WO 2005/ 077745 PCT/ US2005/ 001662 PETI TI ON TRANSONI C
HULL AND HYDROFI ELD (PART I11-A) as set forth in the
wo edosowiTmy specification: Technical Field The PCEES05/001662

i nvention pertains to water-supported vessels such as
coomercial and mlitary ships, submersibles, yachts,
hul I s for seapl anes operating in and out of surface
effects, and boats in general, including operation of
such vessel s at high rse seas.
Background Art The arPEieEIe-Elt@Ne present
application may relate to the art in Jane's High
Speed Marine Craft. In addition, the art related to
the present application may include references to the
Transonic Hull (TH) and Transonic Hydrofield (TH)
specified in United States Patent Application
08/ 814, 418, and the propul sion, controls, and shapes
of Transonic Hulls specified in United States Patent
Application 08/814,417, but represents significant
and novel TRANSQNICEHLK LOAND HNORODBIELD (RARITI IHeA) ons.
Al t hough certain vessels having triangular hull

as sBt fAIHrPINthe Hemswing RpEeiithtiorsi M lar  in some respect to
TH have been prepared in the past (for exanple, those
cited by the Patent O+j Py : exam nati on of
Appl i cation 08/ 814, 418)1féct %égée] If}'g\?/de been designed 1
WO_2005/ 077745 PCT/ US2005/ 001662 to Haée a%v oxiﬁmtel v, ial
equBF PIRSENtVERUIQB ARMANRIOWRIEE SYRACHAL VBSR'S SUCH AS commercia
conventional ship design. The Japanese Patent 61-

and 1pitagy ahirs, BUPE\GESIBIES, Maalts, hHlfufarseaplanassepgrating in and out of
all its enbodiments, that the draft at stern and bow

surface tefffiestsa@ndokoatst ial genenal, aingluiding bpétationaoff such aeesels at high
approxi mately equal and the sanme as m dbody draft. In

speéd¥ M adverse seas.
Background Art

The art related to the present application may relate to the art in Jane’s High
Speed Marine Craft. In addition, the art related to the present application may include
references to the Transonic Hull (TH) and Transonic Hydrofield (TH) specified in United
States Patent Application 08/814,418, and the propulsion, controls, and shapes of
Transonic Hulls specified in United States Patent Application 08/814,417, but
represents significant and novel improvements over those prior applications.

Although certain vessels having triangular hull planform shape apparently similar
in some respect to TH have been prepared in the past (for example, those cited by the

Patent Office in the examination of Application 08/814,418), these have been designed



they followed earlier design criteria, even as far
back as that of U S. Patent 23626 of 1859, which al so
webasm7Eaual draft at bow, stern, and m dbody.pdhestesprice2
stern drafts wth broad beans at the stern are
extrenely inefficient. I n both the above-nentioned
to hap@tpptoximatedy bqualdrafts atjddeat trendtern afd thopawcgs (MGR)nventional
of their hulls, and therefore the |ocation of their

ship @%@Igfhr s THe Yapdhése Fa@ntey! d28981RYof MERSBRBNPTHEA dustries
pl anforns and equal drafts, at or very close to their

east§E11 5 PSSR ISEptn AEH ey owvozﬂgwowmatew
trlan%ﬁ?rdwalgvlvargfggnl | n%gpgqxgrgn?mﬁ\{ éqtg%l aﬁweawgg\évm unI %‘?g\ft In this

usual for .conventiaonal hulls eover uc rior art
they fRjlower RarlisiRRsign FrieHe. sf/%@fssfabEa@Baa#aafafb %ci’@t%m 23626 of

on drag under forward notion. In respect to_lprommt
1859owhiot3, algBshews equsl draftiad bewd s@om@mldbmiy thsi deep stern drafts
proximty as in conventional hulls is not viable for
with Bridadiezmus at tHe stendaresextrerselyyipeffiofenhul | wi t h
unstabl e tendencies in pitch under fast notion, when

SURbEHRE aB¥eEnbéntioNEdAtems [AB lodttiDhlT hﬁé@\teﬁﬁ%oyancy (CB)
adverse behavior is simlar to a phugoid self-

of théipﬁhﬂ’% %?é#o'r@%ﬁé’fbca%n%lfrt REPELNidRER HFaQﬂantgﬁi@@rvgﬁ%lﬁ be, by

t's neutral polnt.

cos LA PORR el PR B85 P comer f plartrn
passengers, and nmay be dangerous.
areaspa@% plane, Slsq lgiewn aongitud gl §ﬂ'i“eb9f ﬂﬁf{at'f)@é'e%b which is at

solution to this problem by neans of a bow bul b. Thus,
66% iof waiterdinealebgthbaft ©f trbowyy unieiss ehbow P udke iselisgrb dTbisd)r'oximity of
useful for fat, slow ships, with a different type of

CG, 08' bnd TGS is dsMD f8PE5ABHEIGABI RGTE. USIPEV 04667 priedlda does not

drag, as well as volune, to their design, and the drag

consi'd%? H'%_faﬁ?&%tof HE% gf\FgGg%’tgaéilaz\'dﬂ %r L&ndérrf?g/?%}ﬁrrﬁéﬁon TH
OIII}:];eesrp n toap gxmltyofCG CB, and LCF, | have discovered that their proximity
as in conventional hulls is not viable for TH, becaus’e it renders this type of hull with
unstable tendencies in pitch under fast motion, when subjected even to a minor pitch
disturbance. Such adverse behavior is similar to a phugoid self- sustained oscillation
of aircraft when its center of gravity is close to its neutral point. In a ship, such
oscillations not only increase drag, but are undesirable for structures, for cargo and for
passengers, and may be dangerous.
Such fundamental problems are serious. The Mitsubishi patent teaches a

solution to this problem by means of a bow bulb. Thus, it mixes a bulb technology

which was developed and is useful for fat, slow ships, with a different type of hull. This



i nnovative solution: it conbines, in the subnerged
portion of TH, a deep draft forward and a shall ow
wale@bn717as t he rear, which normal architectural pPGHUB2005/001662

desi gn woul d consi der dangerous with an inherent dive
potential unless a bow bulb were used. However,

addd driagpaé nellmsdalurhestosthelr iesigny ahd the drdg isseel ist tsttpriblrity for prior
theory is correct in that dive tendencies are not

art. determ ned on a triangular planform The TH sol ution
renders an i nherent di stance between LCF and center

Oflgbc'iwn d ai @%%démro??ﬂfpﬁcgﬁ@%@?téﬁ Seﬁ{aktegé Btahy different and
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relati on to lack of dive tendenc and est abl i shed
and p@hp\ﬁ@ﬁ@é@ {Q)tr&rﬁaé, \MhchqqqmlajE?r@hgﬁg raliship design would consider
di stinctions between the hydrostatic stern condition
dangefdus Méthsareinhesentdivedyaiantial undessiathow bulb weee used. However,
supercritical and subcritical reginmes, as is done in
followimg progieeéstE] khis patitentcomfiphed athab TH the@ypisctorrect in that dive
limts of distances between LCF, CB, CB, and effect on

tendeh@bs Grélhat HetmindtE6AartBiangMap plareyrmi. eh’ﬂb"ﬁﬂ'%o&ﬁ@n renders an
established in the present work in relation to the

inhe%@?%@mw \Zl}g_rélg %éﬁ%glgﬁ)rf%ﬁoﬁéﬁéy gﬁ%%&%ﬁ%%genter of
gravF%gHsfagﬁSQf? e%f%gmj-ﬁ ?ﬁg\léqméﬁ?é :gglgg-grg%vg aspec&s in the

tures, and rre oper ation whic
femlﬁlﬁ‘abﬁ?tt’“@ﬁnv@By QQrpk@E e aﬁﬁ oﬁt@m dradt t%@e%&%‘tof haye discovered in

transonic hull TH and the transonic hydrofield TH
relationteradloofsdivé teratemcy afsestablishedsin 08¢33ct td payloaddwith reference
08/ 814, 017. The scope of the present invention is

to thé digtiRctichebaweamthelhydkoseit eteth ednditioh Aad e s erm'e Agdrodynamic
speed envel ope of TH over a very broad speed range

conditi ﬁf'ﬂ‘ﬁ\% Q)ﬁ]é;ﬁ?nﬁf(}sal %fnd,”%&gﬁbgfé(?‘ﬁ%%aﬁé% ld®hkGR tR8%bresent CIP

new hydr od regi mes beyond the previous

pateﬁf%%{lfg%gﬁ@ h} %@Beéﬁe‘ﬁ‘ﬁﬁ{é 5\" a‘f&lané&gbéﬁfc'eenq_élb,%& CB, and effect on

static draft. Furthermore, these key relations are established in the present work in
relation to the hydrodynamic drag consequence of entry and exit flow angles in its

various speed regimes.



nodes, nanely: the hypercritical, the transplanar, and

the x-reginmes. Wth these inprovenents, a single TH
whpdos/ozams operate with good efficiency over a p@r/gs2005/001662

speed spectrum which otherwi se would require two or

three ships with different conventional hulls; for

exanpl e, a conventi MMisclawrplafdaventionhi p at | ower

range of speed and a vee- bottom or sem -pl ani ng hul |

fOFrHal Bhsdent ARGt Rion? spEBifEd alev U Hes g?\aEHéﬁeQLfeta*ﬂ@res, and

invention pertains to hull characteristics and shapes

met@f&g% :31;: %F&Fg&b) g)rﬁrirzﬁftﬁdﬁli‘f\ﬁ‘\)%'i Si}‘}ﬁ{rgﬁ)gﬁ&]?x%idqne 4 c?%e-e of the transonic

succe operati on over

ad eed reqi i n. se _seas eferably also i
nui 58 301 3RS Sonaprlamyoroia 1 FLpuertons shbfienARmcdtiors odls14.418
di stribution of heavy nmass conponents inside the
and{ifi/14.801¢n T saperidhemigsentdnentionds symmarized helow:
feature of the invention pertains to special shapes,
trilm b#reextensioosfithe operagpnal speedernvelepe of Bd eveoa very broad
of longitudinal center of flotation, and various Kkinds
speell rihgpmcreabesthy melans 0f adacidsigmelkarattaistios andméw hydrodynamic
enhance and i nprove the performance and

regi nAlthé ipkavidlis siscriticanafd sGpéretiticalte§imdB iNahe displacement
and adverse seas. 4. Additionally, other Tnportant

t of ' ' ' | SIRAPESA il NC Mypi

mod & iy b sl s st dnd R Greqifils™"with these

.___sensor as.wel | wake of, 4. WD 2005/, Q77745

impfRuEE08 Atie a3 M AN Chesrie Wi GRRSLHRAFY Busk & farge speed
whi ch %_i el ds stealth properties to the hull which are ]

speglsy@rwhich @thembspweisi reauire fwe or thieeshing with diffeianteonventional
and good behavior in adverse seas. Thus, the new

hulls rfeeexarple] a canventionabdisplacestendship at ioavessange bisgeed and a vee-
capabl e of operating in new high speed hydrofield

bottoRObMBSMPPlahityy hiilpfRs tidHerpebdswhi ch now includes the
hypercritical, transplanar, and X regi nes. For

b T T T
andi gﬁ’apes above and below calm-water waterplane which are 6ritica| to permit
successful operation over the broad speed regime in adverse seas, preferably aiso in
optional combination with special longitudinal distribution of heavy mass components
inside the hull, such as engines, fuel, and weapons.

3. A third feature of the invention pertains to special shapes, trim, balance,
center of gravity location, location of longitudinal center of flotation, and various kinds
of flaps and streaks needed to make feasible and enhance and improve the
performance and maneuverability of the transonic hull in calm water and adverse seas.

4, Additionally, other important features of the invention are its hull shapes

which have inherent low detectability by radar and other sensors, as well as a wake of



br oadened hydrofield is TH 11. O her enbodi nents of
the present invention are inprovenents applicable to
wdbkboandr7d3+ 1 | . Because the invention is broad epomus2005/001662
powerful, it is not necessary to incorporate in a
singl e vessel each and all features and nethods of the
low visibdity and$hemaial donterdywhicht ielda stealth propediassiodhe hud which are
i ncorporate each of themin all claims. 5 WD
nevettHEk $¥/ darhpatisle/ Witi? e filnid) HydPodyrangits Redogdqal bemaviér in adverse
the Drawings Figures 1, 2, 3 and 4 are exanples of the
searior art related to this invention;, are views of the
cover planformand profile view of TH and pl anvi ew of

Wﬂgit{ﬁ%zﬂé\?[slg%ntl Xsegh' AN welatge E‘%aﬁh tﬁgnsomc hol capable of

b an cover exa

reviousl ser 3/814. 41

opeZifo Rty ok RRate i Srit "Qﬂmgr@nsawgg A, genich now
V/iiL for TH and | ACC hulls; FEigures 13a and 13

inclugiesdhg dwperitieal, itianspianap. and P(nreIQyBS?c i qflsé'HP"‘F'E’glﬂi‘% hull of the
Fi gures 14a and 14b disclose the TH Il and TH 11l in

presenhiirygndioar isr algo meferrgd darigscertain dmportant diaseisoae Tthhdl, and its
stern profile and flap; Figure 14e discloses the

broagiered najdrofieldf ist Mei-Bt eOthér ambadimentsf of ¢hé Ipees@it; invention are
Figure 15 discloses the THIIl and TH 11l in X-regine;

|mpr6\/8H1"e‘ﬁts1-§ Fﬁhic%%hé)ﬁﬁwta?ﬁ pigrn and_side flap for
control Igure 17 d| scloses the TH and TH in sea

I I
; ?g%@@é {?*\%lﬁ{f.%ﬁ@ Q%% aﬁﬁ %g%%rﬁtg,t it bsnrjl:dt%ér §§s&|§%$ncorporate
seas and s r at ures 9- 28C d scl.ose
in a5 SIS VasBbcs Ao Aotanh aire gtémfsatoeidhﬁ iaryigns and
TH and TH of the present inventi on
improvements, nor is it necessary to incorporate each of them in all claims.



Fi gures 29-49 discl ose further additional enbodi nents
and structures associated wth the TH and TH of the
w@e@sment743 nventi on. 6 WO 2005/ 077745 PCT/ US200B¢D0SBE2001662
Mode(s) For Carrying Qut The Invention The nature and
scope of the present inyentiopn,can be.better
under st ood by Q’Wi%ﬁq&qmogmﬁb’ﬁmm%ﬁar acteristics
of conventional hulls, which have certain serious _
i Fipresid, Br dlandmbaienexamplesaf #ne ariar an ralateditathissingeation; are
and exam ning also the [imts and potential of
views! 6faRg @over plahfermTah@pebfild eiew by TiH oéne btiview BAT Enaf the present
Applications 08/814.418 and 08/814. 417, all which
invenfi6hs the conceptual inquiry solved by the present
I'nvention. 1. Characteristics and Probl ens of

Li | bS sl taa - , _
CRRFRE £, 9540 LS PAL 0N 18F G RS oun i
oo g hoagesoh s Lo B (O e F T

terns of weight-to-drag ratios as function of

s FamuetBospecifieg therrelation, batween sbag pae \¢d Lifepdthand (G hulls;
their correspondi ng volunetric coefficients, which
aFRyiredi1Gatande 3i disiuget thei Tl and Thekk irahyberctitics regime;

di stributions responsive to their speed envel opes. 1

i D spl - ' o ' -
WIS SR Ak s A EMIARARITHNN FaRegbdarceine

present, the e. an upper_.speed.| i1 I'led "hull
spéqiyes mgaqudaﬂ@gmqﬁsﬁpage ngka%}]ﬁiﬂ% ' resi stance
(drag) grows at a high exponential rate, forexanple,
aFigureri4e disglosanthe pembinatios #f the stars flgrand H@Weeﬁ'@{‘PPf;
bet ween bow and stern waves generated by and

t IFyrel 180digtloBet fiite THaM @ndtTHhdl ihnX-regimeal s t he

geonetric length of the hull. This situation is _
S0 FRSAIRLITEEL ik bl didienagtorudtitdroat speed in
knots "divide y

Figure 17 discloses the TH and TH in sea waves with lateral flaps for control;
Figures 18a-g disclose the TH 3-D shape for operation in adverse seas and

stealth operation;

Figures 19-28¢ disclose further embodiments and structures associated with the

TH and TH of the present invention; and

Figures 29-49 disclose further additional embodiments and structures associated

with the TH and TH of the present invention.



square root of boat length in feet equals 1.34.

Di spl acenent hulls are very efficient well bel ow hull
wepweds7wd t h wei ght-to-drag ratio of over 100PCHUS2005/001662

extrenely | ow speeds, the efficiency ratio increases

to much 7 WD 2005/077745 PCT/ US2005/ 001662 hi gher

val ues, becalslefsphfornfaryint ut/Ehe invantion ght

remai ns constant. However, near or above hull speed,

t Mgl ndkirg Rindt Scopendf thd preseat irv@ntion raap bé \betted understood by

beconmes physically and econom cal ly unaccept abl e.

revie\;;!ht@tﬁé‘ifriﬂcid&il Slli‘éar"acﬁafl"?ﬁgﬁ oPdorfliePBbASIHTRIRL whith!Ha¥elcertain serious

al nabl e prlncha y by increasing hull 1ength.
. f . -
er ] I F Yt BRIy CHRRA080 0" o 0RAF 7 e i

and F)S’Pqtrgigngytréﬁqu% Strlg(.l_l gl-ﬁg gﬁ%t&%%é@cﬁw&%@% Flu!l%tes:ﬁtei%blications
intrinsic of displacenent hulls, because of their wave

08/8 e and O8/EH4pbe alladhiah setrde eonerptualinawint spivefbyine present

i.e., "wave nmeking." Wen the |ength of waves
invenfiener at ed by the hull exceed the geonetric |ength of
the hull, as showmn in Fig. 2, the situation becones

cri. ti c@hardtteristicy 8¢ Prgblehweofal ommtitiohdkHVIIS.h
i ncreasi ng speed i nduces a further drop of the trough

neas ria@r?gééiéh{pfo} ﬁﬁéiiréwe\w% Siepgfa%&‘ﬂﬁkf é‘bn\?érm&ff\%?heﬁ db@iggs by hull

an’increase o s angle of attack. The

[ I t dgit.i o | nka | t [ e
typesy o AF8iArRE, ) bt SHBarafplir e, SPyRPES ) YHBRetopes are
| evel s. The. increase of apgle of attack. inpedes,.
exprasseoes capbbul e BiednsAl BehLIRRlAg Gt B kactps of speed-to-
avai l able to clinb over the bow wave and enter the o
lengthratinsngestaginsidered rgathen with theifsosespandingwolumeléic coefficients,
di scussed |l ater on. The high drag due to wave- maki ng
whichaddsintiicativel oflangitudinals rfacetanahvalurag digtridufiens r@spengive to their
serious problemin the economcs of maritine

speeli lemeRpetat i on. Accordingly, considerable research
has been done in various ways to overcone it,

e PSR BBl Y O ) e s g

Displacement hulls sustain boat weight by buoyant lift. As designed in the past
and present, they have an upper speed limit called "hull speed," near and above which
hydrodynamic resistance (drag) grows at a high exponential rate, forexample, as in Fig.
1. The “hull speed” occurs when the length between bow and stern waves generated
by and traveling with the translating hull equals the geometric length of the hull. This
situation is expressed numerically when the ratio of boat speed in knots divided by
square root of boat length in feet equals 1.34.

