some
embodiments of the invention. As shown, cross-section of hull 600 has a center hull
having a v-shaped form 604. Side hull 606 (used interchangeably with outer hulls
606) includes outer surface portions 610 which are substantially vertical to the water
surface, i.e., the static waterline 615, when the hull is at rest, and extends to lower

edges, namely keel 614. The keel 614 of outer hull extends to a greater depth below
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deadri se surface portion 616) is di sposed between
reverse deadrise portion 612 and vertical surface
portion 618, and collectively is configured to form
the vent duct 619. Opposing center hull surface
portions 620 help formthe transverse steps, and have
st epped deadrise 621 in sone enbodi nents, and an

rage ad nst e ngl.e

e A5 B o L e sect R GRRE e S EhRah® e

reverse deadrise decreases on the outer hulls frontbow
vergcal suyfee rewidens 6 1 jags configapidde facgihe rypsse dpadrise {Qrapmer

pl an view of watercraft 700, according to at |east
sigtace) potviods AEhoSthofkide helli6hs e fhe onter bl mchidas inngogurface

i ncludes amas 716 di sposed symmetrically on either
p&itigRs OF2 aceatiRpodedltd fat@4he yher Gl 684Rd hd¥é gRakh reverse

i ncludes a | eading edge 740 that is dlsposed aft of

dSERe glg% 'tﬂeéo&%%étng élrfzwelt)rf A dehteRhufl o EhtRAUuNriake

provi in“at |east several enbodi nents,

0
c riS€ G0 tep tout
pGPERLEEE VAEPUS Gttt ol Bhe of SEufl Rithop adia
the ama, More specificall ste cut |s t he
degdgise %@Fﬁ@%@%ﬁ?h@éﬂ%ﬁ@@ oo feadrisg ?a’ﬂe%gﬁ gnd
with a vent duct. It is noted that the definition of
vereahpiaaspostiamd IBu rediedlecBrdy & qonfighied dorformtbe yent duct 619.
| onger being a continuous solid side hull, but as
Oppddingdencte ol istrdstelppithnss 660 detphfatmitinctrandesrserstbps, phéhave
sections. As simlarly depicted in FIG 5 as three

stSfted defidrise BN ViEESiBe ShBREMRAE, aridd) avéfigd ddadrist @NGyer se
steps 730, 732, 734 are also shown in FIG 7 Ar

ur%ﬂ#??c@t 6tZI3 %orshtuﬁ @‘6@5 ‘}12 gth@%%b&%zn@ 24 Xﬂh@r éﬁdgﬁﬁ%ﬁtgﬁhe

e step uts Due'to

e. of anas 71 0 eIs in the vent
reliSi Sttt Sogerenonts PHE MU EER RIS Gescr i ped
el sewhere herein. The presence of the water plug

IPRART $16¢ 7 beiar afoiatigbotst alepedol ¢ wiERiad 150

according to at least some embodiments of the invention. Watercraft 700 includes
amas 716 disposed symmetrically on either side of a center hull 704, wherein amas
716 each includes a leading edge 740 that is disposed aft of step cavity 720. A
plurality of air entry points are provided, and in at least several embodiments,
comprise complete step cutouts 750, 752 and 754 disposed where the step cavity
intersects the side of the ama. More specifically, a step cutout is the port and
starboard outboard intersection of a step cavity with a vent duct. It is noted that the
definition of “complete” step cutouts refers to the ama 716 no longer being a
continuous solid side hull, but as will be described below, one that includes multiple

sections. As similarly depicted in FIG. 5 as three sets of transverse steps 530, 532,
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i ncreasing the pressure differential between the air
in the vent duct and the air in the step cavity. The
increase in pressure differential encourages nore air
to flow from the vent duct into a step cavity.
Furthernore, the water plug and resulting pressurized
air in the vent duct also keeps any air spilling out

romany of t cavities 720, , 1424 forward
s34 SEReNiasier 20,08 Tt ol Shvdd PURIET B s NP
the hull, as showmn in FIG 9, at |east in sonme
cagiiss dPorls /24 via sespreivicomplaie Henmwiorts 780s &% ¢54- Bug to
to. [00042] As depicted in FIG 7, the center hul
the prdserbef amas 7 b, rtheiit hlse aryéls i thd @emtrduseurftil aimeadhes tsw
to at |east a predeterm ned point forward of the stern

whtBr SI088s d@ahbel dBdiifere Bedint Thehpeesen@nsfame wateopliglentraps
enbodi ments. As seen nore clearly in FIG 6, the side