Displacement hulls are very efficient well below hull speeds with weight-to-drag

ratio of over 100. At extremely low speeds, the efficiency ratio increases to much



certain speeds. Also, long slender hulls are |ess
sensitive than beany hulls, but carry |ess cargo, and
whaws/0oter probl ens, as will be revi ewed | at ePCDOS20051@01662
princi pal characteristics of displacenent hulls which
cause and determ ne their maxi mnum operational speed
highenvadlegpdecause dvag dpploaches zera mnsuejglmtrremit(ls& constant\owever,
2005/ 077745 PCT/ US2005/ 001662 exanple, "A Conparative

nearrabovel Rl edd tréir Abighttvdrag ratiky detreaseBrraprids aind becomes
Ph|||p Mandel ) and is sunmarized on the |eft side of

phys.dagu oé?ib?\of‘mﬁg Bﬁt{r%%éﬁ% dopatheRe6e, h@h\é¢ba@@d§evasﬁnacement

los of 0.8 to about “1.0 or

I b t

%"Eﬁé’ﬁagle SPgBony ) st Py e s
advaé}t,ﬁpg Igﬁlgt%gf nQEIergéQ/ eed flghugfﬁ% ggldh‘all %E)%é& of a 50 foot hull
exangl t he sl ender destroger operating at
is 9.8 aets. but fasf0fophhvb speediibisionly 28 knofhove the speed

rati os described, the required size and wei ght of

cohke ﬁlumlbameqj’dmn is intringic ohdisplgatnoehtrtutisc bpcalsesottheir wave

of propulsion at the |ower weight-to-drag ratios
gendaton®roperties pisaible§ tiarsldtbenrthasiates id., twgves Making." When the

Accordingly, there remains an urgent need for

lengt il V@Uggﬁeéﬁt@?%@fj%gtﬁ@ﬁﬁfﬁex@ééd tﬁb?%%)‘né%ﬁgl n@ﬂggftﬂé hull, as shown

east wt n therr urrent

" F.q"?:&h'e' TR b E R, DR e o

i s abl ellmnate n g of the type .
InCragsing, SPBRS t SaUERS, Enlurbien G P6 ihe WalsbPoreCBPoRy. lsading to
conventional hydrodynam c planing. 1 b. Planing Hull.
increrhental $uskage\pﬂt§1qhu1¥arw an éerease othull's argleraf attask. dhere is also
hull, called planing hull, in which weight is

the a&imltitmatl sihkbyge avifhysbelﬁmnaréaSelded tofthe canfatore ofcthe iullelow local
change (as distinct frombuoyant |lift), can overcone

watérh@é@eqﬂehhé?e%e‘bff aAgRPOPREIBK Tmpades FurtR8fspeed increase unless
furthermore that they are efficient at high speed.

very R HoWwer i difbk i BEEThE Hol Whve and enter the planing regime,

the limitations of which will be discussed later on.

The high drag due to wave-making adds to and can exceed friction drag, and is
a very serious problem in the economics of maritime transportation. Accordingly,
considerable research has been done in various ways to overcome it, unfortunately with
only minor improvements. For example, a bulbous bow may slightly decrease drag at
certain speeds. Also, long slender hulls are less sensitive than beamy hulls, but carry
less cargo, and have other problems, as will be reviewed later on.

The principal characteristics of displacement hulls which cause and determine

their maximum operational speed envelopes are available in various sources (for



boat speed, it does so only for boats with an
approxi mately flat underbody having relatively light
wowdoght77and equi pped with [ arge propul sive threct/ush®001662
limting characteristics of this hull is the presence
of dynam c drag due to nonentum change, shown in Fig.
exarbplegptAtCamparnative iy abztionadf Nowel Shipl Tgpesi' by.MIMis Professor Philip
practice, these hulls operate at angles of attack of

Mandel)@rfet ls'BMmeMZM bf theilef bideCofdFigg. 8 ahdot.f The @ipleraidRal speed
flat plate 9 WD 2005/077745 PCT/ US2005/ 001662

envegba@ b&@ereggegu ]n%ngﬂﬂqla@ossoﬂ?ﬁ Fessbbyfei ¥ or\/fhfrbr\eomaﬁc.au ships,

IS a am cC drag, act 1s

whicg\!lggfgﬂgﬁlo ﬁ\eﬂj“ﬂﬁﬁgyee(#qg)ﬂ 394' W% BQY\Q eé&‘gh\@Opes that

atro oat resi S nce

inclug “pf Spgedlfofieapmp. %yﬁ%gi%ﬁ“aﬁﬂ%#»am[ aikh gpotf 'fhu" speed”
nodern jet transport flying about 10 tinmes faster,
(for @mryptp /th@ﬁlerxd@r destyoyet aperating a4 spesgitadengthtratigl of a;hout 1.7).

"reasonabl e" | ength near, but below, hull speed. The
Abow&%penuhﬂatispdedcébacﬁltb@eemjirqa siré agdiweight cfroenestional power
exenplified by the ski boats and simlar sports craft

plant a8 HyaredyriansicrprobrMs of ppemidsion fairtheXawer aveigietltovdrag ratios
speed-to- length ratio of about 4) require a nose-high

becc%é'utn‘é@@e&’agré 1{0‘?‘&?9@ Sn%#ir{égsrﬁﬁég in displacenment

, a condition s ar to that shown for the | owest

wchifSHEl o & .rfe,jf 0Pcar ety PR, P MR G bion speed
efflcrtqq\gyp@ trlaaa%g?qjlaﬁfacglrr%gé pﬁ,s Fq% fs‘iwﬂpt@othgtrc trrrén{ gggeed limits and

conti nuous, but discontinuous as to shape and type of
prefqer@blysm a aqegkpgteh@\m those linptsarh ngactloahsglnthqmﬁeneeded especially
di sconti nuous and widely different volunetric
if it is @bld teekmirmate amaviesmakingadrhy of tlesvtypenwhich. lindits ddnusentional hulls,
the left in Figs. 3 and 4, displacenent hulls, if one

w.thbmqleuaal%eote&,tdn%ﬁféna|cwuasdymnﬂewaa{m@nal _
speed-to-1ength envel ope fromabout 0.8 to 1.8, in

which t to-drag rati o decreases snoothly from
ov lclatr9 B%&YW%EIEEI for slow

There is a widely held view that a different type of hull, called planing hull, in
which weight is supported by a hydrodynamic lift force from momentum change (as
distinct from buoyant lift), can overcome the speed !imits of displacement hulls, and
furthermore that they are efficient at high speed. Actually, while planing permits high
boat speed, it does so only for boats with an approximately flat underbody having
relatively light weight and equipped with large propulsive thrust. The limiting
characteristics of this hull is the presence of dynamic drag due to momentum change,
shown in Fig. 5 for the limiting case of inviscid planing. In practice, these hulls operate

at angles of attack of 3° to 6°. The inviscid weight-to-drag ratio for optimum flat plate



tankers) to about 25, which the correspondi ng
volunetric coefficient decreasing snoothly from about
w@oShrgher for sl ow tankers) to about 55 for PCT/US2005/001662

destroyers In contrast, on the right sides in Figs.

3 and 4, plani n% hul I's have an oper ati onal
planingezasetia-10anst 8.5 fespeetively.t he order of 3 to well above

4 (Fig. 3), but with weight-to-drag ratios of about 6-

8, WHneth visddusalrag isenided to dymahiic dragthefachlsahat gi@fing is a grossly

(Fig. 4), which is evidently nmuch higher than

meffﬁ:'iéiﬂ'h?@ﬁﬁ?ﬂbnhé‘ réSinfd)Isihceanaweet it éfaddaqrwagﬁt tateBistance is in
longer. The higher volumetric 10 WO 2005/ 745

the cPﬁE{ 6Fe 805 00 LABan GiPele lighted S{FigS Fand'd_ "3 i IBSS than half

|ng designs are not d fol nor are capab

that R{ﬁ\ qf’eﬁrg ,ﬁ?r%g&ﬁ%%gk@nqb&%gﬁ ggh%te#fag%rv\g&{l 8nl§{pﬁ? &h (or less) that

prohi bitive c ed to d| | acement I s
of af UplanameRb U Bf hEasaBblsL JRadin RoRT Biitsbelow: hull speed. The
wave- maki ng drag conponent which increases strongly
operationalspeed anweatoneef piaag ik |are pestiexemplifiad by the sl@ boats and
. an approximtely constant wetted area generating
similar spoit oraft whichtbelbwitheir piesrsg speeds (for ekarple betowv afspeed-to-
speed. These drag sources conbine into a high total

|engﬁ?<m|66<5fta&iutw)a@qu%%hs@ﬁg\ anfuED A |akyd Waseeraking drag in
whi ch was shown in Fig a result, operational

{ [ ;
d|Sp%ﬁ8rg1%ngﬁ'\ddo;%g%E%Hc{i‘ﬁ%@ﬁlg@vfa?\%gh%tshg&ﬁI gr}éy?wﬁa%gguﬁ nger hull in
ercent distribution of frictional resistance and
ve-maki ng resistance, often referred to as
resi duary resistance because it may i nclude other
i Aghoygsthe Wswma@hmsdralga%m speediigy Figs 3 qppears to be
shows that above "hull speed" of 1.34 nore than 60%
contimiuows giithtimcreasing spesdetadength ratis tthe leftard nigtkisidesdn &ig. 3 are not
I n hydrodynam c contrast, pure planing hulls, having a

contiyi6a8] bul discohtmgdlsy agotbaéhapieoam@ltgdsé ofaﬂdlsa—hdwplacement and
dynam c drag conponent dependent on a significant

planﬁﬁg—%mﬁh h‘é\/é%‘?é%é)rn‘ﬁﬂhlbw dné WIdéﬂ? rd'iffé-‘r@bt AUt E&BFicients, as is

d hopef ul ecreasing friction
clearly shown in Fig. 4. Thus, on the left in Figs. 3 and 4, displacement hulls, if one

F

includes destroyers, cover an operational speed-to-length envelope from about 0.8 to
1.8, in which the weight-to-drag ratio decreases smoothly from over 120 (higher for slow
tankers) to about 25, which the corresponding volumetric coefficient decreasing
smoothly from about 80 (higher for slow tankers) to about 55 for destroyers. In contrast,
on the right sides in Figs. 3 and 4, planing hulls have an operational speed-to-length
ratio of the order of 3 to well above 4 (Fig. 3), but with weight-to-drag ratios of about 6-
8, and with a volumetric coefficient of above 100 (Fig. 4), which is evidently much higher

than displacement hulls only because the latter are much longer. The higher volumetric
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percentage with speed, operate at speed-to-length of
order of 3.5 or nore, with low weight-to-drag ratio
w@boosher7as der of 8 or |ess, with operations atprPdDuBI005/001662
speed-to-length ratios being an inefficient transient
conditi on, which also have very poor weight-to-drag
coeffigiand reflepts thesfapthat glaningdesigns awnpetiintgnded tpnor are capable of
di spl acenent and planing hull characteristics of
sustainezhopeératibaneab ee befow fradlespeied” irhehjrdstheiriowrweighetoptirag ratio
to arrive at a single ship type capable of operating

would bé pretibitive @ofipEa a6 dipiadePiént Hulkor tunately 11 WO
2005/ 077745 PCT/ US2005/ 001662 w thout much success,

as Nssre(/f%We‘?j\’ﬁﬁ)\}ée't iis%ha‘&ﬁm%?\%uﬁhag igNGaldLh irg’g}rd#;&omponent

di spl'acement hul s ave upwardly curved
i FBASAR! 855 i} BB508 Heaf Y1 HBoT R HRAMRL IR aciitn to an
ST T S Ty T

~tends to rise with forward speed, the sem -planin _
withraguare gbspeed; Thesadragspicedapmbine inte afigittatakgxponential drag
reasons, is heavier than a pure planing hull.
growdhtriean ahdtabeve et gpead” whichuvbs shawngeRigy. 4t Astdheesult, operational
appearance of a "flat" wake at high speeds, their
spebdté-1driyt PRRIsEre GbRYit 8né FUFRbRMhERMI ShipdPdFYe\@iat below two for
dynam c forces, which is inherently inefficient.
" ybrids are | onger and have | ower volunetric
m'“%bi?@f)g'i ent conpared to those of planing hulls, but

ar e, nevert hel,.e uch_hi gher than,for _displ acenent .
e perceat SRR o tistal e e At A BHEK o rpsistance,
The borders of. the wakes of sem -planing hulls, as i

ofteg geferreddaagresidramy registance lﬁp@yﬁg itinay mgmgjq Qfhgr minor resistance
t oget her at some di stance behind the stern, generating

componeats, ismmghowhan IFigy'6.ott showswthat abeve indlhspeediiifch34 anore than
be interpreted, fromthe viewpoint of a fish trained

60% Of rRIstatheRIMee Rluads —amostlytwidle tiaRiplgadragent hul | of
| arger | ength than that of

In hydrodynamic contrast, pure planing hulls, having a dynamic lift roughly equal

to weight, and a high dynamic drag component dependent on a significant angle of
attack required for vertical equilibrium, and hopefully a decreasing friction drag
percentage with speed, operate at speed-to-length of order of 3.5 or more, with low
weight-to-drag ratio of the order of 8 or less, with operations at lower speed-to-length
ratios being an inefficient transient condition, which also have very poor weight-to-drag
ratio.

Various hybrid vessels attempting to mix displacement and planing hull
characteristics of monohulls have been proposed in the past in an attempt to arrive at

a single ship type capable of operating efficiently over speed envelope, unfortunately
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t he dynam c wat erpl ane of the operational sem -planing

hul I . The conventional sem - planing hull is an
wo n@broient hybrid: at slow speeds, it has exeeFE52085/001662
drag conpared to a good displacenment hull. It

requires very large power to reach sem -plani ng speed,
withaut mugh sticeasgi ae is teviewedbelpw.f ast and is | ess

efficient than a pure planing hull. On the other

hatel, aSeméplardag skiis- pl ani ng hul | provi des snoot her

ride for a greater payload in a rough sea, and is

oy RlikeLdivPlatBshenb ROIlSwRIcAM Ve derd!y"@M@tﬁétemé amd8u¥atures at
rougher ride than a displacenent hull, with |ess

the b Ofc%%ﬁ\pfgectﬁewmg] %h‘?{)aﬁw ke fe‘fsof ﬁfaé@]ty.swlth forward speed

comherci ally not via nost

inr BB i AT S04, PUECTASR ORI 8 0 Hoty e
und%@@%@%ﬁ%ﬂ ' g&sé%dﬁ"rgtq%lsggmﬁw@ f%?\rlséwg%éj r%ﬂg §he semirglaning hull

power boats were common in the 1910s. Later on, the
usuatiyhagm \Gehhettompeg: forpracticabaspns Hahieayiesthan a pure planing hull.
round- bottom hull, was successfully devel oped as an

Althdughothie Semni-Miing meisfoanngergeratel theadppeagdnapekal Sflatl' wake at high
the rough North Sea. However, as the |ength-beam

speeﬂseﬂféﬂrlﬁﬁ§§ehéidté’d9 as;%mmnalmcﬁ%mﬁb Eﬁéﬂ?nbﬁhlcforces which
further inCreased, the |ateral stabi I|ty and’ payl oad

is m@?ﬁaﬁﬁy Héfflc?entf %FFQ hgﬁﬁ(ﬁ 5@5189 é}}ot l#f\ieqﬁs Paun%ﬂnc coefficient

I es ono

st ahi l ength-to- beam rati f ut 30
comp%@miﬁmi%p'?a@ssﬁa'?ﬁ: SR VetfeRis TROEh Sigher, than for
knots, but its weight-to-drag ratio is _only 20,
dlsplasgrm@m Rl 13, shawn, égipewnpl@t at iddle 6h Fith 4a| rcraft
is the nodern sail plane with a wing span-to-chord
r at e bofdexs .of lthe swakespafrsenei-aningi yllls; Be-steadromtaroaefial view,
40, at 6 tinmes the speed. In the limt as the beam of

appedrdrt ahdhoinl togethied ae Bemezdistancedehitld 8@ $tentlsgercdd@idla trailing
zero, but viscous drag subsists and payl oad capacity

"hollé\g‘ggg h@é rvr\{dfédr‘ég Lﬁ*%tgeﬂn&r}lctﬁ)ggfgbﬁgf%ﬁg?%ﬂgggﬂrg Fhe ble@@glnt of a fish
trainiaéjfiﬁ hydrodynamics, as an virtual displacement hull of larger length than that of
the dynamic waterplane of the operational semi-planing hull. The conventional semi-
planing hull is an inefficient hybrid: at slow speeds, it has excessive drag compared to
a good displacement hull. It requires very large power to reach semi-planing speed, at
which regime it is not as fast and is less efficient than a pure planing hull. On the other
hand, a deep-vee semi-planing hull provides smoother ride for a greater payload in a
rough sea, and is more seaworthy than a planing hull. However, it has a rougher ride

than a displacement hull, with less favorable sea keeping characteristics, and is

commercially not viable for most large maritime applications.
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node, using conplex lateral or other additions to the
sl ender hull, to generate a hydrodynamc lift
waevporem at hi gher speeds, in order to decr eBGSEUS2005/001662
buoyant |ift conponent and its wave-nmaki ng drag, and
to conpensate other shortcom ngs of the slender hull
at 18i ghsSepsicdisplacememt ke, lateral instability
and/or a tendency for nose high attitude and its high

dr QQ %tﬁ-@o bebn rdffo ii§ hBrAsRECIH YlerffiP hQI'IsanWEGe making drag
their speed potential is |ess than planing

dec@é L:g A%Pgrotl*be{ nﬁé@ﬁ&@rs%leﬂ@é%‘spﬁaﬁeﬁ'{eﬁg BbﬁrePBB??é%é(re common

I Sfac cohsequéence

. .la Al t. hou have r f Qr nance
n thgd{%ﬁlsagl@éew@hfhg'lﬁéf mirs RehpehBaRiefad G @ round-botom
peeds” and are |l ess sensitive in pitch, thei

hull d@ﬁﬁ%@%ﬁ%ﬁﬂ%ge&%‘s@ﬁ? ag gnribeatinr YWYy ratforning V\rq"rﬁthlgh speeds
as well 13 WD 2005/077745 PCT/ US2005/ 001662 as a

in theveughs pasth Beaentipwevenas hedlengdnhearesiesdermsassofatio of semi-
Monohul I s Due I n Adverse Sea Conditions. The various

displatesserti boats dé filitiserriagicased, tHeolaterahgtability apdepdyload capacity is
responses to sea conditions, which sets crucial

furtftHddreasdd.! Inmthe ekfefleian 8—frﬁér? r&RRgesShdINreiBs ton oars for lateral
practical operations. This is an |rrportant subj ect

stab?ﬂt%r Y |ltﬁ aqeﬂgpee Ogééa‘?ﬁ £ of bHGLES0, dﬂvéé aking r?5|stance is only

i ona nve opes and I npose LET

ht 0 thles are different
5% SF i fotdlt T Micsmn B O e elasiti bes Fil By e aeegﬂxanete'v An
of the same hulls operating only for cal mwater
apprafrigtecpr@arison v @irciateisdhadgnesrrnsiaipiane: with FENERCt $RJ?§""0 -chord
in an adverse sea for displacenent and
raticcein25.dItsainaaperate athweight-to-dgiatio af 4 (, laéBriimed theespided.
unfavorabl e [|ongitudinal distribution of volune and

of |1 ligd ninfit Y aRe bR edfvsiendehhald approddrdi é@Nalaveadtg tends
per haps applicable at slower speed envel opes for ships

towﬁ%@z%?@dodt(?néadugtbr ‘éﬁﬁs:s d"géﬂeaa%ﬁﬁgﬁﬁ?mgﬁéf Accordingly,

margi ns relatfve to ropagat speed

recegﬁﬁ%gﬂlpmﬁ}?ﬁ ogﬁ%bgﬁgg Esﬁﬂ gihsgrl? éﬁ?ﬂté%ralfg ﬁa\% proposed a mixed lift

mode, using complex lateral or other additions to the slender hull, to generate a
hydrodynamic lift component at higher speeds, in order to decrease buoyant lift
component and its wave-making drag, and to compensate other shortcomings of the
slender hull at high speeds, for example, lateral instability and/or a tendency for nose
high attitude and its high drag due to lift. As is the case for semi-planing hulls, their
speed potential is less than planing hulls, and their ratio of weight-to-drag is not very
satisfactory, and in consequence, payload is not large. Although they appear to have
performance advantages over semi-planing near or above “hull speeds” and are less

sensitive in pitch, their complex shapes appear to have an inherent size limit, as well
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performance in respect to the higher speed envel opes,
i f such higher speeds were otherw se attainable with
wa@ogentzyonal di spl acenent and seni - di spl acenepeT/b81005001662
Qovi ously, a breakthrough to decrease the added drag
and wei ght penalties of displacenent-related hulls in
as adowemspeedpotehtialdesi rabl e, particularly if it does not
incur into the even worse penalties which

pl fdi ngﬁ\(ﬂ(ﬁh@ﬁﬁd?@%lét'aﬁcé'&mﬁl’kﬂfulls '[DLﬁﬁlnaNM\%@é SetPConditions.
such as their wel nown "slanm ng" in an opposing

I -k
S€fhe vhidlI8 ¢ PEeQSfMBﬁPHﬁﬁ’{rag@v{éq’ a% | Veﬁ?a[vg fO1Ent rés?)ro%es to sea

I NnCreases O an oncomn

ve are ountered rea hi n desj er Iar
condfif ifien SR BIcH|HtsiiTa A, Rl ks, i’nsm?s practical
i ncreases the structural | oads and vvel ght of the hu
operationgy,|Tnjs. i9,aM dMpRaNNYkieeh Gineesit CPC@Q%QG@S/SGMW‘ limits of
The wave-maki ng and ot her adverse drag problens of the
operatipna) speed payeppesmnshimnposerstruictivebwaigbt and power penaliies which
added resistance in a sea - are so serious that
are diffeent andi8ignifieargtiyt loafer dhars woake bbdhe casplfoedesignstdidhe same
devel opment of new nmultihulls. Although this fieldis

hulls%ﬂeﬁaﬁ’ﬁg bhIy foE Rt Ratdrhi s document on nonohulI's, a few
remarks  are in order. A pair of very narrow sl ender

AP TORYS, P 0 TP iy o sn o

dispGg¢isD %58[‘2‘%"}3?&5"39 sﬁ%@ﬁan@%@% ALY mfwﬁre/xg'.v unfavorable
The cal cul ation of their volunetric coeffl cients can
longidinral disgripyion ef vRldmerandofdhair byeyaiay reserigshwiiichiare traditional

hal f the weight but of full length. Hence, each hull
and perhags @applcdkie at slbvwenspeedenvietopesdof hips eiesigﬂealrto&limb waves
nmonohul |, but has two such hulls. Published

and wnfcﬁrﬁmbn@éumalte Ebet@malyRg repitiveso te gAation speed of ocean
catamarans are not readily available. verthel ess,

vl RGNS I0E et 1 SUBHUBRAE By R P i
perfo&&laiﬂ%gﬁrgr{gfsggét'stggtgggﬁghérag;ggedg %W\/el%g S, ﬁ"%uch gnt}éher speeds were
otherwise attainable with conventional displacement and semi-displacement hulls.
Obviously, a breakthrough to decrease the added drag and weight penalties of
displacement-related hulls in a sea is highly desirable, particularly if it does not incur
into the even worse penalties which planing-related hulls encounter in an adverse sea,
such as their well-known “slamming” in an opposing sea. Slamming occurs when quasi-
instantaneous, large increases of angle of attack relative to an oncoming wave are
encountered, reaching off-design, very large transient angles, which blunt speed and

enormously increases the structural loads and weight of the hull.

1f. Multi-Hulls.
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of 50 knots and ratios of 16 for 25 knots, but with
very small payloads relative to their overall |ength
wapdsovesal | wei ght. These wei ght/drag rati os BCBUSINNS/001662

high and are close to those of planing hulls, but are
achi eved at hi gher speeds than for conventi onal
nmofbauvavesmaking: andnethienladyerser dragr preblems afdhe various types of
simlar characteristics with some structural gains,

mondhdllé Fayewed alboveav-einchidirey addat] relsiztar cdin @yseacy- are so serious that
reserves forward, but only on the center hull. Recent

condiHbiabid tdcent 8f8Rs HaGeDeRincippliddifor Y ddvelvpiBniol REW multihulls.
[ ong di splacenent center hull to retain a | ow

-t @- : ' e | i
Al B8 75 Rl BLINAE I Es e RNEAIAIM AN, o mibRuiTE fow remarks
for roll stability, and to support a W de deck. .
are (e &g vami A penia: EREpeethet ELS SE3 sptampean. widely
has water contact only in swells, Provi di ng the usual

spageg igtersliniRlséabilitys Bave been sHacrssiidlydayelonsit and are being used at
permtting wave piercing in mddle 15 WO 2005/077745

highrpEedS20 0ari Qs 6BRMeseiat apicatipes caspesially imAisia. hliné salculation of
which rely on totally subnmerged primary displ acenent

theiif voludestriy doefficlen, can bédrdeesptivie, since thavetdredwarhedls agach with half
speed. These multihull devel opnments and ot her high

the W B bf daV friienHanes e8ack Hull KR EPhRre ¥alSrable volumetric

Speed Marine Craft) have so far been restricted

coel BBk O, BUEhe S w254 pymaton o o
desi Such_has been.speci.f

drag FAAT S ageIP Fa G IRrTtS (8 nat, AR, Svaible riNevBitheless, drag

invention of Patent Applications 08/814.418 and )
estigies1ased; on instgHed oayrercand eperatingpwelght dndicate that weight/drag
subcritical and supercritical speeds as defined
ratiagshafitiee nrdendftld atedeasige fonlarhe semiipéanieg kghtl catarinarans at speeds
shown in calmconditions. 2. Transonic Hull

of 5SERABRCARY Hiiok ©F .164BPLE kabts) sut&With déry sanll ;&ddyloédg reléve to their
n

stated earlier, to understand the nature and scope of
oveBISHTh ABFREAPELR, ThesfVSREEA 1A 48 AAHind B cose
to trlloisrg E)fsplaning hulls, but are achieved at higher speeds than for conventional
monohull displacement hulls.

Trimarans may have similar characteristics with some structural gains, and they
also have large traditional buoyancy reserves forward, but only on the center hull.
Recent multihull trends are exploring trimarans with a very long displacement center hull
to retain a low speed-to-length ratio of the center hull, with small, narrow, lateral hulls
at high speed-to-length ratio for roll stability, and to support a wide deck. Wave-piercing

multihulls may have a center body which has water contact only in swells, providing the

usual large buoyancy reserves in adverse seas, but permitting wave piercing in middle
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and potential of the transonic hull TH and its
hydrofield TH of Patent Application 08/814.418 and
w®8i08077745L7, whi ch precede the present Appli cak¢DUS1005/001662
filing date, including a review of results of tow
tank tests. 2a. Characteristics and Features of TH and
seaslH. SWATHS i=se calsvaoniudtinudisd whichhaelyngna tetallyresudederged primary
portion with a triangular waterplane shape with apex

dispfaRenrr fbrsrhbath r¢d|ﬁ@ dwith pehaiEes ¢n aefddtdreaanda®speed.

triangular profile, or nodified triangular profile in
Si
drgﬁ?é’é %Wltmtﬂlgié\@?ﬂﬁ{ﬁéﬁtg{égpgtﬁé}r agrég&g{luﬁrggvéwﬂhents (see, for

exarga%:n,éfr%t | OEI&QCF{ Sg%r a@agn%o%{ﬁl?@ rx%\}ggéo Jg‘-'r @#éh rteg?ncted to special

distribution wth a.f Qw .entr
compleiil SLmulfaARAIRaIRAs. hidtiightnatte nabe e siie Manufacturers for a
Thus, the shape of TH, and its associated hydrofield
newTrpnokultdesignt ucheins heemsereifiedfin sy Taarsaniw bydeafield TH and
sources such as shoul der, m dbody, or quarter

TransonicatHutleEHi imvphtimwioévﬁ’atehtey\dwuatims 16880420185 /40d708/814.417,
PCT/ US2005/ 001662 narrow entry forward which

| capéBI@ oRkARRerk BEeMAIOANN ¥absHTRalhs®Las6Erines) spekls ab defifgd therein,
and induces special inboard underbody flow, favoring

wﬂh%ré’Wn?}ak?HWlél'Pﬁ V\né{el? &ldig I ]smﬁﬁ ir E&m @g&'ﬁé‘ﬁé onal

ng pattern o ement and al | ows

o5 v gl Pl odtanlc BRI LA a7

a favorable anti-planing propul sive qpressure compaonent
at Apstatgd @arlialr tojerderstaiddhgmaduredHic sranenef RiepeRlnyeRtion, it is

on the sides; favorable gravitational pressure
alsogremgissatyto rewew;e.m additiop tbdhe pretiemscef: canveatiosaldrudls, the limits
underfl ow which prevents pitch up and elimnate stern

and Wwotentidinst thevieassdriie huticDMednd o6 hwyutefidlddyHesfePgientsApplication
well as that fromfollowng seas. Accordingly, a very

| 148 70t |
08/81W8t aggtéeéztéﬁﬁ 513'7' &r}T% ??g%}ﬁsélﬁ ?@%ﬁttﬁgpﬁd&tlgﬁ in filing date,

mclued ﬁgmar?g\tn'eWoforfesmtJIPseoPt%WWnWEStrs. wave- maki ng

2a. Characteristics and Features of TH and TH.

The TH is characterized in having a submerged portion with a triangular
waterplane shape with apex forward in static and in dynamic conditions, a triangular
profile, or modified triangular profile in side view with maximum draft forward and
minimum draft aft, and planar lateral surfaces at large inclination or vertical to the water.
Thus, the submerged portion has a double-wedge volume distribution with a fine narrow
entry angle in planview and a fine exit angle aft in profile view. Thus, the shape of TH,
and its associated hydrofield TH, is characterized in absence of surface wave-making

sources such as shoulder, midbody, or quarter curvatures in planview; they have a
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sources for high speed operation in calmwater within
its displacenent node, thus preventing or reducing
wo b@shigls exponential rise of wave- naki ng dr age@iusives/ 001662
,,characterizes conventional hulls near and above their
"hull speed."” As explained previously, nom nal "hull
narropesrdry fosvardashigh enininipee Huewater valume digplaaedinestusit of time, and
di vided by square root of boat length in feet. In
induicbt spepiatitibbarbenddroodg fewpfavoeing flowrsuipduttion ibhichielineinates the
drag conponent of total drag of conventional hulls

con@érﬂ%aﬁmoefmmng IpgtteANEf BisprR@enidht hufs aéndiémgf&va@w types of
i n a high exponential nanner, typlcally by pomers of

hydrtol?j al |@|FH pﬁ'fen Wé lre‘?ju 8@%‘5%@{@;&#%{3 nuﬁn’ggodytrough

ngs rou er range

T ba%@e%f/ 51%5%aapf)%?%faeg|Pé?%ta'f5§§°nf?ﬁ%l¥f'62°?93'ag el d dprsurface:

length in feet). Hence, if rinci pal .squrces
favojaliE SRAKARINGRtEATBIR@ G ssféfeaatﬁa%erawt@%w@re%ﬂegradlents

the case of TH and of TH s archetype shape of ny
on tirmbelis lowssisudface diroad stegnandeglow Waighmrexenis piteh paand eliminate
remai ni ng source of drag growmh with speed is that due

sterd Wad®, 208 e Vdre TherelcoVéy S Qihde fibyaehergy Bs maliasithat from following
bei ng noted that (a) TH has no pressure drag probl ens

seg@ét the stern since it has a clean water exit, and (b)
TH has greatly reduced formdrag, because it has no

fﬁ@égg rgtj gsg Q/eg)g rﬁ(/)gﬂé;\f fé%mrjeyof' '\qﬁr&flf $H 8% %l e@?i@d Cjn my prior

am Cc pressure

el SRS A e i cBOhE M Y1887 GE making

speed" while in the displacenment node, its total drag
SOU@egvtgr Wahmspesq opﬁéatl%kgb%]nbw@@r Wﬁhlgrjgseglsplﬁq:gment mode, thus
di spl acenent operational node is characterized in
preveatiagt or Aeducingt ithenshigB/ 8tgontiiah mise) &f8 Wavedfakingi dsag which
figures related to the supercritical and subcritical
chatiResiies toviventional Aulld medH.andTBBovetthert “‘tullfsped.” As explained

remai ns approxi mately constant for a given weight;

previously, nominal “hull speed” is 1.34 when expressed with speeds in knots divided
by square root of boat length in feet. In this speed range, for example as in Fig. 1, the
wave drag component of total drag of conventional hulls grows significantly, and hence
the total drag grows in a high exponential manner, typically by powers of the order of
three or more, depending on hull shape, beam loadings, and Froude number range
(Froude number is defined as speed in Ft./Sec. divided by the square root of gravity
acceleration times engaged water line length in feet).

Hence, if the principal sources of wave-making drag growth with speed are

removed, as is the case of TH and of TH’s archetype shape of my Patent Application

08/814.418, then TH’s principal remaining source of drag growth with speed is that due
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The water flow on the hull's sides continue as snmall
rays, and the lateral wetted surface renains
wappsoxiiat el y constant, as is shown in Figs. AGr/esmosleb1e62
of original Application 08/814,418; and The
undersurface of the hull has an approxi mately constant
to frictegaitibeing aotgiddhat (a2 tTithbas no presswatdrag poolhlans, atahd stern since
actually contributes a forward propul sive pressure

it had 8clanoRaiee BRIt and\{b)CIH has GPeutsi redut @ féred aray Ib@cause it has no
pressure conponents of the water acting on t

cuwéd@u@é&f@ sZ%ﬁ'iﬁéar‘Ptfy @ELeg%}% Ib@al?ﬁﬂvﬂﬂef' ofe él\(eréée anamhc pressure

origina I cat’i 814,418 and I1n Fig
tion. 2b. Tank Test Data of TH and TH.
alon%ﬁgvegttepégmat% / tank test of a TH archetype nodel (no

p e”g%?-.es re o\?&g%?ﬂh{% z'a:rlx f?zﬁgpefs 8&)3&? ira?c-rﬁg;/pe that near and

gi_me. whic begi ns at about the speed correspondi ng
abOV?d:tSt Rl %meqd dmﬂ%rtme diselageptens maste, dn totahdnag grows with'only the
di spl acenent hull, TH s total drag grows substantially

second pbmeofﬂmEqm\N'é‘re displapement aperationaluhode i@emna,ractekized in Patent
the speed limts of the test, during which hull"’

Applieatichs 88814 .4 183aM03MGY. 477 Hifis REUredS2nied Q@ll@@gupélr@ﬁtlcal and
no significant change, and bottom and side wetted

subcﬁ_ﬁ%&l% BeWeSF ,Hglg iroTRave no substantial change.

ag growth to the second power can only occur in

Speed ?@h%”ﬁgﬂ*?%sg@?*% refr OB SRl gt oo weioht

BRI 3!” the{fllgsﬂgl\‘,@ygeﬁgogaglté@ g§(§n?ﬁj| avys, anc?I the lateral

it's cor

wat erline Iength and this occurs at a ratio _of speed
wettgdhsuriace remamaa@pnoesmat@fy censjant, ias iseghovet inLFRs. 1@yand 14 of

way of conparison, the drag behavior of a refined
origidaﬂﬁqmliaﬁtiim%/%#aﬁ&a'nﬁ Cup O ass hull (canoe only;

no appendages) tested in sane tank at equal | ength,

gﬁgw nal"HE WRHSRUrfage Bf the Iﬂ]llsﬁaé; IE@V\é‘p_r[br’6xﬁ'hé&elygconstant negative
g substantially equal drag as th
angle of attack to the water surface, and actually contributes a forward propulsive
pressure force component, which is opposing the retarding pressure components of the
water acting on the submerged sides of TH, as is shown in Fig. 13 of original
Application 08/814,418 and in Fig. 7 of the present Application.
2b. Tank Test Data of TH and TH.
Curves from tow tank test of a TH archetype model (no appendages) are shown
in Fig. 8 of the present Application, showing that, in the supercritical regime, which
begins at about the speed corresponding to the critical hull speed of a conventional

displacement hull, TH’s total drag grows substantially with second power of speed

above “hull speed,” within the speed limits of the test, during which hull’s pitch angle
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critical "hull speed" of a conventional hull, but a
drag growt h above its "hull speed" greater than the
waementr7power and rmuch greater than TH, the | AgCr/osdobs/001662
havi ng experienced also a significant increase of
angl e of attack wt eed. The test data of Fig. 8
had 6, goaicaet ealos RRYIDRYEHaN SKiswaRed Fffacaag dbiserved to have
the TH archetype at a speed-to-length ratio of about
no substantial thapge; ﬁ“ge‘sdragaajomh o HHres6conND PPWRHICANQLY @cetr in the
about 1.75. Due to speed |imts of carriage, tests of
abseiieé wbdrdwth adf Mcdiverraaking\drag withirethay dpeéd ednfye. dthe critical speed of
speed/l ength ratio greater than about 1.8. The initial

a comeehtishaiphell éecdre whkactied léagtht betweriarthes po@d wave and its
growh of TH s total drag depends on TH s shape and

corregggﬁ&iég:]s?%ﬁgq?&fe @Q—ﬁy% B0i's V\%t@f‘ﬁﬁ@ 1&hgtAUhhd ltrﬁg,g)'bP%rrs at a ratio

ower an the 1.35 showmm in Fig. 7

of spEER TR kflots ¥ AR DA IR et dt 1. Bganvi ew of the

I thangl ng e Weight. " For exanple, a 20%
| ght reduction |gwered the starfing.s /1 ength .
S Bep T SATPaRREy 1S prasbeRpReror agiRed fematonal America's
above which drag growth follows only the second power
Cup Glass hul fcanae ordydixaprendadesstestedin sasne tankied payadaagth, beam
propul sion. Patent Application 08/ 814,417 as
and veeighi asT Hys &isbesthowmdh lrile 8, sbowing subhstantialy eqlial drag\4® TH at the
2005/ 077745 PCT/ US2005/ 001662 critical alternative
criticaNaRg speledt e d @Werﬁ?@hbﬁﬁ@ll,%uﬂé"dbﬁ]gmmt o is YRl speed”
shape of TH above water surfaces, I'ch were not

oreaiS 88 4214 ey 3R O B8ty A 1"y Vo ) havin
i.nvention, and.of the hull .shape .of the.present

expeficligt 28 a S6RERant Hiradreqt ahEE of Atalh §RsEae at & and
successfully operate in adverse seas, The review of

t Hogdept @At Rl £19- &indicadesiiat theeAC e ot has 49 Yampre drag than the

i nprovenents under the present invention will be nmade
TH aichelypeater spead-tosienptieratioed @bout $56c and 2804 owre 8rag at a speed-
Conceptual Inquiry on Conventual Hulls Leading To
to-lerfgtie satid of atysutt1. 5. Due to speed limits of carriage, tests of TH model could
not investigate hydrofields at speed/length ratio greater than about 1.8.

The initial design speed to be selected for the square speed growth of TH’s total
drag depends on TH'’s shape and on its ratio of boat weight to cube of hull length, and
can be lower than the 1.35 shown in Fig. 7, for example, by changing the angle in
planview of the sides of TH or changing the weight. For example, a 20% weight
reduction lowered the starting speed/length ratio of TH’s supercritical speed regime to
1.1, above which drag growth follows only the second power of speed.

2c. Characteristics of TH as to shapes and propulsion.