. : . the

ol SR I 1 B D8l B oG the Bt Bike Aol | e

. deadri se of the. Sj sur f.ace 6 of .t .

infERAHS B piiss bl B 0RBN BE Rh WRSHr 38 Ut 18 aniTt BF in the
vertical_ to the water sgﬁ%gce, 615 when the hull, is,. at

StePa 1tin dhe CETRge IgPTRYSHIC G HgrentiphsnaaragssrReTs A fiopy from
now be made to FIG 8A, which shows a side el evation

thevent glugiiniorasierd eavityl [Fushermiags, the waise phugiang resvltarg | east
sonme alternate enmbodi nents of the invention. In the

presstuagidrningho Ve ldGst. alsd laegs &7 ait sellmgwu? 6mbmag df derstep
cut out to 17 divide the ama into three snmall er areas

calRiet 920, 170018 REFAHIPRR wakf plaR thiappdddnths nibihg suffades of
754, which are disposed to COInCId% or intersect with

th@h{P s §E<R9£‘H{ e @ta%tgeas? ﬁqvéow%erﬁg&iiﬁlgtﬁt% iéﬁhil ﬁeeagtol%g nBWhere

wat €r Separ at i ng reattaching on

iqn§€i tely aft of a step cavity 720, 722, 724 draws
elsgitp Oﬁﬁpron1anbient surroundi ngs. The conplete step

cutouts are configured to encourage this flow of
[00042]  As depicted in FIG. 7, the center hull includes a v-form with varying

deadrise from the bow to at least a predetermined point forward of the stern in some
embodiments, and to the transom in other embodiments. As seen more clearly in
FIG. 6, the side hulls each have inner surface portions 612 facing the center hull
having greater reverse deadrise than the deadrise of the opposing surface 620 of the
center hull. Outer surface portions 610 are substantially vertical to the water surface

615 when the hull is at rest and extend to keel 614.

[00043] Reference will now be made to FIG. 8A, which shows a side elevation of
a watercraft hull of FIG. 7, according to at least some alternate embodiments of the

invention. In the embodiments of FIGs. 7 and 8A, the ama 716 has been cut out to
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air into the step cavities. Ventilating the step
cavities is desirable to renove the suction behind
each step that may create undesirable drag on the
hul I . [00044] FIG 8B shows a side elevation of a
watercraft hull of FIG 7, according to at |east sone
alternate enbodinents of the invention. In FIG. 8B,

802 udes pl ur t nin akes
o e g S B Eectiul e hirg pOR A,
redeternmi ned point amdship. Hull 802 includes a
% dp% Whigh ate disnosechiorapingislenfr dnterserirWigus eerreseonsing stgp
step cutouts 850, 852, 854 that facilitate ventilation
canfitgr dhe hectiogtcecpatexhboi whigsspanting 2ad ra@gaching e thedwl1808
side of the ama 816. Partial step cutouts 850, 852,
inBhddipte Br efeoft AWtEUGHViIR TR0 SR, 7DUlrawg abdAtifoasambient hose
air entry points of FIGs. 7 and 8A, do not cut the
s@%nﬂfﬂ%@ Phdldthbie sYeth:futo%%Ca{ré QMguTélp@een%gdrhéeeﬂls' flov Be

understand that partial Step cutouts 0,

aif %%th%%?ﬁl})n%¥ltl%§ Vg{ftjﬂgﬁxﬁ]ﬁl@ (SiteBycawftlgg {Ed% e %Dr%&t)gggxfs]