Patent Application 08/814,417 as originally filed included several drawings of
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The above review on the speed envelopes and limting
characteristics of the various types of conventi onal
whedoss7vevered in Sections 1-6 of the present PCT/US2005/001662
Application, and of the transonic hull covered its
Section 7, leads to the foll ow ng conceptual
criticBraltarhgtve $ifapdd ¢ftthé iswer Keafate df T belowwats peddhe shape of TH
3a. Considering Figs. 3 and 4, which shows that three

abo%f\xl%?eh[f%af@w&h v»%?é gt $R6WA INBBIE14006, éHdJ Jvﬁrch are important

avi ng we own hydr odynam ¢ regi mes such

in r?laﬁgl\ ?8 Qtte‘altﬁ %ﬁ?é%téﬁétﬂ:%eﬂf‘fﬂ% gr@gé‘?\t H%\Fé?\‘nBﬂ ar"ilcﬁ Bf the hull shape

eU|re 0O oOpera n Ca

B e RO S e R —

capabl e of operating in that broad speed envel ope? 3b.
in ggverse sgaswel hedgesieW of these plevioyp feafuesfe apdjbetr exiapsion and
the weight-to-drag ratios of the three types of hull
imprgyersenist under dbe pegsardtimgntioafwill bieemilde, in anlatergpest ohthe present
by segnents the total breadth of speed-to-length
spelcficafisnof Fig. 3, could be equaled with a single hull
type covering the same total broad speed range, or at

| eapt anPsRRGIES |923F.gy oﬁrod?ﬁ»eaﬁjalmewa%u;q bemegeﬁﬁhvent.on

speed range; or co the weight-to-drag r

of V‘tm@%b@i&wg@ aéée%%%?%ﬁ?ﬁﬁq %@ﬁ@‘gnewfﬁ%ﬁ'sﬂcs of the
varisl fpopiganyen @n%@rﬁl%éggéra DiasBontii-t P RppReT| Application,
I nvention, capable of operating over the broad speed

and- ahgre ¢ransenid bull coveiad ity Saationr7 .t leeds tgi theefadlawingiiconceptual
types, each optim zed in over 100 years of

inquicigs] topaeioh the present irdentiowréspondsype have penal ties
in speed and weight in an adverse sea which are

larger themsidEeng F. t3 andsaf WRIcAOs S ieatt ihrree différent types of
of hulls optimzed also for adverse seas in their

opt{n%?@gﬁ%dvv\o nﬁ?ﬁ%dhﬁ@égh%\gﬁérwgﬁ kﬁ&%dﬂ%(ﬂ%dﬁoémré 'r@&infe%r such as
dis;{)el ﬁgr]ngg %g@ﬁemégerﬁ%{? %ﬂb&) ztamf?mlg,r g?/eorle%tullrgg% opere‘a’\'e N calm water
in a speed-to-length envelope of less than 1 to greater than 5, is it possible to design
a single hull capable of operating in that broad speed envelope?

3b. If the answer to 3a is positive, would one expect that the weight-to-drag
ratios of the three types of hull types optimized separately, efficiently, and covering by
segments the total breadth of speed-to-length ratios of Fig. 3, could be equaled with a
single hull type covering the same total broad speed range, or at least approached over
principal segments of the total speed range; or could the weight-to-drag ratio of the new

hull decrease, or be improved, at least in part of the broad speed range?

3c. If the single new hull type is established, for example, as in the present
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characteristics described in 3a and/or 3b or to 3c
above, how should it be trimed and controlled, and
whyooshzt74sret hods driven and steered in a cal m BEBUSIWS/001662
in an adverse sea? The above conceptual inquiry is
anbitious, and it has been focused and investigated,
TH-{liand THdl trventioni eapalle of ppefatipgtaver the proadisperd range currently
08/ 814. 418 as a starting reference point, as reviewed
reqiieihgvtwaA or ethegendiféeéreat hufll typesc eackpoptirhizedgini overs 100 years of
3a to 3c is focused belowin nore concrete terns: 3e.

devkRphitditecaid R Aewtifieghd RaEEprhltdY iflkpREa&NdGRight in an adverse
operation of TH Pat entVbAppI ication 08;)814, 418 i% t he

seaWTiEh 38 gbr [FRRCnERiies SurforBl B i R VbR SR Rl optimized
iprovenents or, nmethods .or di scoveries need and .

alsq B BRYFEE poRs H IR ST ciFe ABEPT ERYFIoRoB e G bk Gy Paglties for the

respect to 3e, the witer first considers the

”e"‘éﬁﬁgp%ﬁsﬁ aMere i RRINAPE Aoty sliptinated “wave- maki ng dr ag
growmth with speed. There has to remain drag growth
wi t34. spdssuming \that autevetutignary inepe hulictypg adtievesethe davorable
as friction drag, which for a given hull size grows

charstedstimsidescribéd it Beandn B8 aptade abbve pesw shoklddebe trimmed and
there coul d be encountered 21 WO 2005/077745

conttEllé AR08y ARLE Atethbdfafivémbnd istedreddNa dimXe 4/d in an adverse
power pl ant” si ze requi renents, wei ght and costs which

ggccur because power is a cube function of speed

gromh, even if drag gromh of THis a second power

of eed, since r. equal.s drag tines velocity.

Vo8 8PoVE HEGeRBE dntidrh in PG ALRca ! hines B¥ea Jagysed and
~increases, because TH archetype's propul sive pressure ]
investigateds withdhe dtansanichull brlef Patenthweplication 0&8‘%-@1 8 ag a starting

is substantially constant, because the hull's wei ght
referencaupsingras r@vieyvexbbaeloant . Hence,

se

A reformulation of the conceptual inquiries of 3a to 3c is focused below in more
concrete terms:

3e. Is there an upper speed range in which practical operation of TH Patent
Application 08/814,418 'in the displacement mode encounters diminishing efficiency
returns?

3f. If 3e is the case, qualitative changes or improvements or methods or
discoveries needed and feasible for TH and TH of Application 08/814,418.

In respect to 3e, the writer first considers the supercritical regime with absence
of wave-making drag growth with speed. There has to remain drag growth with speed
of viscous origin, imperfectly referred to as friction drag, which for a given hull size

grows necessarily with the second power of speed. Hence, there could be encountered
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there is a dimnishing percentage contribution of the

propul sive pressure force -Nsinl shown in Fig. 7a,
waeovpareeds t o overal | propul sive needs, which neGL/US2005/001662

oppose a friction drag growth responding to the

second power of speed. 3g. D mnishing Benefits of
practieaklirhite duke dovduePtaepowerp ol size Véqlire3peats, waightearsd costs which

The quasi - const ant nagni tude of propul sive pressure

occlrtiexaiusopowes i a @ubéHuhstioreofpaieidegroath, ssveni if diegngréwth of TH is
for TH s overall power requirenent, which is

a selcbhd poalr & sB@é@V‘srn&\é bBw@r enasisfdrag %ﬁm@ocrﬁss une a

reasonabl e weight-to-drag ratio of 100 for 700 foot
hj
BRS04l S5ETRfn  E Bbue

archefyner ¢ RiREALSY & BraRELs @@?wé\%rrsaﬁrg@(]gogf ggé‘%?ees Qin Fig. 7a
conponent in its |ower surface -

is supstamially constants NS N g w@&taﬂ%aﬂlyp«matants Hence,

required. The total drag for the exanple above is
therevs dekiminystgng petentage-caatnibution of the propuisivecpressersstsdce -Nsin
of 1.2 4-700 = 31.75 knots. The dynam c pressure based
shown in FRyTaecsimpated B avéral prdpdliside nébds gwhigh mustppisee friction
pressure force, GPF, on wundersurface is -Nsinhi,

dragﬁ@%sur f a(%:rgjlﬁq fb thE%sectir sovlet dfspaeBegati ve of t he

o renote water. If 13 is - 4, the GPF =

e a§ rms“rﬁﬁ‘ré%% 1d FTAEE PRY Lidle ‘?’F?BQsﬁlrgggor&e With Speed

onpo pressure Porees O 51
shown | Pﬂﬁ’s %‘iﬁm Ther efore, 22 WD 2005/077745
PCT/ US2 662 the net propul sive force NPF on t he
undersurface is by definition nmuch smaller than
andhengeRsisernstant magnitudeofigopuisiverrsessurerfarge mmment of THis
t he NPF opposes 20% of total drag, i.e., 60 tons. W
a pratslenmef signifitarcedoaiipl sovdrall poweareqiireghantowhichvs tllbstrated below
speed for the TH archetype corresponds to that of an
with@Xpedfidekampiér of b el d; ABaimle)a redisatiaBleOMéight-fo-8Rlg/ratio of 100 for
a 700 foot long TH ship in displacement mode at a speed-to-length ratio of 1.2 with a
weight of 30,000 tons. According to Fig. 72, the TH hull of Application 08/814.418
experiences in this regime a propulsive pressure force component in its lower surface
-Nsin3. The high weight-to-drag ratio indicates that low total power is required.

. The total drag for the example above is evidently 30,000/100 = 300 tons
at a reference speed of 1.2 V700 = 31.75 knots. The dynamic pressure based on
remote speed is 2,879 Ib/ft>. The gross propulsive pressure force, GPF, on
undersurface is -Nsinf, according to Fig. 7a, where B is a negative of the undersurface
to remote water. If B is - 4°, the GPF = 2,097 tons, canceled in great part by opposing

rearward components of pressure forces on sides of TH shown in Fig. 7b. Therefore,
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that due to friction above "hull speed,” and that it
increases only with square of speed. This assunption

whamshoeens verified by test data ad shown in FiBCcT/852005/001662
to a speed-to- length ratio of 2, and is extrapol ated

the n%?%ﬁ%ﬁ:lgl%‘tf Fc@”*ll% Idh fHdl uc’ncfé?é‘ﬂﬂ?é@e is By eéﬁﬁiloh%lﬁch smaller than

m ne t fects of 1 ncrease of

P 77 T PG o A00Aa gl Fiachi ARHUnE th NE: BRpses 20%

thelnltlal speed to 635knots the drag woul d be

of totabdrags i g0 tONSe. . 1,200 tons, the weight-drag ratio
decreases to 50 without accounti ng for changes in
propul Veaspumesiorthisfexample &t totab deaggwwitb Withngpeed for the TH
ratio increases to 63.5 1700 = 63.5/ 26.45 = 2.40.

archeftipe comresgruisdo tigatdy anoptimuneSEhyerofield; ndmély| dratighéwth is only
However, the NPF, which renmmins a constant function

that dife 196Hetn abo¥dHilliadecaMHrR] Bht Ridce8ses oﬁlb@mmst#darew speed.
now di m ni shed from 20%to 10% of total drag T we

u
This égém?%%ﬁ?%%%ﬁ%%ﬁ% 5155k ab %?'0%"38#’@-95%99‘% f Speed-to
d rati

tength 130 ieh 1Y 4 Exiapaieteiof i el oF8 5 dfls, frarmple, in order to
92. 25/ 26,45 = 3.48. The correspondi ng renote dynam c

deterpripg 40¢ eeff@t%f snerepse raf speegnig theeralativer |nemtreaﬁe@rf propulsive
NPF becones negligi bl e percentage of the total

presgure fforiceiaretheoneightiteeftistion drag vatiqjobBiHupl e speed to 127
knots, the drag would be (127/ 31.75)2 higher, i.e.,

16 ti mwédgbele thiiisitiai speed, t8@3.5 knets, thiecdraevould be four times,
wei ght -t o-drag rat| o woul d decrease to 30,000/4, 800 =

i.e., ©260tdHs, theRe 7@}?&1@&6@5@& & 50-withott Q@coun‘!mﬁ%r changes
The 23"WD 20 /07 45 PCT/ US2005/ 001662 renpt

in pro&?ﬂjﬁ%%r&s‘f@%ﬁ h%plﬂgﬁ’ %gﬁggﬁo I%Agﬁt[‘u?rg 6%ré$§es 23 5700 =
63,5781 #5 401 ; e Foi mm@rﬁﬁ%ﬁ%@iﬁw@%@%ﬁﬁ 1S o, However,
the N%rgf tr/]v%tlcyhpr%n"?;msp gtc%rr]\tstaé\? lr:c(tzlgalo? Ove?gsr{t%%gor?sltgnt gggslggrf iatr’lgch of the
hull, is now diminished from 20% to 10% of total drag.

. If we triple the speed to 92.25 knots, the drag would go up by a factor of
(92.25/ 31.75)* = 9, reaching 2,700 tons, and the weight-drag ratio is lowered
substantially to 11.1, with a speed-to-length ratio 92.25/ 26.45 = 3.48. The
corresponding remote dynamic pressure is 25,911 Ib/ft* , and the contribution of NPF
becomes negligible percentage of the total propulsive force needed.

. If we quadruple speed to 127 knots, the drag would be (127/ 31.75)?
higher, i.e., 16 times higher, yielding 4,800 tons, and the weight-to-drag ratio would

decrease to 30,000/4,800 = 6.25 at a speed-to-length ratio of 127/ V700 = 4.80. The
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of the conceptual inquiry of 3a and 3e of the present
application: 3h. The friction drag termD for the
wowloght7ao-total -drag rati o at hi gher speed- tpet/esmn$oo1662
rati o reaches very high val ues under enornous renote
dynam c pressure . The viscous drag Df is governed
rembie tipearaipuaressorells rowKe6(54 Ib/ft?\and the\pescemtite NEFaca#ribution is
Cf is a viscous coefficient dependent on Reynol ds
virtiigere. and K is a factor to account for formdrag
and pressure drag. At speeds-to-length ratios of the
Or e ghﬁ\/é?gbgly%é&urperﬁﬁtgefhé”c%lgfmﬁ'x%ﬂgn Bf‘ltlhesrg@f?g\gng limiting

t he wei ght ratio of the assunmed TH arch
decr eases d ul e as W t hat,. of L, ani .
chaffie s dhe Tof S DEDAsS! PR LERRIRITLAGE]s ZYe Gpswering part
The propul sive pressure for on the | ower surface of
of thg-congRiual '§qu'ﬂhﬁg?'@ and qenOftc‘E@ RIeSPMtARAIERIOMDde near
"hul | speed"” and necessarily a function of the _
appdr ent Theeirigion gragierad fartiee wieightdo-teteé-dragyatiowat higher speed-
angle (3 of TH s |lower surface, becones |less and |ess

to-lerigihirdtic seEchas veey hightvadeesofinderteriormoap ubsiote dyhamsd pressure q.
needed to overcone drag as speed increases, since the

TheWiscidsdrelg T is Jdiethed BY Bhe bhliatidn DHS KC.HNGh WHIEh A is wetted area,
continues to grow wth the square of speed at constant

C, 9% sEGudEs ici.e%&éﬁ@r‘?decrn%ﬂ%@yr@dé"ﬁﬁrﬂ%r,‘@nﬁr}( n%ga:fa%tor to account

even consi dering apparent welg I NCreases u

ubdpction flows at high dynam c, pressure, d
for BHBAIAG ABSATo N e B L PO T IO AHsrf it grder of two to four
. forces, are obviously not as sicgni ficant. 3j. The
times nghet than ‘hubwpeedy dhe weighitte-drag gagio pf the assymedidHarchetype
Patent Application 08/814.418 - consequent of the
decremgesiand could be af law aadhatalf atfianing lhiullsabas 8wl less for the example
2005/ 077745 PCT/ US2005/ 001662 wundersurface, has the
anaBee@ntial of increasing the apparent weight of the
hul | and increasing propul sive pressure force

COMPONERtS, g%@/@ﬁﬁﬂ%%ﬁ% Toheth\@e[dg@ Qirfste 8F TH, which is

sides of th I's unfavorab
important in the displacement mode near “hull speed” and necessarily a function of the

apparent weight of TH and the sine of the negative angle B of TH's lower surface,
becomes less and less significant as percentage of total propulsive thrust needed to
overcome drag as speed increases, since the viscous drag, which total thrust must
overcome, continues to grow with the square of speed at constant wetted area,
whereas changes of weight with speed, even considering apparent weight increases
under subduction flows at high dynamic pressure, and therefore of net propulsive
underbody pressure forces, are obviously not as significant.

3j. The subduction flows — for example, flows f in Fig. 14c of Patent

Application 08/814.418 — consequent of the negative angle of attack of the hull's
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3k. Benefits of TH Wth D m nishing Percentile
Propul sive Pressure Force. Notw thstanding the
walRovsnTsis ng percent of propul sive pressure foPCEUSZD$001662
i ncreasi ng speed, reviewed under- above, if it were
possi ble to reach high speeds for .TH under a
undersipiates Mast theppetentinh of draseasihg ehpcampareahveigistt ofath@ hull and
wei ght, it would have the very inportant benefit that

incr84§iRg ipfop NSiveRIréddurk SordeadnionErty\@ R waldPmcPSase the wetted area
unf avorabl e at high speeds as that of a planing hull,

of sitds ditht keI PARKY RHoPapiBas @ very favor abl e
werght-tTo-drag ratio at Tower speeds, including the
"hyll speed:..ra ; . Al.so. bro eed envel ope
w B compneds & B Dietifoghateaiie FBRI IR EriRie Force.
a single TH hull instead of two or %hree types of )
co fthetandinguthes dimpishing RereenhehRiopBIsiMeoPreRsiuge force with
adequate for the TH case, and behavior in an adverse
increasing spegd asliewestiundgummeabpvef if Reaie possibledorieagh high speeds for
I nquiries Above. The answer to the conceptual inquiry

TH ohdé&es dispiaceneérst, myés withireasorsiltsle powarplaatreostsantewdight, it would
in TH and TH of Application 08/814.418 to overcone

havB"tAB@Rp imPBrtéﬁ‘Fbén%ﬁtrtEab/é\?&Piﬁhér\ﬁ&gm-fdldﬁa@e@ﬂTH were to be as
(causing dimnishing results of propul sive "pressure

r { Se i ty OoTLNANE P
eS8 SRS e Ao L BRREE N ACTH Gyl s ver
effect 0o dverse seas. The solutions to the ” )
favGiabie waidnt K HA R SHOREE TPSans inehidiod S TiGspass fange: and

attained theoretically and experinmentally and is

cover ed Al50,t A droad GpERgserrRiorRsMIMN Remparafle teficiencies could be

present invention described in the follow ng section.
attathabld jwetht a \sirsgle fTHPhedlenstebdvafrinicoor titée \WpeD 06 comvartonal hulls,

PCT/ US2005/ 001662 The objectives of the TH 11 and

pro?fﬂ’%dgrmc%\é’fg%dgﬁﬂ)ilgﬁfd? ?ggg?etgaﬁgﬁﬁwacbasb, anéGehivion in @h adverse
sea acceptable.

3l. Summary of Results of Conceptual Inquiries Above.

The answer to the conceptual inquiry of section 3e is, yes, there are
improvements needed in TH and TH of Application 08/814.418 to overcome problems
of increasing viscous drag with speed (causing diminishing results of propulsive
pressure force components. And in respect to inquiry 3d, the answer is also yes, in
respect to trim, control, and effect of adverse seas. The solutions to these problems,
though difficult in the extreme, has been attained theoretically and experimentally and
is covered by the teachings and embodiments of the present invention described in the

following section.

4. Objectives of Present Invention
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4a. Establish new hydrodynam ¢ conditions and speed
regines for THin which weight-to-drag ratio for
WO niseaFung speed-to-length rati o beyond 2 haveCT/UuS2005/001662

i nproved efficiency. 4b. Achieve objective 5a in a
manner that does not deteriorate the favorable
r eEhe: bbjeativesmofithadir-t\and Tl imentinaefollgys ione titel meed of a solution
08/ 814, 418 at speed-to-length ratio below 2. 4c.

of thewohegpral inquires, Aathélp extend the speed regines of
operation of a single transonic hull THI11, as may be

neggled piiah|isPeeWahyditRpRamid @BhYkiBAs RRIVEF&SH regimes for TH in
propul si ve neans, anhd various design devices, to
whlcﬁ%egéhtﬁt‘énfa rr'%p l??/t‘f(r?g)t& ﬂﬂr{é‘%ﬁéﬁ%ﬁéggﬁ%rl]e@g P%t}@%geygjﬁﬁ%e?have improved
. conventional hulls; for exanple, the speed-to-length
efficielfife of a conventional efficient displacement hull
under 1.35 plus that of a conventional planing hull
ab¥¥e 3Achigve pbigictive Span arapnrerdhptdess/pat dpferignateyihe favorable
5¢c in a manner and with design characteristics that
resulle alreadylackieved &rel H nndeelpplication G818 &4 .44 8t speadito-length ratio
nore than, and preferably |ess than, conventional
belowd.| s. 4e. Achieves nost or all objectives above in a
TH 11 configuration that is stealthy in respect to

ragar angnsd nt?@’%'oé‘ﬁd Bt QR tHd ggéggj' r@%ﬁnéi‘ﬁf B%Qﬁion of a

obj ectives, oOr a conbination of the eCtives,

singtanRaaL THFA s AR B oed R Ui 5o | s RptBrR bowerec

neuvers of TH- 11 under varjous, sea conditions, -
PVOPHE"&‘{%@FRQS: 2 waus;desion deViges o CQV@ra‘@ﬁ*i‘ 8GeCRIAblg ¢fficiency, a
weat her operational capability. 5. Substance and
broagegpgiedsranget nnrilg seauiringuaate than ong tyae eboenvertinaal hulls; for
PCT/ US2005/ 001662 I n order to specify the new speed
examplei thespsleidcto-lengibrdagd bf Aydneéntidngl efficiErit tisplacement hull under
1.35 plus that of a conventional planing hull above 3.
4d. Achieve favorable objectives 5a, 5b and 5¢ in a manner and with design
characteristics that do not deteriorate in presence of adverse seas any more than, and
preferably less than, conventional hulls.
4e. Achieves most or all objectives above in a TH-Il configuration that is
stealthy in respect to radar and other sensing methods.
4f, Achieve the above objectives, or a combination of these objectives, with
hull shapes, trim features, control devices, and power arrangements that permit
favorable operation and maneuvers of TH-Il under various sea conditions, including

adverse seas and winds, to achieve an all weather operational capability.

5. Substance and Details of the Present Invention.
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and the innovative inprovenents, refinenents, and

certain crucial characteristics of TH 11, which have
whems/oteyel oped by R&D work of this witer, theCEUS®05001662

first reviewed the hydrodynam cs and speed regi nes of

TH of Application 08/ 814,418 shown in Figs. 10 and 11

ofin braerfo specify thepiave speathregimnes iwhichhextende & Htiydrbfield to TH-I,

former application: 5a. Review of Supercritical Regine

and tHé Irtiovafivé ifiTblemienty) rétipleiehtsd, bBdd cBitath draciahéharacteristics of TH-
preferred hydrodynam c design condition of the

I, wrﬁabﬂsw%@ehf ,Evﬁ%{wwoﬂk gf frig m&e@hé@ s8Rt feviewed the
ove

rati o near an speed under Application

ryergfr s éﬁvngédmwﬁ?e%ﬁofﬁﬁmga@c%ﬂgg GBI i 10
and £ Bt earesned Aeeliasdh; wifRohe S5an e e ensliestion
but it includes nolecular agitation because of

f Bact | GReview|obwupeecriticab Regine withisy THiARafsaoR §848 14.418.

the stern. Nevertheless, region 1 continues to expand
i T has isrihe pecfemgd Hydrmiysmandé design lcogditipn of thecsuboneriged transonic
steady nonentum indicative of successful anti-wave

hydr@ﬂéwl 6k Isﬁeea% - emgthntdtopreA0 BB NESoveS hulldpeBdeuhd@WApplication
due to the principal volune displaced by the

| | i
08/8{ ang! g dlfta Sur?ﬁ;ﬁgée ﬁce A SRGVR 3 FYegaer 1f099trfé”s§ﬁac‘,ééng&m on the

e nnima feration appearing as

t hree-di pengipnal .ra n .
wak%ﬁeﬁfw SBPECIELRY SRbAR B e o8l EP%nasﬁlnstF?@gﬂmlsega' sense
ut 9. This has been observed in tow tank tes% up to,_ . .
in th%;ﬁ%@@“tacﬂ- of thegstern.aRytdt sicludes molacuiisagitationk bepalse of friction
[imt. 5b. Review of Subcritical Reginme Wthin Scope
belowfthe@ppidecsurfane oB/TétLemerging afhiof teestern: egNeeeitiselsaswregion 1
in Figure 11, in which surface flow fields of TH are
continpes ayi exdaridy i | aturigue agaynbédaudaubof it dighly f dicectional steady
viscosity forces, relative to nonmentum content of

momteh&veh hdiedhed bt ét%bs%%ﬁ*ﬁ-wdvb@ubau&m o dpanRig Péi‘f@ﬁnance of

he wake at 11 to a hic arch type with af

T Ei“&nd@w e tRi'*é%%@%%M%ﬁ%&%%@%B@%%@ﬂg TH emerges

principally in region 1, with the minimal surface alteration appearing as left and right
three-dimensional rays 3 and 5, having the minimal elevation shown by hump 7 at
downstream wake cut 9. This has been observed in tow tank tests up to speed-to-
length ratio of 2, which was a tank speed limit.

5b. Review of Subcritical Regime Within Scope of Application 08/814,418.

This speed regime is shown in Figure 11, in which surface flow fields of TH are
approximately flatin region 11. But undersurface viscosity forces, relative to momentum
content of flow at subcritical speeds, limits the shape and area of the wake at 11 to a

gothic arch type with aft border 11. Rays 13 and 15 have larger humps. Downstream
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of flat wake 11, there is sone eddy and hunp
formations 17 and a central hunp 21. In this

wGepsori7es cal reginme, there nmay be in sone caseGI/USAGS/001662
growh with speed higher than second power of speed,
because of the eddi es and el evati ons, even though for

of flaiwaker 1, dherenis sonaen eddy saddiumm fovmationsr1Aabda eenteal hump 21.
of the type of conventional displacenent hulls. In

In thistshibtdiRicaliegire] thee@maatse mudtomé chs@s drarpgdivth iWith speed higher
undersurface of THin Application 08/814,418 is at a

tha® %Qééﬁ@gbfi\)er 3 gﬁééd St Hlse 6f9hf '%%df&”é“c? efé\@%ﬁé‘ %ven though for

experi e S gnl I cant propul sive force.

L N R T —

’ﬁ % ond the supercrltl cal range tested, new tests were

displaceragat§ yond speed/length ratio of 2 to verify the
theoretical view that the underbody angle of TH _
shdl kpthethgoséparettieal anshsybchticahspesdsnthe andeesuglace of TH in
negati ve angle to the surface, towards a nuch smaller

Appliegton \08/81y#a8iia atr desubistantipd megatiee aangdevto the remote flow and
hydr odynam c characteristics in which, at constant

expéBeaté a dignifieant prepealsiveabrs esti mat ed that the
| ateral wetted surface of TH shoul d be greatly

decs" asqfleydlo rhenpaﬁﬁgﬁ?%r.@éaméb%@%?fm i a9y THI

sub ucti on. I's woul to a nore ficient,

0 Ry aB PLNaPENRKREnl T S AR GBRETER ARde estea

decreased | ateral wetted ar t he fol )
nevhir$iOWEES BeCRRPARPEYOR ﬁ%%ﬁde/%'ﬂsﬁh EPéPsOfJ Zﬁod‘ff‘gﬁ&”tﬁtheoret'ca' view
quarter curvatures; Lack of lateral outward flow and
thatstheatyndarhedyé angle ot &t skould Dergeveraeti tovaiange: fiomeits initial large
and i nproved hydrodynam c characteristics in the tow
negating  arigledo nige clifazeditowaridsha myugte somiieagegative angle in order to
propul sive underbody pressure force, for a

gener8tBi & Ifed hydrdgAanfe d%?ébtél’“ &Bs’ PoWRRG | At @rdtarteléRHt, it was
surface, resulting in a higher weight-to-drag ratios

nevbltABIERE NEMh SR HatSitee il WO suffice of TH should be greatly

decreased in the presence of a decreased flow subduction. This would lead to a more
efficient, different 3-D flow behavior with increasing speeds and dynamic pressures,
since there was retained, with a decreased lateral wetted area, the following:

. A hydrofield and hull without shoulders, midbody or quarter curvatures;

. Lack of lateral outward flow and spray.

These characteristics were achieved with new and improved hydrodynamic
characteristics in the tow tank, trading off a diminishing percentage of propulsive
underbody pressure force, for a significantly reduced drag from reduced lateral wetted

surface, resulting in a higher weight-to-drag ratios than otherwise for speed-to-length
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WD 2005/ 077745 PCT/ US2005/ 001662 ratios beyond 2 and
of the order of 3. This special different regine is
w@adosear7aiypercritical to mark the fact in thapCct/@$2009001662
dynamic lift is possible since the undersurface of TH
remains at a greatly reduced but still negative angl e,
ratiobubeydnd 2nanér ot e ssdeéhef 3.ocThissspedalc dffesentofegime is called
| ateral wetted surface. The regime is uniquely

hyperéfiticdl et nfd tHe dadtr irl iteat (AL ABUEgnAMIIlGUR PbEsiBId %ince the
of the special triangular planform of TH, and its

undﬁ&@ﬁéé@ f UGS EnfRifS Gt aogréat@hré’ddc‘éu%lﬁé | A géﬁ%eahgfe but (b)

her ynam C pressur ercritica

neve ell_gs%‘%h%%sgéctfgg %éj\?g Iét%fﬁ%@lte?:sgg%t an ag %ag g?éng uniquely
and TH |

efficiagkante R EALTERS WS BUONE RIRBSRY B ite Specialtnianpyiar planform
t he under body governed to attain a very small and

of Ty ianddits pfie.t Ynderefigat ofthigher le@etertqwa.cf@gge phe\iighes dynamic
significant dynamc |ift due to the very the high

pressyreainihyppraiical egiraet aswilbbe desenibed @atereomiet gredter detail with aid
planform i.e., a low planform | oading, there resulted

of Fig. 18ourth hydrodynam c condition and speed regine,
whi ch neverthel ess has a substantial decrease of

mé.ﬁedelgéggbpg‘@nt bithe ?Wspﬁaﬂar ||‘% fBE:i; lﬁ'l"’ahb T

conpar hypercr|
| S peWARBLERR! s phetd %t@ﬁéuryﬁfﬁé %%??@ﬁ’%%@ﬁ]éw&efc“t'ca'
he transonic hull; that is, the flowdirection_ d

with mﬁ ugeRErosyeavREned daGiRitaA )y Stiaeans £t m,smvsaangle which
of planing, which are shown in Fig. 14f. Sunmari zi ng,

nevartheledsprovides signifR@bt dynamigriiftshvedolting very thébigh dynamic pressure
operational regines, which in Patent Application

actingSom ddieh) fargerwetesd phinferhed.el 0a tow larfolmoading thersl resulted a
supercritical cases, are now extended and specified to

fourtﬂlﬁgﬁ rJlTyg\%?r'ilc §8ﬁ@iﬂoﬁ andepeed F@g{lﬁt@ WHRSN fdviettheflss®ad a substantial

anar, which have wel o-drag ratios

decréﬁg%t ?%%tgécjo}’erlgﬁ Cas§\18¥v8t) ﬁﬁrfagg Oo;fqgg /‘gﬁ Ai ﬁ?g Q&WBEred to the

hypercritical case. | call this regime “transplanar” in that it retains some lateral in-flow
characteristic of the supercritical regime of the transonic hull; that is, the flow direction
does not generate the predominantly outward flows typical of planing, which are shown
in Fig. 14f.

Summarizing, in this writer's R&D on transonic hulls, the operational regimes,
which in Patent Application 08/814,418 were established to cover subcritical and
supercritical cases, are now extended and specified to much higher speed ranges,
named hypercritical and transplanar, which have weight-to-drag ratios substantially

more favorable and require less power than would be the case if the TH of 08/814,418
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29 WO 2005/ 077745 PCT/ US2005/ 001662 were powered to
achi eve, in the displacenent node, the sane
wGepmedrirength rati o range. 5e. The Supercritip@i/Uus2005/001662
Regine as a Preanble to Hypercritical Case. Fig. 12a
shows, by way of referral, the hydrostatic (V/dL=0,
wersapewplaethto ad¢hievepire tren disiplacenoéntam®deh fve sgme speed/length ratio
| engt h/ beam rati o of 4.25 (beam not shown), and stern
randeaft 23 with a draft-to-beamrati o of approxi mately
.015 for a weight/length ratio (tons/[length in

f eedd 100150 @fugbﬂ?riti%épR%?mgga %gmms % Wp%?@rgicaﬁéagﬁ

negati ve angl R esta Ing a draft at 't he bow nu

hultE dpdcthl i wRl Brdptmth e o SEE VTRl Bterprane 24
repF SNt ENG 4 TGS BPONBEPD el T 45 REATRhaRgAnY. and sterm

stern draft 25 is zero, the undersurface angle R and
draffy 23 twith apdaftde-begsn Iratie of @ppraxiglately hlilador a weight/length ratio
substanti ally unchanged, but propul sive pressure 27 is
(torss/pengthdarfeet/ T0G° obtheesndentth 6. Jinef adere@rfatehas a negative angle
hydrofield is shown already in Fig. 10. 5f.

B eSedushingal dift Atfthé fbai mlichllargee eyarpatthtstein. FI ow in

Hypercritical Regime To increase speed beyond
sp " “ i Al :
C e B a Lo e e hE RS i} R 3bect to remote
.5t nd. | £ ] Ift -t .
waR bt CS T HIRSubEich R SRR B Se IR ey R b otice that
the hydrostatic (V/dL=0) draft 29 with a
a'tWﬁJMEéFﬁrPéﬁ' ?égg‘f's #6tuthe up ?r%ﬁalcﬁ angie.Pandgiraft at bow as
deep draft at the bow. However, in the dynamc
welt @adladkoanglelfemains subgtantiayndnechangest, tout girapulsietpressure 27 is
the stern's wake becones substantially zero in Fig.

sigdifibantasThencérirgspchdiing & indacendetheltyidrofieldig klrowa already in Fig. 10.
reduced to R in Fig. 13b, substantially smaller than

Q igf Fi agpddficatidn of"%r? THIR B¥dy\dhd TRAD FﬁﬁPfrPﬁgBer%ﬂﬁ@al Regime
This change of angle of attack’is not predictable wth

a g?éﬁvgfc'?é’%seezgkgéséeodt‘;@edﬁgiv Shella/BnG4RB!dr ) Blis Whtdr th8Bifized that the
higher momentum content of the wake of TH-Il permitted and justified a rearward shift
of the center of gravity, shown in Fig. 13a as an increase in the hydrostatic (VA L=0)
draft 29 with a draft-to-beam ratio of about 0.02, still retaining a deep draft at the bow.
However, in the dynamic condition, while the hydrodynamic draft relative to the stern’s
wake becomes substantially zero in Fig. 13b, as in Fig. 12b, the undersurface angle is
reduced to B' in Fig. 13b, substantially smaller than B in Fig. 12b. B’, while negative,
can approach zero. This change of angle of attack is not predictable with a bow and

shoulder wave of a conventional hull (see Fig. 2), because there is no shoulder wave

on TH-II, and its bow wave is minimal. The small angle B reduces the total propulsive
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on TH11, and its bow wave is mnimal. The small angle
R reduces the total propulsive 30 WO 2005/077745
wEFabsB2@05/ 001662 force, but it was confir mEBCT/OSIV@51001662
nodel tests that it reduces also the viscous or
friction drag on the sides of TH While the surface
force [imet ## measoe ndifmed én newmasgeltesta dhdtlitreduegpalsodble siscous or friction
Fig. 10, it has different three-dinmensional flow field

dragCOnmpeeides BNTEN VWiilkntie S@fdc appesarancelafrthector Pﬁﬂdlng flow
surface conponent of the hull has positive angle o

appédreads iMiF f(ﬁ?tﬁﬂé%édlff@ ShreB ik Rnklondl fIéWtfleId components which

neverthel ess re evvette arealnthe

cannili e defu IHATTR: aRnsteUsbosddin s ﬁf%ﬁﬁas pogitive angle of
attaqqth\gPl aced r@nt%edpn%%%@; d | n\@lﬁ%e ect to 3 &ﬁ\yet?eéJ Xrea in the

decr eased subduction, and a decrease of propuIS|ve
sidep af Sy d Meoattainmert eiithisi ganditierarin wieick Mysrestati;m weight must be
surface orwake of the hydrofield. The newregine is
substantially"dgyaétocdisplacad watem @ alteredin egspedt woi Eig. 12b by the reduction
propul sive thrust approximately parallel and bel ow

of aﬁd&eﬁf\ﬂé@ﬁvau@f@gﬂe@ﬂzmer@%eursuwg@u@m arid Bdetrease of propulsive
provi de nose up pitch up couple with respect to

presggk 1’81'7%0 Wt%ﬁﬂn@d’n‘?ﬁéﬁerﬁ@at &Hﬂr it E?b?%&kgoﬁth%]d§%field. The

ternate ine Is Incl
ward as

in prop. sha can
new; E%ge@eemam% ABpeetonbs aid, ¥4y et uh F%fropups%e thrust
i f ht -t o- dragratlo were 75, drag
appr@élnvet¢é/ aRl] deatPﬁ;]P\é’ the gedergyifpee decaipd a%qlrhprcm fshaft 33 to
force of 0.0024W The specifications for Fig. 13b
provifief fr@se tipopitemdig ouplsr ovithd respedctsieediH-tle Hrag withh arm 37 of
as follows: |arge change of angle of undersurface from

approfinatef3).5 unitsd0 PO7P UDRA)I Altephatedpvif tHrust ling ivimclined upward as
approximately length 26 to a much smaller value 38; a

in préldl%ﬁbﬁr%' ﬁ'cah?ﬁH\‘ﬁHé%ﬂlftnﬁ]fdré‘é 8gahl t%ﬁ%ﬂtlﬁ%@%l@‘@f aHgle 39. For

propu SIve pressure on e undersurface, an increase

exarfe, WORGHEIPLRR iy B ADHBAWELAYY 0075 Uhd B angie at 39

an a cent gr avi conbi

W°“@}ft&§eﬁ|'er£%?ﬂ[}peffrgf@o&v\} hrust line in this case from

The specifications for Fig. 13b differs from and is improved in respect to Fig. 12b
as follows: large change of angle of undersurface from § to B'; a large reduction of bow
draft from approximately length 26 to a much smaller value 38; a substantial reduction
of lateral wetted area and of propulsive pressure on the undersurface, an increase of
dynamic pressures and momentum content on the wake, and an aft shift of center of
gravity, combined with certain effects of thrust line in this case from propeller but could
be water jets as well. The complex combined action of the changes above produce the

hypercritical regime and results in greatly improved weight-to-drag ratio for speed/length
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be water jets as well. The conpl ex conbi ned acti on of
t he changes above produce the hypercritical regine
weanmsoezsw ts in greatly inproved wei ght -t o- dr aCT/852005/001662
_ for speed/length 31 WO 2005/ 077745 PCT/ US2005/ 001662
ratio of order of 3, or nore, that is, in the range
ratiaisfuaridey ofi8 sogmede,ttbat iar ipehevapgd astially assigneptalarger vee-bottom
boats. Notice, however, that the performance in the
semipReTiSg bbaeal Notee, ﬁbwebés tiatithée peeforraaned i thierHypeecritical regime
appearance of the wake of Fi g 10, but TH 11 now

has ABEY4ited the sh'?‘f"a%g aﬁﬁgbfﬂ?ﬁe o?gﬁlfﬁvhké fiFig 10, but TH-Il now operates

sup ercritical percrltl preven S a Wwa

e OB RS B8 9, B BB pyov i

onfi ation because its flat sides are
a&g;g&%qrﬁllyocf @ﬁ%\%ﬁ‘i}l%\‘ fack-d- body, and quarter curvatures
whi ch are usual wave-maki ng sources, and because the
maXheuabewe descriotion iof Big. atinds tRasibleefar anddunique to the TH
therefore collects the entire underbody nmonentum fl ows
configutatios diewagss itst flathsideatarexdevoidiof shioulden; giid+omdynaac quarter
content which continues to prevent transverse stern

curvsyres WHichaieisuafwale thnaling 8otifces, amd besaess thendkighum beam of
13b is the limt of center of graV|ty shift to the

TH %%race?ﬂ eLstebn, W th@réTSFé cchl‘ébﬁ@ thERSHiFE Lh4ER S?Wﬁ’omentum flows

rcritica reglnes Wong choice can pro

e GOS0 208 I AL BB e o

unst abl e and divergent. The CG |ocation for Fig. 13b
prewe@@lLr,a,ngerggrstt%rnnwwq?,quglatlpgv, ewed | ater on. 5g.
Specification of TH Body and Flow i n Transpl anar
Re i werdiafrcantion in egspectria Fig. 13nisrihe et feentan af gravity shift to the
further increased beyond the hypercritical reginme of
reartbince iflBés t@meattbioﬂebypmviﬂdfad@miyypmtmﬁcammmes. Wrong choice
t heori zed, named herein "transplanar” in that it

cangpgrﬁg%c?oaﬁ t%ﬁl%eﬂ%!ﬁy‘t ibtrﬁéeélft-i%fﬁfgeﬁg%i%rglc)s%ﬂﬁ@h§ sirhfldr to an aircraft
“phugoid” mode, which can become unstable and divergent. The CG location for Fig.
13b requires certain limits, reviewed later on.