Known e art
FI.Gs, I.OA-D are | ar el s, sho W|ng r Vol une
sugfigrt behiY eap SIopr BETTIPeCTedie BB‘? TR EReaer 1 b il some
enbodi nents of the invention. FIG 1C0A provides hul
wetting and pressure conputational fluid nam cs )
(0Dl FBARB Rt e clepeioual Spsesaradh OO 8, acpgrding
way of exanple. FIG 10B provides CFD nodeling at
towd teastcoatetal tspatecknofoddentn of the ilte@tion. BT 8B, bels 8CFD
nodel ing at 50 knots, and 18 FIG | OD provides CFD
inolded 4 plgradity v&tuahipafrhkes a6 disat @fin HOmkiRObSW olfthevi@iite®full to
exanpl es. [000461 FI Gs. 11A-D are exenplary nodel s

a ;We&é’[ex(ﬁ'f QecPH&HHérﬁld@'ﬁ?W}Hﬂ %@%ﬁcﬁﬂéié% ¢ ISIMI%E SN én%'ﬁ?oﬁhs

cuts of a watercraft at 30 0 knot
conf§€%8 ' V%ré% st%pnglﬁ?&tg é?%g%@,_ﬁﬁ tl}lgﬁf%%%lgaqggenqﬁg%w WA fhe

step cavities 820, 822, 824 intersect the side of the ama 816. Partial step cutouts
850, 852, 854 pierce through ama 816, but in contrast to those air entry points of
FIGs. 7 and 8A, do not cut the ama into a plurality of sections. Those skilled in the
art will understand that partial step cutouts 850, 852, 854 may be implemented by

forming an opening within the ama by techniques known in the art.

[00045] FIGs. 10A-D are exemplary models showing Water Volume Fraction and
Pressure, according to at least some embodiments of the invention. FIG. 10A

provides hull wetting and pressure computational fluid dynamics (CFD) modeling at
watercraft speed of 30 knots, by way of example. FIG. 10B provides CFD modeling

at watercraft speed of 40 knots, FIG. 10C provides CFD modeling at 50 knots, and
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hori zontal axis represents |ongitudinal hul

coordi nates and the vertical axis represents the
vertical hull coordinates and pressure. G aph 1121
represents the vertical hull coordinates, Gaph 1125
represents the pressure in the vent duct, and G aph
1124 represents the pressure at the hull centerline

I IR 9% CEPIRRIREE W ot et n R B o

a | ane parallel to and spaced 3.5 feet fromthe Hul
e@%ﬂé&&ry Pl ane (See FIG 5, Section CC, Hull
Symmetry Axis Offset). [000471 The nodel shows that
there are four nodal pressure rises 1124 in the hull
[0884fa]er IFlGie 144 -Praee engmplary nqdglseride R @vippts povripg pressure
Symmetry Axis 1121, which represents the rise and
ovealdngatidipalessnfe watterdfoatsar 40, H0snd poakoisnreppessely e
along Hull Symmetry Axis 1121 corresponds to the

acSbAANAb 2P RaRQbHe MBRUBNAS & thé irfvehtio OMIAICES] 1AL, el |
or the apex 70, 73, 76 of FIG 1. The fall of pressure

| i r t he
nisBRE SlCrcpkidhs RATRELEM I DobBiReC90 R ROER 861
The nodel sho hat ..t here is a singl Lgni ficant
reppaerli g e R hsB bt fnd et gt T et v
1122 is traversed. This represents the rise in
vepticad Byl goqriingtes, Graph 14¢tertepenty the nresssdn g it gygigand
being forned. The |ocation of 19 the Pressure Spike
GropR 3 124 repfdsentt ut ygssureet the Hedloentenlame(St¢ §lir.6s craskreection
vent duct pressure peaks where the water plug is

BB HutiS yairgetehe Aikizh.edriph IRRECseptdsehtsihe vertitdldullfcboslinasdsdp a
at 30 knots, corresponding to watercraft hull 60 in

1HilePardliel @NarldBa&RCNN et HHARMAHUAG YIRSy PIRAE (REFACIS NY
ptchﬁv?/gtgrcraf:k%ﬁull 626in FI G il and oﬁythe ghird step

Se@ﬁfﬂ?ﬁ-@?@lﬁg_y&ﬁ{%{!‘%a\éﬁ@ﬁ%@o”di ng to watercraft hull
[00047] The model shows that there are four nodal pressure rises 1124 in the hull
centerline as the hull is traversed along the Hull Symmetry Axis 1121, which
represents the rise and fall of pressure. The forward-most peak in pressure along
Hull Symmetry Axis 1121 corresponds to the stagnation point where water first
contacts the hull, or the apex 70, 73, 76 of FIG. 1. The fall of pressure along the
Hull Symmetry Axis 1121 corresponds to the location of the step cavities 520, 522,

524.