5g. Specification of TH Body and Flow in Transplanar Regime for TH-Il and

TH-II

When speed of TH is further increased beyond the hypercritical regime of Fig.
13b, an entirely new hydrodynamics was theorized, named herein “transplanar” in that
it permits a uniquely efficient partial dynamic lift condition without the type of outward
lateral flow which penalizes conventional semi-planing or July 3, 2000 planing, while

retaining the transonic hull features which also yield and permit supercritical, and

hypercritical regimes. The hydrodynamics and hull conditions are described with the
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| ateral flow which penalizes conventional sem -planing
or July 3, 2000 planing, while retaining the
wo pasmortgc hul | features which al so yield and per/ns1005/001662
supercritical, and hypercritical reginmes. The
hydr odynam cs and hull conditions are described wth
aid d¢ftfeig. 32, BefeR0GesLribitbFRCTAURERe LM GlevRvaisimatieFofgonventional
14. Before describing Fig. 14, however, a reviewis

pIanI‘ﬂ@FBoEf dESIGM STt ddEHcedPdeyiy r‘i‘gfob%%angﬂé' fHat Of FQQV@HP% that the

design, for exanple that of Fig so that the

qualgémé Hﬂfe'r(\-.‘ f)f %L&ﬂﬁﬁ?plgﬁart Fb?gphreaéhﬁpb@r?ﬁ &Gt E‘.%ﬂgentlonal

precil a nvent'l onal ['ani n aracter
hul | bel owt he pl ani ng speed

fo
planas%'ﬁfhﬂ%ﬂ‘ﬁgnéﬁ%sﬁ?&'oﬁ%’ea3| ng angle of attack due to

| arge bow and shoul der wa as shown on t‘Eottom
Fiy. 2. ARgnipggulhBgiovsthg '%8%%%‘“5%?% BIsierauineEgasing angle
and there is sufficient power, the planing boat

of attackndiee tovlarge bowraw shelldanwaves asshowaren battenwofifie. 2.
planing regine of Fig. 14f. Qutward flow 41 in Fig.

14% wi t fthebeats ursierieydy Fassuitabkesyrtares antl theretis sufficient power,
requi renent by noment um change of conventional planing

the ;ﬁﬁﬁiﬁg%oat Mimbe®™veP [t BbAaRS SoulileSRaVEaRg efters thdpRning regime
in contact with water provides lift with m ninum

of Fi t];hed area, resulting in high area |oading, a
uoti'ent made by dividing boat weight Wby planing

area Ap Rel afive h | e of . attack

caioed” Byngs owALinab . e Gt S speay iomnsnimauence of it

drag conponent due to lift, as was expl ai ned al ready
requjementthy mapemengdmmghgngs of csﬁuemtlcmaém annagsbarey, 43,

conpared to overall area of hull's planform 43 + 45,

r esul t sMimintal garihganead\p shxalen ias 43 iraéfigerisid is eantact with water

area 45, causing high pitch oscillations, anplified
provided [# @h Mihima wetRdedrederediutgdh high area loading, a quotient made
by dividing boat weight W by planing area Ap.

. Relatively high planing angle of attack caused by small area Ap; results
in high momentum drag component due to lift, as was explained already with the aid
of Fig. 5.

. Small planing area Ap, 43, compared to overall area of hull's planform 43
+ 45, resuits in high slamming loads in an adverse sea on area 45, causing high pitch
oscillations, amplified by large hull volume above area 45.

. High beam loading at stern, a quotient obtained by dividing weight W by
beam 47, results in a deep wake and high angle of attack.

. A disturbed wake comprising, in cross-section view, hollows 49 and

protrusions 51, are symptoms of high momentum drag in addition to lateral flow losses.
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Hi gh beam | oadi ng at stern, a quotient obtained by
di viding weight Wby beam 47, results in a deep wake
wanwshrgls angl e of attack. A disturbed wake PCT/US2005/001662
conprising, in cross-section view, hollows 49 and
protrusions 51, are synptons of high nmomentumdrag in
addi t i orA wakeaplantdrmf thaty Unlsse distud@dviey poarslier sligstream, has a
PCT/ US2005/ 001662 A wake planformthat, unless
holldwathith @dullly foeeetbwhséamf titasterh dstha lafgd hawpvds, alsymptom
usual Iy cl oses downstream of the stern with a | arge
Ofdg?]@r_p 53, a synptom of drag. As explained earlier,
the | arge area portion 45 and associ ated volune above
t,, whiclw | ] r .
engaged 1 SRR Sanfet g Borde FeBnctbn 4R Sogpciated volume
| oads plus |ar change of buoyant forces, |eadin 0.
abaugdf ol s By T ERTE viter Bk SHromen GBS oes Feneledly in waves,
heave accel erati ons which can be intolerable for _
cauges fjgay¥lamaningd deadsplusiaige shangeobhuryangfarpes, leading to excessive
oper ati onal speed of conventional planing hulls in
cyclcisteuctoral deadsOseversnpital and heave aecalemtionpvdtitienan b intolerable
conventional planing hulls, TH 11 of Fig. 14 is shown
for bécugahts BadsRirgdadnd eguie slowiigtHd epératibhgl spleddl enébonventional
in planview in Fig. 14a. The contrasts and | arge

plarhﬁgehfuill\ts% Qfivdrisekkas transpl anar regime are evident in
the Ttollowng description: There is no shoul der wave

on 4 ' ' r .
e RBERind 9L.61Ing oS bR of BoreBlond nh S HRE T of Fig.
dr | anform area 63, permts the generation of =~
14 i5FHGHA B edTAIAIARATTeOIn 1 ProTieRITTid bl Bhgdn Riagviewsin Fig. 14a.
whi ch cannot becore |arge because of the |ocation of .
Thengantsestsm and dargenbenefitsiaf| TH-1l'¢ dransalangr Zegimerarg evident in the
| oadi ng, W Ap, because Ap 61 is large.
following description:

. There is no shoulder wave on TH over which TH must climb to enter a
transplanar regime.

. Large planing area Ap, 61, compared to small dry planform area 63,
permits the generation of adequate momentum lift with a small positive angle «, which
cannot become large because of the location of max beam at stern of TH-II.

. Low transplanar area loading, W/Ap, because Ap 61 is large.

. Inherent low angle of attack a of the hull, feasible for adequate lift with low

area loading, W/Ap.

. Low momentum drag with adequate momentum lift, due to inherent small
value of a.
. Lack of lateral energy dissipating flows from TH-Il in the transplanar
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I nherent | ow angle of attack a of the hull, feasible

for adequate lift with low area |oading, WAp. Low
woosentes drag with adequate nmonmentum i ft, dupCt/0S2005/001662

i nherent small value of a. Lack of lateral energy

.di ssi t|n flo TH 11 in tr [ an
o360l Boh it Tt Sk aus oot Wiibaardi Y RBA08E rpmentim i, a
pical TH s side rays, not w thstandi ng adequat e
Un'QHﬁr?éMaGFﬁgq ¢hthe Hﬁ'rf?'an@r BRdrRnEpanS fioke TH |1 |
planformin transplanar flow. Low beam | oadi ng at
stern, howikeasa laading atsteg,adhigugd hyaxaRIng Dlasge maximum beam
stern, allowing also | ow area | oadi ng. Superior |ow
at stengrajpwivadk alsadoweared loadihgl ow a, |ow WAp ;low WB',
| ack” of outward flow, with | ow energy rays instead,

and absgperief oA EaRgf waRkichleveBhdith IoW PVBw \VEFAP Sow W/B', lack
poi nted out in pertihent transplanar clains.

of ogﬁ\?ﬁg :fa AR W gﬁe@% r%?gqﬁétgga eQn?%%@Hﬁ@e tolﬂ%ué@z’sr‘dgﬁgral spray

orm ar ea aning area
ot al rea snpot h seas,

flow§ s BB 1 BETIRENSRrSBBOREFRIEo area o1 i's al so

small wher eby slanm ng | oads and added bugyant 1ift
in adveEé‘@e'@E?eB?WQD@eaCHQW%‘Pa E?@%‘&esthieﬁab‘P ptdry planform area
thereby avoiding high structural |oads and

63, tcwettedgplaning, ares 6%, paud he dotabarea A3pe Bl iesmall in smooth seas,
transpl anar clains. Specifically, Fig 14a shows in

wheﬂb@ﬂfeﬂr??valdnﬁ@%@émibd&mg tolHrea B4 id 4lso anraNelkiereby slamming loads
triangular shape, simlar to that of Fig. 10 and 11.

an d"gmfe\éfs Wflfﬁ/ﬂ{ %@ BAY §eése$b'réﬁ-’ucé i rrgao eﬁ‘f%fté n rE)ltch thereby

enti erent rom Fig. ere

avm@fﬂ%”bﬁq i WEgF ! aﬁbgha?%*%ehgbgaﬁ O POk 'Ol in pertinent

03|t|ve angle (3", shown with nuneral 65 with a
trangiapayClpiigyt h 61 and a dry length 67. It is evident

t hat,
Specifically, Fig 14a shows in planform a transonic hull having its archetype

triangular shape, similar to that of Fig. 10 and 11. However, the hydrodynamic regime
in Fig. 14ais entirely different from Fig. 12, and also different from conventional planing
hull. In Fig.14b in the transplanar regime, the hull is at a very small positive angle "',
shown with numeral 65, with a wetted length 61 and a dry length 67. It is evident that,
contrary to a conventional high speed planing hull, the dry area 69 is considerably
smallerthan 61, which greatly reduces slamming loads in an adverse sea. Also, volume
above length 69 is much smaller than above length 67, reducing added buoyant forces
in an adverse sea. In a calm sea, surface of wake shows a unique absence of lateral
spray, indeed retaining lateral rays of the type of Fig. 10, which is contrary to, and not

possible in, conventional planing hull. These unique features of TH-II's are the subject
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contrary to a conventional high speed planing hull,

the dry area 69 is considerably smallerthan 61, which
w@e@abty4s educes sl anm ng | oads in an adver se BEBUS2005/001662

Al so, volunme above length 69 is nmuch snaller than

above length 67, reduci ng added buoyant forces in an
of pedhireard érameplanian climal m sea, surface of wake shows a

uni que absence of l|ateral spray, indeed retaining

| atCGertain ranifisalofedrinetricy peativhsHegdinbOto th@ ohique lyandbdyramics and

to, and not possible in, conventional planing hull.

EhBpsadike BERHUN Sghi&h idire éiteat HRl B@hspRh imes,
S s Sy O PR SRS 2Ry 1 U perbiieat Rt Rehspldhar regimes

and R RIRE o5 MUEF ook Alianeted (iR SRR hfample. specified not
supeflor _sea k ing of TH-11. which to,the
by bt ettt (IR eAmivle, thh Bhmelgle bR g Fier 12 Snd the numbers
. X-regine _gsee | ater on), ar%e13 illustrated in the
identfiled A% wejteseidflibe feghdens phieatometary apgiheyrunits:
limtation. In the exanple, the nunerals pertain to
»  Fi &WL£ LQAG nhmenalsiset s 69 séhtunitsed as units coul d be
feet, tens of feet, neters or other units: - LW = LOA
» = IBjribwamh sufméral B®==16/0nitsni ts - B, beam nuneral 62 =
16 units - LMWL/B = 4.375 - Entry planformangle 60 =
» 13 1dgprees 375P aning | ength, numeral 67 = 35 units -
Dry length in Fig. 14, nuneral 69 = 35 units - Hull's

. tméﬂt%@l?ﬂ@?%@@%f= %%eﬁééss squared - Waterpl ane

area ritica percritical, hypercritical

= 0 units , squared - Dr l.anf orm f or war d
- R et R PR RN T o squared - wetted

pl anform transpl anar, cal mwater, 560-140 = 420 units
> sqidydengthin Fig. 14, numeral 69 = 35 units

> Hull's total planform area = 560 units squared

> Waterplane area wetted, subcritical, supercritical, hypercritical = 560 units
squared

> Dry planform forward transplanar, calm water = 140 units squared

> Wetted planform transplanar, calm water, 560-140 = 420 units squared

> % waterplane area loaded hypercritical = 100%

> % waterplane area with additional load in adverse seas = 0%

> % waterplane area loaded calm water, transplanar, 420/560 = 75%, transplanar

> % area with transient additional load transplanar in adverse seas = 140/560 =
25%

> Weight of boat = W

> Pianform loading = W/420, calm water, transplanar
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- % waterplane area | oaded hypercritical = 100% - %
wat er pl ane area with additional load in adverse seas =
w@%05/0907¢@t er pl ane area | oaded cal m wat er, traPGSpPUsIVes/001662
420/ 560 = 75% transplanar - %area with transient

addi tional |oad transplanar in adverse seas = 140/ 560
» = PRisaformieading ¥V/b681 hypergrtidal anf or m | oadi ng =
W 420, calmwater, transplanar 36 WD 2005/ 077745

» PCHBddm (suding & @anditioRkanf1® m | oadi ng = W 560,
hypercritical - Beamloading all conditions W16 -

> AV%/%G&%%%@ LR helft IMimeF BRI =25 (fifits= S units -

Vol une ove wat erplane, transplanar = 2100 units

, Cu =\ A f nspl anar
=3B LS AR e et B B0 P oubkET SE g
wat er - tio pof volume forward to vol une ove .

- vatGiyneraboGoRabt dRopsSToRL taRERAIT JR0 Risspybed, partially
and characterjstics of TH, though not |limting, are
uni&gagetmndoingioughveter equire, for safe transpl anar
operation, a proper location of center of gravity

» ( CBatid ofinplumei foavarddotvaturoé abloge avaterplanecFPO/24080 = 0.33
thrust line, such that the behavior in calmand

adviHes gboendesigh aitedaaing cidracteisties odTHYravuYk not limiting, are
needed to neet the required conditions in transplanar

uniqLLé?W§sm, %fﬂt&duar@h?&esaf@ th ELa?ffag‘rdp%&athrf?fé t.)t(;%ﬁe?g‘(?cation of

rust line [ocation. A good va ocat
corldipAPaN ISR g Bl BRRBHLEE CHIT B B, such
the BRR# 0L i arid pdierSe 988 A% AeGBERo & CorREDaisaly necded to
megt%gurgqaisgé ggﬁgitiggs inctngggggl;r?gri fsl’cg\/iv%sép];% oCnI ﬁblrgﬁape in planform in
profile, and thrust line location. A good value for CG location for the above example is
28 units measured forward from the stern, i.e., 40% of LWL, with the thrust line
approximately parallel to the undersurface and 1.25 units below it, i.e., 2.85% LWL
below it. The above unique features are characteristics for claims.

Furthermore, to achieve a transition from hypercritical to transplanar regimes on
TH-II with a stable CG, the corresponding aft profile shape is shown as 71 in Fig. 14c,
for approximately the last 2.0 units of length of the undersurface, shown as 73, having
a length of 2.5-3.5% of LWL which should be inclined upwards at approximately -5
degrees, as shown by angle -a. This is qualitatively different and contrary practice to
profile shape of high speed planing boats, which recommend opposite downward

camber at stern to facilitate planing without excessive angle of attack, and also reduce

hump drag before planing; for example, to alleviate nose-up tendency at bottom of Fig.
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Furthernore, to achieve a transition from
hypercritical to transplanar regines on TH Il wth a
wGehabber7@&5, the corresponding aft profil e shapeCT/g52005/001662
shown as 71 in Fig. 14c, for approximtely the | ast
2.0 units of length of the undersurface, shown as 73,
2. having a length of 2.5-3.5%of LW. which should be
i nclined upwards at approximtely -5 degrees, as
shoWihe lyitiealghportancé lofhullssheapal, QG anve cgnidolf flagpsetet bésPecified in
contrary practice to profile shape of high speed

neﬁ's@@haﬂs eaRbe béﬁér%k@ﬁ@ﬂﬂ%@e@@@ﬁiﬁin@%@%%@% involved in pitch
er at stern to facilitaté planing wthout

LE ore 2 ﬂ?@gﬁ\ﬁlcq'%mé‘ﬂ I‘i’é\'ﬁj%éa*rﬁ e%ﬁfrg %ﬁgg}g%r@bﬁﬁwar in calm
0%/ 07774

Wa%e%?%sﬁéo%%ogéég%gt;%l ol gyenqﬁﬁwf{%ﬂg C gty of buoyancy,

nyBAVRAME Caioh ! BUOYRRCHAGDT hElbanan, deRajiicindlpeniay of fotation

vari ables involved in pitch equilibriumas
(L(}@onr@aycpfmﬂcud rad gvatesplanghyich ohanges ragieally inotransplanar regime,
transplanar in calm water and in a sea. Consideration A
certtasoftdynaenigpressurefdrges deé & moneattuey chaingeyeffactof change of hull's
hydr odynam ¢ center of buoyancy during hull notion,

anélé%bitéiék ot hy§ealyRand st RickibhOthe rééﬁ?ctlv@rlﬁt%ré?&fbtnrd?'a@ the above
wat er pl ane) ich changes radically in transplanar

in ({aﬁf,ql\ﬂ?eraﬁ nﬁghéy fgeégségoc pressure forces due to

um change, f change of hull’ angl e of

attack on h nam c ,subducti o t he respect ive. .
i B9 %mapéofn%emp'sas Vighed %W%’?"éﬁ?ﬁ%@gﬁ 28,units from
adverse _sea. For in_the exanple reviewed
Stef o 0TI haceatn of mogitiana flptationsiwaterplanearea centroid)
40% LW., the center of |ongitudinal flotation
var{esafren S einits drons sterndiBdye of/Wlgsn supercpifical negirme, to roughly 15
fromstern (33%of LW) in supercritical regine, to

unitsofegil sterhy2 1 e610f ISVWLY) mréhﬁilanérﬂbg%@f Aktbidingly, the critical distance
transpl anar regi me. Accordingly, the critical distance

betglr?]eiter{g@ o?ﬁ% ‘3_'19: Sy Yr%f’r?’ (ié ong 38 unit€ 3= 3)7 YRt Jor sfipéreritical and
percritica

hypercritical regimes, which is 6.7% LOA, to (28 - 15) units = 13 units, which is 18.5%

of LOA, in the transplanar regime. An approximate position is shown as numeral 70 in

Fig. 14a.