[00048] The model shows that there is a single significant Pressure Spike 1125 as
the Hull Symmetry Axis Offset 1122 is traversed. This represents the rise in
pressure in the vent duct 510 due to the water plug being formed. The location of
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knots, when the water plug is not yet at the idea

| ocation, the pressure in the step cavity is
virtually the sanme between the vent duct and hul
centerline in the step cavity. At 50 and 60 knots,
however, when the water plug is at its ideal |ocation,
the vent duct pressure is higher than the hul

cepnterli surg i.n.the step cayit It houl e
aiaeaerrrEl T e b el oty by RO 8
i nplenented to create the  water plug of the present
PIeRER PSS WHRERHHBE JVaieh @fug 1p SRrmedare Srwittsndii G 1dA-D, on the
entrapped in the vent duct at optim zed speed for the
figsastep et ¥ knoteprrespanging to werepwral hull G0 deFlGg , e yhdosecond
enpl oyed, or al so, hand cal cul ati ons, conputer
steht 4Gltrdtd, aoi@Espondihg crvaiergphfe help 62 atBIGR dt and on thenbiréxtep
CFD, nodel tests, or full-scale tests. 1000491 A

atoft Al Bk deS 8k RbbRIn®fo WAErcRI RRL 64 BXAMPR!1 €139 and 40
provi ded herein along wth acconpanying figures. The

, q Dot . . P iy

L AR bk R R R ROAOSELR0 ik e
exanpl.e. The sco islimted, only by the claips, and

catsay el e A Doieen dgenT dust pa bl grnieri i BF sipe
are enconpassed. Nunerous specific details are set

cavisyt KtiSA apéh 60 eater hqwaven when dhawatet plug py @visddead location, the
t hor ough under standi ng. These details are provided as

vex dugtlpesssareds bigber tHasteihoBdettedineipmesesre nmthelséep cavity. It
practiced according to the clains wthout sone or al

shRlild tienACTOEPaMYithedcdsttatinsqued RRY bahipRetentedtie ottt the
be exhaustive or tolinmt the invention to the

W%%fé?l?l? of ﬁi%gﬁgsegﬂ ﬁ’l%lﬁﬁ)ﬁgnarﬁeﬁ%/ WY @ith 81rARG WARS are entrapped

cat | 20 equivalents, and variations are

. ppssibl.e in view of t abave.teachings,. Fqr clarity,
8 Pl et bRt Spdraciof B8 AR FORE it Phfld
fields related to, the exanpl es has not been _descri bed
mpeieliagunt D3 BB Ol AHBREY SIFvigtiNss EQIPPHE Yofvare ranging
description. [00050] The various exanples of the
fromsinple spreagsiedie ta eqanmlee REBH modelgsiaras figll-scale tests.

[00049] A detailed description of one or more examples is provided herein along
with accompanying figures. The detailed description is provided in connection with
such examples, but is not limited to any particular example. The scope is limited
only by the claims, and numerous alternatives, modifications, and equivalents are
encompassed. Numerous specific details are set forth in the description in order to
provide a thorough understanding. These details are provided as examples and the
described techniques may be practiced according to the claims without some or all
of the accompanying details. They are not intended to be exhaustive or to limit the

invention to the precise forms disclosed, as many alternatives, modifications,
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ways, including as a system a process, and apparat us.
In general, the flows of disclosed processes may be
performed in an arbitrary order, unless otherw se
provided in the clains. [00051] The description, for
pur poses of explanation, uses specific nonmenclature
to provide a thorough understanding of the invention.

ver t will be a eC|f| .

e TSI Lt itons s FOraal ot giest by SR EtAcRinbEnForariy.
In fact this description should not be read to limt
teghnjcal extariab thet isdapwatin dre teehmil Ssldarelpted énthe sramplss hasy
enbodi ment; rather features and aspects of one exanple
nat deer daadr’iqu ineletailriv evaid angextssariisholsringng e dawiription.