These important parameters and relationships pertaining to longitudinal trim,
stability, and control have been exemplified for the transonic hull of the proportions
reviewed, with a trailing flap of the type shown in Fig. 14d described later on, with the
hull having rounded corners between sides and bottom surfaces of radius 1 unit, which

is 6.25% of stern’s beam.

Variations of the hull's geometry in the example above will alter somewhat the
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hypercritical regines, which is 6.7%L0OA, to (28 - 15)
units = 13 units, which is 18.5% of LOA in the

WO c@sepl7anar regi me. An approxi mate position i BCEHIS205/001662
as nunmeral 70 in Fig. 1l4a. These inportant paraneters
and rel ati onships pertaining to longitudinal trim

paratmethersi aiyd relations af rlongitidinalbidion stakility, iandedoritool. t Fkey are also
transonic hull of the proportions reviewed, with a

degendieht bg ratiapf akight ¢o Vpluene forexample, Q«e@hﬂdn dessto besk of length
|ater on, with the hull having rounded corners

in f@@ﬂ"l’mﬁ‘ T 1% Q%m?l@g@@ﬁﬁ LHGbel BF PaticRfin "tl@@'b#b%r%f BG'tB 85. By way of
which is 6.25% stern™s beam Vari ations of

Ry T TS A—

and rel n ud| tri.m
in 8 180t T isIRipob@nlafetiefls e Eadings" TapsRitu tafause a much
ratio of weight to volunme, for exanple, weight in tons
gregter hygeostatiq aﬁ?@&#b%th%@f/&t@m The exanple given is a
guide for ratios in the order of 50 to 85. By way of
r ef &y @aalize she hinuswvil Jeales tafnEHaand 789-1F éeflotatibnhaith a static
a weight-to-volune ratio of 71.1. 1In this respect, it

wategplan® acr@ntadesuthshat THs@indees Urfzad wereqfarallel 16 the Waterplane, as
hull to cause a nuch greater hydrostatic draft at bow

is u%hénfo%oﬁ&@ﬁtrbnaTehrp%aknez6eﬁte? oflsuwéﬂcyfﬁéalarfﬁﬁ aPhbdiit 33% LOA,

l'otation wth a static wat er pl ane were

reqm?‘tﬁg %\ ane QjﬁosTt%f Syw ?&JL@%%@&E? ea{i;%%gig% dﬂg& |ph<£§placement
center of buoyanc uld fal t about 33% LOA,

supBELice] FRpTRe Sea mowBdiecetthn Beed Chalangn BEMARCG and LCF of
excessive drag in displacenment supercritical reginme,

trangepiabull i iteyarieus fiegimasg @ndi werldeasiseeanwastable piteh situation at
LCF of transonic hull in its various regines, and

highendpkedsu sklisan Thi's stebh'e weakecin superatifical ragimeh'W@ImeJ‘ be destroyed.
speeds. Also, TH s stern's wake in supercritical

With @UicAB NS FIopgticHE 3hé P¥Rdy tYVrhBvs O fhapd e pItCh stability would
flotation, the renedy to nove CG forward for pitch

reqir&@l édﬁrﬁer‘ﬁ%ﬁl itbse bulb on a transonic hull, which would impair drag and be

undesirable in an adverse sea, resulting in slamming loads and large variations of
structural bending moments at midbody.

5h.  Stern Devices to Make a Single TH Operational in Various Speed

Regimes.

To make feasible a flexible and efficient use of the single transonic hull TH over
its entire broad speed range — i.e., subcritical, supercritical, hypercritical, and
transplanar regimes — variable geometry stern profile is of critical and optimum results,
for example, with a trailing edge flap at the stern, but used in a qualitatively different

critical and opposite way than stern tabs on conventional planing or semi-planing boats.
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require a subnerged nose bulb on a transonic hull,
whi ch woul d inpair drag and be undesirable in an
w@adwensessea, resulting in slamm ng | oads and P@r/gs2005/001662
variations of structural bending m)mant s at mi dbody.
5h. Stern Devices to Make a Single TH Operational in
Var Figud4ggbews TibgHRdersurigcrmts aféaéguftmr@flla 7B adiaggng stern 77, with
and efficient use of the single transonic hull TH over
a sters flapt 76 mduntediswmpetidy abthgecorner ef surfadiesriz anchV'5, with an upward
supercritical, hypercritical, and transplanar regines
flap angle Mf%tﬁﬂ.@nﬁ andH stem ﬂa@Ehbﬁd ofs2.6% CWILL.i This naig@tive angle is
optimumresults, for exanple, with a trailing edge

neééj?@ éc?geﬁ&eatéta‘ﬁﬁ'bo&‘r'ﬁ thes @flticdl s%élPéﬁ?lEaéB WeFig. 14b b|n transplanar

critical and opp03|te vvay han stern ta

re ey o ieBEAPPlsE oot 1a a5 Re 8345 10k Hing! J80iRs, but not

rsurface.with a f roflle 75 adj acent stern
dedfee [y $4petarticdhphhipeis heshBaiS smoothiy at the
corner of surfaces 77 and 75, with an upward flap
angF . dfle showssdhe stesn flapef §igt1ddinstalied snthedype oﬁstmt of Fig. 14c
LW.. This negative angle is needed to generate and
magiifiest 1o adoept antoptahizedmull adtngriofiles 5SSpecifically, thtreiis flat profile aft of
transplanar regine with a stable 40% CG and in

hult 8t \@hieh QAB@ss hBnEY IS thé €l inf RBGEPBY dpUt 2%0L OAdEséreBy reducing
in supercritical or hypercritical reginmes. Fig. 1l4e

ste$|'?§\8$af¥ BSotioef 8 tﬁéréeymcrgégn%metrgbﬂmuﬁ@ doﬂtridlﬁ.om?ear of TH-

stern of Fig to accept an oplmze

I g#b%@%%%@%é%@ﬁ%\h% %%n%l“ééﬁaé%h' o Bisterh ap 62 o

sec 79 of 4.2% thereb uci n stern draft
ab%‘oén? E/‘I)Cflczard qaFee : r‘?"ﬂéP@é@ Hge 1@‘,& “OﬁPtfn%de between arm 85
contribution of rear of TH 11, WI t hout excessive

and beagkes B4r M herfle:hasran aoglecf about Halifer fransplagardflaw, and optionally
stern flap 82 of about 2.1 %chord operated from
fortsabaritical fibw updolapoat SinrHevéeve, thedldpatvesesaheeffoct aftidwnwards

bracket 84. The flap has an angle of about -5 for

cutvafite PtRERabblioYera8sit aRbicoaBkleYn flap position 88 for supercritical and
hypercritical regimes, and has a special brake position 89 which buries the bow of TH
and raises its stern for a drag increment from both sources, especially beneficial for
braking in hypercritical and transplanar speed regimes.

| have reviewed with the aid of Figs. 12, 13, and 14, the specifications for shape,
hydrostatic and hydrodynamics of TH in supercritical, hypercritical, and transplanar
regimes, center of gravity and LCF locations and thrust line locations, planform and
beam loadings, rear profile shape of TH, stern flap for TH and their combinations, the

distribution of dry and wetted undersurface areas and corresponding volumes, and their

effects on hull behavior in adverse seas. For the latter case, an increase of weight
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for subcritical flow up to about -8 However, the flap

reverses the effect of downwards curvature 79 to
webmen7zes o exit angle at stern flap position B8r/U81005001662

supercritical and hypercritical reginmes, and has a

pérﬁ’@fé Ainobs ahw%%a&.bﬂ%?gxa@p@hf&w. . nspgfg\maggpg%, the CG can

raises Its stern f ncr
f|C|a f or rak

squr.ce \Y i in . .
of e padC AP0l p I8! afd Al lishErymElt T ianaa ratio to permit

reviewed with the aid of Figs. 12, 13, and 14, the
e%@%@?%ﬁ%ﬁh@rﬁa%ﬂ’a%ﬂdﬁgme hydr ostatic and

hydrodynani cs of TH in supercritical, hypercritical,

and 9 anspdditianal X &yieessRegiore ef Tidf gravity and LCF

| ocations and thrust |ine |ocations, planform and

beanfFigoafishgws a eew regiafe Whichltescberin dévelsped by thigwvriter's R&D on

for TH and their conbinations, the distribution of

a Grayisanid MaL t kG BNIGES érﬁeiﬁlﬁaﬁhﬁﬁ% At SR 185 RARAD the transonic
volunes, and their effects on hull behavior in

NP DS R R ol SRS Pl o bsence

of g iR mPRas i %le%r&efr?é"w%ur'%wi’f&;e%nssrét'q%eaamostbeneﬁcia'
back fromO0.40 to 0,39, and also at lig

Byleihghwatessugiage r?antHQS\StQPR?@MPtdef\é&él @ﬁd%fﬁt&'}ﬂlm anskis therefore
transpl anar reginme. 5i. Additional X-Speed Regi ne of

Idemlfmcgas e Aegime, apepurdgiattinuthiechighes rareEnotispesds) delstimony of
by this witer's R&D on a transonic hull. It is of

which lar@ phetograpiis sladwing theaurfake Rohditions spetifiad iMFidhas at, around,
transonic hydrofield prem ses and under st andi ngs are

aritPlo @Ak iof ey st%m b9 rcﬁdl'H %bH? Qa9 hl'ﬂé@aﬂ@%%’écéapa%en depression with

shoul der, m dbody, and quarter curvatures o

I f t
- MR gt o@%E‘é@iﬁhﬁé@Jewp%ﬁmff’fé%t reanards as water
oABHSEAL 1 1 B g TS A 5 s
testimony of which are phot 0 hs show ng the
sustace£f wakerhalow dine leygbef umcb@tu?bquﬂ@t wasr-aurfaae atgas, 92 outboard of

and to rear of the stern 91 of TH body 90. The wake
ddpaisssion bb97 careh94leptheasd ofideprebsion 95. There is no evidence in the wake

of rays projecting to rear of transom 91, except as borders of the depressed wake zone.
For this x-regime, it is noted, TH has a deeper draft forward as outlined with dash-lines
inFig. 15. The pervasive flat surfaces of the flow field outside the confines of the wake,
as well as inside the wake, is evidence of an extraordinary hydrodynamic regime, in
which it is possible to postulate a fully lateral flow component in the wake of V sin 4 with
V being boat speed and with 4 being half the planform’s bow angle.

5j. Roll Control for TH with Stern and Lateral Flaps and Bottom Streaks.

Fig. 16 shows trim and control devices for TH of special value for turns of TH in
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a snooth left edge 93 and a snooth right edge 97 which
project rearwards as water extensions of the flat
weaes7ls body 90. Wake cross-sections at 96 apdir/852005/001662
show a flat surface of wake bel ow the | evel of
undi sturbed flat water-surface areas 92 outboard of
the H?Eél‘cﬁﬁi&'amnditraﬁiplaaaldm%es.u(hoﬁHm Jthelepis evide sterf@3.00 having at
ere is no evidence in the wake of rays projecting

its IoWér EBGE tirectdtansmap Sdgmeneaihgad abesiessr Hiis 10?. The center flap
depreSsed wake zone. " For thiS x-regine, it is not ed

st R ARl ey A0 A g vt
ralse\gém b)égnglfﬁlgf)ggn {Qq%.té)e\ggﬁeat B%&&S@HPEE%EIO jﬁ-l é"l’ﬂjfade 1 1329 The flaps

extraordi nary h rod nam c re %i cih it i1s )
are 5@@!@ fior 69hbtusds Rightlaral 0f1u'§|f§' Pﬂtbé/r%ﬂg'?l ¢ 12rgep Hiagh1 02, to sink
in the wake of VS|n 4 with V being boat speed and
right sidetofhull dildgand left fiape1 f isdoweneddyrngleAge én ogpositealinection than
Control for THwith Stern and Lateral Flaps and Bottom
anglstl 04 ptosraiserthe. left 8idehofiBH tINBm At rdinglyy TH enkisdeshé aght and the
TH of special value for turns of THin 41 WO

bottof? Q@r‘f@gg drH B@éﬁ@%@@%ﬁ@ﬂ gﬁﬁed tdmehgheuRdétddtidh oBEnventional

transpl anar nodes. there is wide stern 100

ruddEla\é' cfégltrg:%et ff)fcel %ﬁoﬁéjrg?%g{}r @Hs\kﬁfcﬂ tdeln@??tég Q%We% 4 path to the

near axil s e cen

[ Nci vi de, nose-up_tri durln a
right et N et Heb (REREL 581 385 HElL 1805 "
respect to a projection_of flat Iomer TH surface 112.
Th%,n altq,agtW%Mn@smﬁhpeas shqyvn indig nl 6. rPERFisNoATelragtable lateral
rai sed by angle 104 |arger than 102, to sink right
flap t08lkingedlathh akis3]0%imdlihed in priofile view to have wepasitivieyangle of attack
angle 106 in opposite direction than angle 104, to

o relafivé o tHeefldwion thiedided of TFH1 The desloyel P%Non'ﬂﬂﬂbpnm shown in
to the right and the bottom surface o

Fig. %E&ué%é?dé@% M"r‘i\ﬁﬁgsﬂe of Tf T1:9|31‘hfdl§ﬂr‘?€e’th%%ﬁﬁﬁﬂqf14 remains

conventi on a centrlpeta orce conponent

retraH1 gih Hegﬂg;m gMﬁl%ﬁsW% S%gggﬁlgs ﬁg \fﬁr?ﬁegfgéle nol{d?gﬁctllmear motion,
rlghtpﬁag)_ 1%8 sCAn aléqe:pgai;s r@%g‘ 1th'é'r gpa is né/\Qed smoothly in

depression 109 on the side of TH.

Another detail of Fig. 16 is the cross-sectional curvature used at the lateral lower
corner of the hull. The right side curvature corresponds to a local ellipse sector with
major axis vertical and 2:1 ratio used in certain speed regimes of Fig. 14a to minimize
sinking effects of subduction. A different embodiment is shown at left side with a nearly
sharp corner 116, which is best used for x-regime of Fig. 15. As a consequence, the
left lateral flap 114 can be placed at a lower position on the sides of TH 113, with more

powerful effect.
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flap 108 hinged at an axis 109 inclined in profile
view to have a positive angle of attack a relative to
wo besbtows on t he sides of TH. The depl oyed pospeT/08200$/001662
flap 108 shown in Fig. 16 causes an added lift on
right side of TH 113, and since the left flap 114
r entiheé snodecof ugagedof steen flapghof Bigdd60é desciilked i tabd)ar form below
causing a turn to the left. For rectilinear notion,
in whieh B reppasehp8anglet etlatiod o6l tHey/ rdanvaRt projédtion ¢fi llihundersurface
111 and is nested smoothly in depression 109 on the
113GegtbedH. Another detail of Fig. 16 is the
cross-sectional curvature used at the lateral |ower
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Syfcriticgl, Si@%g o minim7Ze sinking effekts of -4

o) differe enbodi nent sz shown at | ef
H%g%é*’hﬁgalﬁtml y Dé =0 hi i S

thar pcorner 116 which is hes

Hyt?&@riﬁ@, ﬂgmqg,inme of | kEbg. 15. As a (:o-;nsequence, ttheg

eft—t+ateral ||ap H—ecan—be |JI a\,cd at—a—tower
position on the sides of TH 11 owerful, |
o 1 LanSPIEpanaNSBupeTPToRl e PLSIIDS TRk e 9 fpads Similar to
of usage of stern flaps of Fig. 16 is described in

hypesgiifical. f orm bel ow in which R represents angl es
rel atlve to the rearward projection of hull’
undéne tedimes of G4 of latetalftapssaf Fig. 416 gre Mecsmpberfrttlcél appercntlcal
Center flap Right flap Subcritical, straight -4 -4 -

andWafSEIahAr r‘é@lme§t\ﬁ|ﬂi #ldngitbdmal IeﬁgtH‘ﬁ‘\B?éér'i bé bpfiized ﬁﬁbswed for

turn F+ -7 =10 Transplanar and stpercritical use of
R gm g i
theﬁJrgfeeFEé;dl t czﬁ el é frbtere&‘al B gsuégmh%@?at eral flaps of

Fi gsk 16 I?artgra{l'?-'-'Iat;;]seforll'-Pyorrgchalrﬁl?:lFunh i %C” tical,

Fig. 17 shows lateral devices which have various applications, as follows:

a. Dry deck function: the lateral flaps on TH 120 are deployed when
operating in adverse waters, for example, in presence of wave 122, compared to calm
water level 121. Under these conditions, a properly designed TH will penetrate the
swells with minimal loss of speed, but there may be some water from the swells
reaching the top of the freeboard during the penetration. This situation is minimized by
right and left lateral flaps 123 forward, 124 at midbody, and 125 aft. The flaps may be
similar to flaps 108 in Fig. 16.

b. Pitch control function. In high speed regimes in chopped water or in
swells, or even in calm water, selective use of lateral flaps can be used for pitch control;
for example, deploying the forward lateral flap pair 123 only for pitch up, or the aft

lateral flap pair 125 for nose down pitch of the hull.
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and transpl anar regines, with a |ongitudinal |ength

that can be optim zed, if desired, for the preferred
waepmsadreyi ne, for exanple, as outlined bel ow. PERUS2005/001662

Lateral Flaps for Hydrodynam c Functions. Fig. 17

shows | ateral devices which have various applications,

as d.ol | dvaterad cobtrgl flmckion.urly one flapeofl ratdboaly fldpapasr 24 can be

TH 120 are depl oyed when operating in adverse waters,

useldoforensfingfl the holl WVitRel gitchfeffdts dr2dnlycond dapdot paﬁaﬁB can be
water | evel 121. Under these conditions, a properly
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| 0ss of speed, re may be some water fromt

i ng the top of the freeboard during the
ana;@ﬁée%ra\yhgﬁ%nml S situation is mnimzed by right and

128ha ¢ Hade L Bife b Geshrande. 3h@3"ge@vf@t$ ffthe entie fiap

Fig. 16. b. Pitch control function. In high speed
set M@Iggmat%c@ﬁg @sauemﬁtge dgplqymerﬁw@m@bodyﬂag,@air il 24 will generate
cal mwater, selective use of lateral flaps can be used
midbody fieavé a&ig'nuentblC;G withrmimimaappitsh effgdtsyi ng t he forward
| ateral flap pair 123 only for pitch up, or the aft

| ateer al Fiképlaperial fldpbad walkimssatdovAs pintatterdtiviehef ldwer cost), and
43 WD 2005/ 077745 PCT/ US2005/001662 c. Lateral control

at {)dﬂﬁétlbé’g‘of SRlnY vPdter Pbﬁ@rrﬁﬁuﬁ & ardritfa lrfl CSﬁrbe used for

used for ro t out pitc
1 e
onefiidiph e %b@%ﬁ%@@iﬁe&s a4 A8 t&%srv% a‘isﬁ*ﬁ%&éﬂﬁé&ew walk on
0 e down

thefomngI 1016 AN i A GHicly G A SRARYBN o i Tslay SgAg oS fesward anchor

the entire flap set will generate some heave, or the
mauipplatigne ferwstrdneétébody flap pair 124 will generate

m dbody heave adjacent CGwith mninmal pitch effects.

e. Gt xedRdlbContdl WitkaMertical Whiders\gfaust Fenceds an

alternative (of |ower cost), and

Fig. 17 also shows a vertical fence-like surface 127, which can be adapted to be

retractable bottom flap for minimum drag in rectilinear motion. When rudder 126 is
rotated, it will generate a centrifugal force at the stern, say outward of the paper. This
will yaw the stern towards the right. As outward motion is developed, a lateral water
flow component inwards towards fence 127 is developed which raises the pressure on
the right side of fence 127 and therefore rolls TH right side upwards. The combined
action of yaw by the rudder and roll by fence 127 causes the generation of a centripetal
force on the hull towards the left, causing a left turn path in accordance to Newton'’s
second law. The centripetal force has two parts: one is the inward component on the

bottom of the hull, and the other is the inward force on the right side of the hull.