Not ably, not every benefit described herein need be
realized by each exanple of the present invention;
[00@s0]1er TabYasPetixhinglesa el ifventidy nHy®e i@t ini@rous
of the advantages di scussed above. In the clains,

wisCRMdph PRY QPP ﬁ)?(;c'e%n andlfoafitud. "Rl¥n&aY t}{%q{dvl/scorﬁ ar

order of operation unleds explicitly stated in the

aif Gielbroghbsel Fraly e SR R lanlaPGuh G NOIK A IRGQ0T

is, Clainmed is: 1. A watercraft conprising a
I”E@H”SF”%EFP“Bﬁd a pair of outer side hulls
respectively | ocated on opposite sides of the center
hul | and including outer surfaces form ng portions of
(0051 ] o L&e deScrigom ot PSS BF pxpignationgisgs epitiemomgnelature
having a v-formincluding varying deadrise fromthe
to lpoavidoa tordughsinderspndidgtoé thei ineghtiopoiHutwefvon, Wawitl befappérent
stern, and said side hulls each having inner surface

th@Gpkdifo detafl agre MYt theiredint @t pkackiay thedn@heiah.ein fact, this
reverse deadrise than the deadrise of the opposing

deéagrtﬁaﬁ%hetidmeb&ﬁaa &S lifitlahy &R 0P HERE SURE BeSsht Hvehtitn
st de hulls belng

to any embodiment; rather features and aspects of one example can readily be
interchanged with other examples. Notably, not every benefit described herein need
be realized by each example of the present invention; rather any specific example
may provide one or more of the advantages discussed above. In the claims,
elements and/or operations do not imply any particular order of operation, unless

explicitly stated in the claims. It is intended that the following claims and their

equivalents define the scope of the invention.
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substantially vertical to the water surface when the
hull is at rest and extend to a |ower keel; said
center hull also having vertical surface portions
facing the reverse deadrise surface portions of said
outer hulls; and having a vent duct deadrise surface
structure between the center hull and side hul
f or.m .a fl.at deadrise surface portion extendin
Whatis E%‘H‘egéﬁt er hull vertical sgrf ace portions agd
intersecting wth the reverse deadrise surface
portion of an adjacent outer hull on each side of )
center hull, vherskyalspupusng acenen hullandg pagy of outer side
surface portions, side hull reverse deadrise surfaces
hdsdrespentivedy bicad adoppesiesidea of theaettenns! alef incledmg\oater
duct on each side of the center hull; and said center

supikcbs foaminptiodseAshe S8 dided RS RN SRestAN Sald@htee tugnd
fromthe “center hull across the vent duct deadrise

o A o . I r .
e 2T el S, Ol KPR O B o8 B e pietcrmined
said outer. hulls include, | r .edges extending to a
pQRLGrEE PR o) o P RS R R R Bho gt
surface portions of the center hull, 22 2. The
fagingdhe peatqr hotl heyiag grepteripwerss deadmpss than the geaditse of thei de
hulls each conprises a plurality of air entry points,
opfiosipg sedateoofithg @T@@dmllmaimomtesmépmﬁef thesidph eifiges
defined along the center hull. 3. The watercraft of

subktahtial B, vertiel & the twigeraurfacnilian the hall $s ateesrpnd aaemiip a
outs. 4. The watercraft of Cdaim2, wherein the air

108} k¥l PRI Ster HAMRAISLHBVRBVeHiRh] SthrfBe poKBHS factnbahe reverse
pierce said side hulls. 5. The watercraft of aim 2,

de\gﬁlggee%]u?{aﬁgk&i%hg offAld é/utgl%d?lts,sandc}%@mgj St BLEUeRftlse SBHLe
sirde nuli.

structure between the center hull and side hull forming a flat deadrise surface portion
extending from said center hull vertical surface portions and intersecting with the
reverse deadrise surface portion of an adjacent outer hull on each side of center hull,
whereby said center hull vertical surface portions, side hull reverse deadrise surfaces
and vent duct deadrise surface portions define a vent duct on each side of the center
hull; and said center hull having at least two transverse steps that extend from the
center hull across the vent duct deadrise surface portions on either side of the center
hull, to end at the inner surfaces of the side hull; wherein said outer hulls include
lower edges extending to a greater depth below the waterline than said vertical

surface portions of the center hull.
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6. The watercraft of Cdaim1l1, wherein the vent duct is
configured to allow formation of a water plug that
prevents ventilation of the vent duct. 7. The

wat ercraft of Claim6, wherein the vent duct is
configured to cause pressurization at the fore of the
wat er plug. 8. The watercraft of Caim6, further

conprising a pluralit f tep cavities dj sposed .
al ong a rgnninéﬁ%B?WH%wngpﬁﬁmée 1t PFHﬁE8F@fﬂdehuus
each step cavity is configured to receive air .
eaghepimipaisesch lnit eleainanity phues, dgposerhio interseeli witlpgspective
portions of the vent duct remain dry, and said step
stepwaviyeshietingd slong thgweadr hal.direct the air away from
the water plug and through the running bottom 9. The
watercraft of Caim1l, wherein the center hull and
side hulls include aft transom portions. 10. The
wat ercraft of ' tSihng: '
coupl ed t% thefﬁfggggﬁ?%gg?P@ﬁgg%¥%%h$ﬁgq%§?g§?gg@§ of
Caimil, further conprising a plurality of running
CQRRILR SUL Q& hosed on a bow of the center hull and
running therefromto a predeterm ned point am dship.
12. A nmethod of constructing a watercraft having a
center hull and two outer hulls disposed about either
side of the cehbhewaterdraft 0HClaom?, whsigacthe v enyrgpointuct s
t here between, the nethod conprising: integrating a
cdehpifsalpattial &bp paoarehR hertdidete hellsof aspects rel at ed
to the watercraft to allow formation of wetted areas
at the vent ducts; formng the vent ducts to be in
communi cation with a plurality of

5. The watercraft of Claim 2, wherein said air entry points

comprise three per each side hull.

6. The watercraft of Claim 1, wherein the vent duct is configured

to allow formation of a water plug that prevents ventilation of the vent duct.

7. The watercraft of Claim 6, wherein the vent duct is configured

to cause pressurization at the fore of the water plug.
8. The watercraft of Claim 6, further comprising a plurality of

step cavities disposed along a running bottom of the center hull, wherein each step

cavity is configured to receive air ventilated from the vent duct so that certain
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step cavities in order to cause the wetted areas to
pressurize the vent ducts; and configuring certain
portions of the vent ducts to remain dry by enabling
ventilation of the vent ducts away fromthe wetted
areas, through the plurality of step cavities and
onto a running bottomof the center hull. 24 13, The
net ho f Caiml2, wherein jntegrating a plurali .of

Pt ehtet w uir o rinraid oty Beind Battaied Il
parameters that influence operation of the vent

the aistazvay dieen thetveateri Mdendoibroned thg smpmethedoyent ducts to
formsaid wetted areas that block the air from
flowi ng out of aft portions of the vent ducts. 14. The
met hod of Caim 12, further conprising: enabling the

wetted areas tphd Watdicwert 6f CREHISwhtreR the ROMtt lNSardfside
the vent ducts; and enabling peak pressure to be

-l fedqff"ﬁ - and wi dest points on the
m@%?@?gra t.mﬁéﬁyﬁﬁg&ﬁéthod of C aim 14, wherein the
wat ercraft is configured to attain increased
stability, responsive to enabling the peak pressure.
16. The nethod of Caim12, wherein the vent ducts are
configuretd-to Brusaereall o frlaia ﬁlr@tﬂi SHIRRRAL 3} Bi#the
wetted areas. 17. The nethod of C aim 16, wherein said
conpled ite thefttansem pogivhsgur ed t o enabl e said ventilation
t hrough the step cavities and along the running
bottom so that the watercraft is capable of reduced
dr ag.
11.  The watercraft of Claim 1, further comprising a plurality of
running strakes disposed on a bow of the center hull and running therefrom to a

predetermined point amidship.

12. A method of constructing a watercraft having a center hull
and two outer hulls disposed about either side of the center hull to form respective
vent ducts there between, the method comprising:

integrating a plurality of parameters indicative of aspects related to
the watercraft to allow formation of wetted areas at the vent ducts;

forming the vent ducts to be in communication with a plurality of
step cavities in order to cause the wetted areas to pressurize the vent ducts; and

configuring certain portions of the vent ducts to remain dry by
enabling ventilation of the vent ducts away from the wetted areas, through the

plurality of step cavities and onto a running bottom of the center hull.
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25 18. A watercraft conprising a center hull and a
pair of side hulls respectively |ocated on opposite
sides of the center hull and including outer surfaces
form ng portions of the outer sides of the watercraft,
said center hull having a v- formincluding varying
deadrise fromthe bow to at | east a predeterm ned
point forward of the stem and said side hulls each
havi ng i nner surface portions facing the center hul
havi ng greater reverse deadrise than the deadrise of
t he opposihg silih¢ methodsx Glaim b vthereimintegrating apleahites!
hul | al so having vertical surface portions facing the
paremetessscongaies:se surface portions of said outer hulls;
said center hull including a deadrise surface portion

on each Ofetbinfinled@San@*¥iAadhile bhafeiad thavi@fllbkRloperation
surface portions and intersecting with the reverse

' u ce portion of its adjacent outer hull
Qgﬁggégﬁgcéén(ﬁr hull including a running bottomwi th a

plurality,of step cavities, disposed.therein er eb
sai d ver t AgiMIBIRPRLLS ‘ﬁg}‘“ﬁ BrY ?lardi\cﬁé o gora’e%%‘ W\é\@egare%
surface portions and deadrise surface portions define
that Rleel thg getrasn flosine Qi@ aBportins of dierent fifl:, each
said vent duct including a plurality of air entry
poi nts configured to encourage intake of air flow
that pressurizes the vent duct and that ventil ates
through tde sTepmethodiof €3aiantd, dintler ch@prisingd ng
bottom 19. The watercraft of Caim 18, wherein the

ai r entryen8iing the wHERkSE 16 WrmPWhSr pld8s at BiEportions of the
wat ercraft of aim 18, where the aiT entry points

Vﬁﬁgﬁé&§§gpartlal step cutouts that pierce said side
enabling peak pressure to be attained at aft-most and widest points on

the watercraft.

15.  The method of Claim 14, wherein the watercraft is configured

to attain increased stability, responsive to enabling the peak pressure.

16. The method of Claim 12, wherein the vent ducts are

configured to cause maximum ventilation away from the wetted areas.

17. The method of Claim 16, wherein said watercraft is
configured to enable said ventilation through the step cavities and along the running

bottom so that the watercraft is capable of reduced drag.

25



18. A watercraft comprising a center hull and a pair of side hulls
respectively located on opposite sides of the center hull and including outer surfaces
forming portions of the outer sides of the watercraft, said center hull having a v-
form including varying deadrise from the bow to at least a predetermined point
forward of the stern, and said side hulls each having inner surface portions facing the
center hull having greater reverse deadrise than the deadrise of the opposing surface
of the center hull; said center hull also having vertical surface portions facing the
reverse deadrise surface portions of said outer hulls; said center hull including a
deadrise surface portion on each of its sides extending from said vertical surface
portions and intersecting with the reverse deadrise surface portion of its adjacent
outer hull; and said center hull including a running bottom with a plurality of step
ca{/ities disposed therein, whereby said vertical surface portions, reverse deadrise
surface portions and deadrise surface portions define a vent duct on each side of the
center hull, each said vent duct including a plurality of air entry points configured to
encourage intake of air flow that pressurizes the vent duct and that ventilates through

the step cavities and onto the running bottom.

19. The watercraft of Claim 18, wherein the air entry points

comprise cut outs.

20.  The watercraft of Claim 18, where the air entry points

comprise partial step cutouts that pierce said side hulls.
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