Combined they can generate very tight radius of turn.
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at some | oss of cal mwater performance, pernmanent
| ateral flaps can be used for operation in normal and
w@adwensesseas, and al so to serve as paths to heeoBEUSI0851001662
walk on themin the fore and aft direction for
i nspection of w ndow seals for forward anchor
Mul &nigHs Size kfegt oaEdficigncy abivll Sime FdIVegsels.
Vertical Undersurface Fences. Fig. 17 also shows a
verMy calalysés o myi lestss Uifidber didggovaredch vepgnslitetleatabvery important
to be retractable bottomflap for mninmumdrag in

adva@tdde imestimamihgthe Wlight-ta/didey ratidbof & TH aihiid @@plicdble to certain
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hyd?H@lWrﬁlc‘?égH& GANE as dEtbingl in muae) fehes. Slttﬁaréﬂ ‘@g{&% a unique

As outward notion s devel oped, a late
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rarses t pressur
e 7 apd therefore roll ht Sld
corf. Pfaaﬁl ot chihsendie Ge0; PR Yl BPEThT dbtidn disiacement
roll fence 127 causes the generation of a

sun%erﬂtiq givpercrtigab anshhydrefialgl regineaa ispringipalliepf viscous origin and
causing a left turn path in accordance to Newton's

wageowking phendmena endragef mlonientom d¢rengenie mpach kess significant over
is the inward conponent on the bottomof the hull,

theg@@peba rah§és comnpdreditovedntehidrig displabément bt ﬁfarﬁi@g alills in the
the hull. Conbined they can generate very tight

sarﬁé‘gbééd Pdnde! TiH's b dﬁ@ t3Q)Q§% it ﬁlrg‘)rggé WEW%QI@% for various

Uni que” Si ze Ef ect on ncy 0

reaggri% L{/n% Um/qr%r}@ r%g‘%;%}@ tpﬁ%w ?@% drag o‘ife%ﬁégﬁées ~|¢(.3,t:[]osr§:g 3\/ Wltﬁq?eynolds

estimating the wej ratio of _a
numBeN #%SIBE IGrEase B o1 taﬂ&%@&%ﬁm@w ngrreené]e Tifdragscoefficient
determined in nodel tests. The advantage is a unique
with ineseaging gcals frem madehde shippdeagasenfil%, and dfy fogsimplicity, the
present in the increase of size for conventional
visduusldrag Siene estifnatet wijh treooube o thé ssaleeid waluldbe diminished by 50%,
di spl acenment supercritical, hypercritical, and
but'h)éﬁﬁéifé—r‘h'aﬂin@ftﬁégaﬁd*tﬁe Weight veald be SalcHlatsdPiih B &libk of the scale.
an
Moreover, since a wetted area increases with the square of the scale, there would be
a further reduction of viscous drag. The practical consequences of TH’s reduction of
wave-making drag in displacement mode in model tests is that the W/D ratio of a TH
ship predicted from model tests can be estimated to be 20% or more than that predicted
from model tests of a conventional displacement ship at same speed, size, and weight.
5n.  TH Shapes for Solving General Problems in Adverse Seas.
Ships and displacement boats have been designed in the past and present with

substantial buoyancy reserves, and these are larger from about midbody up to the bow,

which reserves are transiently engaged in adverse seas, to raise the ship’s bow when
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wave- maki ng phenonena or drag of nonmentum change is
much | ess significant over these speed ranges
w@opareds t o conventional displacenment or pl anP@mukaeh$/en1662
in the same speed range, TH s weight-to-drag ratio
i mproves with_increasing size for various reasons;
encgueterifgavavest Evendisplacemedsh W@@h@s&eayomg@rfwma sharp entry
strongly with Reynol ds nunber as size increase at
at thedoosw atwaterplade lavehdred nafow watenpiares aré neéveigheless flared outwards
coefficient wth increasing scale fromnodel to ship
anddfepngaissisoveOiaterpldnefto pfr@\ﬁdélbﬂiﬁgaﬁdtyi boseiVess, a6l WEIPHS permit open
drag were estimated with the cube of the scale, it

dec\é@%r%a?@ pPOBLRAIESRGH dé}ﬁ/err’éé/ eaﬁbﬂi fﬂ%ﬁ%\l&d@egéﬁg

e wer ght woul e of

W’f@eﬁ%wﬂf@eﬁ?‘g{‘% SiBnff gt BB hdys YufRtial buoyancy
rescrifs BRIBREO PR EIa e JBREVER TG MARSSHARIthG Ao He same

di spl acenent nobde in nodel tests is that the WD ratio
PUrR@s&®. TH ship predicted fromnodel tests can be

estimated to be 20% or nore than that predicted from

nodehas atstosbedn the practicei af rcainveniphal cdvigshand igatato place heavy

sane speed, size, and weight. 5n. TH Shapes for

ngxdn\éhtwamghmb ty efdueawpitich idstviar se Seas. Ships and

i spl acenent boats have been designed in the past and

n
SR, RS0 e TS oo

appfGREELT g&ﬁcg{o%@mv%ﬂggg%@@dg%m Sevbilimportant

PCT/ 005/ 00 62 encounter waves.

depgrtig uﬁé&?@iﬂ” fWes sgxemplf 'é‘t '3?/&%3 Wa‘\l/&hg a sharp
entry atthe bovvat wat er pl ane | evel and
nafigvifa srgvsipleavieve 13@ ob T Hhwithe edengthrad & Qounitseants max beam aft
and forward above waterpl ane to provide buoyancy

of 1eesaityeskigadsbeshows sy widw epatourdtdk abboe vetatic water 134; and
protected from adverse seas by fences above deck

subh%\f@éd pNTIOIME 1 36 WFigR. Y8EtdP g SHBw afidsetibns oP‘PP{t T he following
al so have substantial buoyancy reserves and planing

unlctu\aénn@aﬁ%fs%‘f@n?fe?tfrves fromm dbody to the bow, for the

- A very sharp total entry angle in planform into waves at all levels above
and below waterplane as shown in Fig. 18a, and confirmed by cross-
section 18c, 18d, 18e.

- A reduced free-board and profile height above static waterplane in the
forward third of hull as shown in Fig. 18b.

- A greatly reduced volume in forward region of the hull above static
waterplane, evident in the transverse cross-section Figs. 18c to 18f.

- A traverse cross-sectional shape distribution above static waterplane in
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purposes. It has al so been the practice of
conventional ships and boats to pl ace heavy

w@oouporEm S am d- ships, to reduce pitch inertiecT/ThmoTbd1662
desi gn departs from and is contrary to, these
traditional nmonohull approaches in respect to shapes
and volthedsrward regiosof theskeabthathas fallingsrauldensaraanhverted vee
departing TH design features, exenplified in Figs. 18a

t 0 189.sHape tolfigsipdtewsridar noddrdmivalesThing ierded, as shown in
l ength of 70 units and max beam aft of 16 units. Fig.

18b sh sS{gleiovigw contour 132 above static water

134; an subnerged profile line 136. Figs. 18c to 18g

show cr - j . 3 j ' .
7 éat ur €A 3PECRBH BBitdtie Vg T kR (S REpo b B The i to permit
in planforminto waves at al.l levels abqye. and below
wat or pi RiREe: SLBHES 7 SRy 7 £165. s Bolls insliea gf conventional
cross- section 18c, 18d, 18e. -- A reduced free-board

and pr olesignmiaking inawaies osttap iof anarenfoanard ¢eckae

forward third of hull as showmn in Fig. 18b. -- A

gr Haa $peaifierkhepes\od T e ccassfaliytasted iegidversef seasar@shbwn in Figs.
above static waterplane, evident in the transverse

18 refiiVosd apeve, whara@erizddfurter i the follofving:aver se
cross-sectional shape distribution above static

the 1 oriard TP Yy R RlpAORTo B SePSRf HtB86w and above
ohov! ceBlafal DifTATE Y5801 PRREASY 15 Bibine entre tenan
Figs. 18c t 8f. -- An encl osed habitable volunme in

t he for%éhﬁ?‘b' rtion of the hull to pernit piercing of

waves as shown in Figs. 18c to 18f, instead of
conventliaowarofile with vertical freeboard forward of approximately 4.2% of the

length of hull at 80% station from stern, as in Figs 18b and 18d

- Cross-section of hull above waterplane with inverted vee as in Figs 18d
and e, orinverted U as in Fig. 18f, with a smooth low overall profile with
a maximum height above waterplane of approximately 7% of overall
length.

A critical parameter is the resulting volume of buoyancy reserve in the forward
region of the hull above calm waterplane 134 which can be displaced as a transient
condition, for example, during a transient diving encounter into a large wave, such as
wave 131 in Fig. 18b. This additional volume should be related to the water volume
displaced by the weight of the ship in calm water. Successful tests of TH have been
made with volume ratios in the order of 13% for the additional volume between 80%

station and bow in Fig 18b, and on the order of 32% for the additional volume between
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designs taking in water on top of an open forward
deck. The specific shapes of TH successfully tested in
w@dwense4seas are shown in Figs. 18 revi ewed BODUS2005/001662
characterized further in the following: -- In Fig.
18a, an entry angle extending to the sides of hull
statioml 6W2maadd ataticn 8054, ewith @anbulis ceoterl ofagrvily 28 &appiroximately 40%
approxi mately 130, over the entire length of the hull

station. TheseIrafibd wevé bbtairtsd by glaphicestirmatdsiveiivlage Aécessarily rough
approximately 4.2%of the length of hull at 80%

in n&fu?d | Y EdrPBR ?éi?{%&u?)fégﬂggvgérﬁg éd%ﬁrﬁ@é%n]sgﬁith softwareelaaving wave

Cross-section o ' ane with invert
. e . 1 _ Cor i : :
sim{fiof pbbudhine Bher b idheo e 8 Sufomsty of the
hei abov terpl ane_of approxi mately 7% of qverall .
forwhih Hth 2P o WSEEIBRG: aFiess: oS, FEQIC MRy dagve and pitch
~of buoyancy reserve in the forward region of the hull
distelbg@Peesal m wat er pl ane 134 whi ch can be displ aced as a
transient condition, for exanple, during a transient
di Referriogdagrtodine Thi-b ptarifamng andpvefile inukcig. 48, it woveey ibgdortant and
in Fig. 18b. This additional volume should be rel ated

critical td BRrifethat theadyhEnicdo sdih@aelighspelts wetrgtiulnfortdd@mple, under
ship in calmwater. Successful tests of TH have been

actigﬁggﬁwﬂé H‘FY o] HHﬁsiH%léé'tH\xgsh%lléMaﬁrc‘éﬁbeﬁtﬁorﬂa?%%@%l?ﬁcﬁ&boats, such

It1onal volune en 80% station and Fig
d. o h . 0f.. 32%.f j e I X
as i et Soh os55 BB Hinh o Mo P cohR ppliR i Feasons:
57% and station 80% with a hull's center of gravit
at *appr 8\1&‘!%\ %993?0'4(?% has HF%%?’W&%G%W%JEW&P@‘ attck such as
~_obtai ned by graphic estimates which are necessaril g _
in FigsudR® andh 1Aaenddheeaidrecthe peangd ohuedrtispl owmentam gedH is much
cal cul ations with software having wave simulation,
smailet thanghith berylstéridar hulls having dyhantic tiftissisé ahé edicteat dpeeed tend
asymmetry of the
to ride nose high with a large portion of the hull’'s dry area and volume exposed to
wave’s impact and therefore capable of generating very large loads.

. Furthermore, the planview of TH is much sharper for a given hull beam,
because it is triangular with max beam at stern, rather than with lenticular sides with
max beam near midship, as is shown in other U.S. patents. Thus, for a given profile,
the volume of buoyancy reserves of TH is less in forward region.

. Cross-section forward has an inverted vee shape to prevent extremely
high local loads under dynamic water impact when piercing a wave or from waves
breaking on top of the hull such as would be in the case if, instead of having an inverted

vee, there would be an inverted cup.

With TH geometric properties, it becomes especially advantageous to distribute
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forward aft area of waterplane. These ratios result in
m ni mum heave and pitch disturbances. Referring bag
wo eooslog77d3+ 11 pl anform and profile in Fig. 18,PETt/Us®05/001662
very inmportant and critical to clarify that the
dynam c | oadi ng at high speeds of the hull, for
the heaaypbmponedty of thetshiptoahaxenize 118 long#udioabmdenerttlof inertia, i.e.,
smal | er than conventional very slender boats, such as

that 4841t aRRENelse DHERHIrOGGHEtHRWINtSf igPavigTat Nov/seeﬂaﬁbn #98H. 18b, and

for the follow ng reasons: At high speed, TH has

an alﬁﬁﬂéﬁ\?eegﬂ Igro%gnqné‘ I&@u’dl 1QERte?of Abtatloh SUPITF stét[bn in Fig.

and ere ore the change of vert ica

m of

18a g P aition, T el Eifyie Qucopeh Rehidh, UEPE &8 &w‘"ee"v of the
tend to ride nose hi hW|thaI portion oft

fore and pitaregs o W%t&f@ﬁﬂev%'%ﬁ&%g esews&@a'%t Bea\f\)é%agoﬂﬁrd%'tta"ks and
and therefore capable of generatin r_‘y | ar ge | oads.

otherthgavyeraas adjacret powandsierofargimpe ?fﬁ’th henmpgeltesisrhaye shown
given hull beam because it is triangular with max

very fm@nalsle resd@tswith as meuch &as40% ofthiedaotal bobbweightlassighéd near the
max beam near m dship, as is shown in other U S

hull SRR This 2y heck8sitate Gh\¢eRalY Gisekethe Ui uuPboWErpMnt distribution
buoyancy reServes of THis less in forward region.

showr RS ﬂ ggtion forward has an inverted vee shape to
reve t extrenely high local |oads under dynanic

[ |er g a wave or from waves
n&%@%fiﬁ”%‘l‘t such as woul d be in the

case |f i nst ead of haV| n an inverted vee, there
wdUig 19 shaws g sidesvien;d. THVIEA having:arferwardly located engine 152
properties, it beconmes especially advantageous to

driving a midthod yepropglleit S8y Tthvadg PETo ugaEsIal shai, both peotected by
heavy conponents of the ship to maxim ze the

vertidad figi 138Wwhith camalgb prbvideeydodaradkiy and tdeatripitalforces in a yaw.
transverse axis through the center of gravity at 40%

At thétr@é;l are & half &F- leﬂ%@ud @ erdihed, DRNYIGAE BE whith IsTSHIWH as engine
| ongi tudi nal center of flotati'on at 33% of station
156. IFdFvegs a vertical shaft 158 which is submerged in rudder 160 to drive propeller
168 mounted on the rudder, or separate and ahead of the rudder. The power plant
system can comprise therefore three engines. Fueltanks 151 and 153 are also located
at extremes of the hull, so that heavy components maximize pitch inertia of the hull.
The upper part 161 of hull 150 is similar to that of Fig. 18 in the forward half, but in the
aft half there is an open deck having two additional features which combine uniquely
with the broad stern beam: one is a helicopter landing pad 164 above deck. Another
is a stern garage 170 in Fig. 19b for launching and retrieving an auxiliary powerboat

172, while the TH ship is in motion. Fig. 19b also shows how to fit right engine 156 and

tank 151 on right side of garage with left engine 174 with left tank 176 on left of garage,
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18a and b, although the latter criteria is inconplete
because of he asymetry of the fore and aft areas of
wowdosopi7zane. Pl aci ng power pl ant, heavy weaponspCT/usi005/001662
tanks, and other heavy areas adjacent bow and stern
are inportant. The nodel tests have shown very
and stawal|1é 8k of garage: Mlles whikhhis amiqusly pessible bygnax beam at stern.
boat wei ght assigned near the hull's ends. This may
necissi t3teajthiandcleow bseceatds Chanacteristicsadf Pdwer pl ant
distribution shown in Fig. 19. 50. Weight
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pl ant system can conprise therefore three engines.

wategabne amkstopSiat grachel 330ar Ehud, slirelctiy &itoed abave éhe heftgsesents only
of the hull, so that heavy conponents maxim ze pitch

thrée @raniefs: 0f 38 heft hand . 138Thight!PBSth Rtlihed 6dt @6°hahd A&0panel 140,
is simlar to that of Fig. 18 in the forward hal f, but

apﬂggéﬁhﬁ%lxz{oﬁ%@ﬁﬂaﬁ. fEdORH wﬁ? %Eli@gé nﬁﬂ@ Uie%?ﬁgmhéfb\evg%n:rwttﬁgere are only

eat ur es I né uni quely

. 0 [ |40 ing. pad 164
e SRR g g it o G L BB BT RieB by W pture, he
fqr launchin nd retrieyving an auxiliar ower boat
TH 15?‘2p%ﬁi ?’étr?'%ﬁﬁ’Tﬂe?ﬁhw ie%ro thy 6@, it ﬁiid&}/e‘g@%ﬁ%(l isolimited to four
shows how to fit right engine 156 and tank 151 on
disperging ehligwesturtpeeagdd hiand 142f on theylight, and oarmelspoeding pair on the
tank 176 on |l eft of garage, 49 WO 2005/077745

left AT &S 20HeRlsl662 and stairway 178 out of garage. All
of which is uniquely possible by max beam at stern.

5p.5q3t eatémte B GraVity ReE WARBHald TeAGoR] bFTHES of TH

Other important details in Fig. 18 is the center of gravity 145 CG location at 40%
of hull length from stern, and the longitudinal center of flotation 143 LCF at 33% of
length from stern, really a waterplane centroid, providing thereby a dynamic stabilizing
arm between CG and LCF of 40%-33% = 7% of boat length in displacement mode, as
already mentioned for other figures and which is a radically larger number than possible
for conventional displacement ships, and is uniquely feasible with, and advantageous
for, TH. In the transplanar mode, this margin is increased substantially above 7%, and
can reach the order of 14% in reference to transplanar LCF 143TP.

5r. Undersurface Shape and Construction Methods for TH
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Returning to Fig. 18, | now describe the stealth
anti-radar surface arrangenent of Th above waterpl ane

wd bsnBpeci fically, the envel ope of the hull fedi/os®os001662
faceted criteria of |low radar signature, which |
review on the right side of the hull, having flat
parkal spedified in orighval Ratest Appticatival 08/8dvs4 1B ombdedBgonstruction
conprising flat panels 138 inclined at about 450 to

methb&s WBing! dunapissitel babtaptped mb3a sheet bng/bratelddd ptat@9Ban be used

to the waterplane and top flat panel 140. Thus,

L I i8zdde hull presents only three
for %ghgllgé:vvolé%%ﬁe?tg%\gnﬁ 138 right, both inclined at 45,

et 307 e, SRR 8 R 08 b SR, taon
advtg{n]ra%,%t q?fel?sp L%fﬁﬁg%@&ﬁ&g{/gf §é§q§ed{ e ,ciqllﬁg%thrﬂ]\r%H%% (g)’f ipgefabricated

extrenely stealthy. Fromthe rear, it's detectabili t?/
composite gheets, Mmarnewrlyweapd peskeeignetaliwhieh san bgsised in fjat elements,
and 142 on the right, and corresponding pair on the
andl/ariwith gentlesinglecuwatlre pabgls, Gaoiitain hytragdyanamigalrsinooth surfaces.
Wat er pl ane Centroid of TH Qther inportant details in

Fi ©righfaliFatéMAstichesn 08/a14ay{ 1 A1sd4pebifiel Figs. 208, 20b, 21, 22, 23,

40% of hull length fromstern, and the | ongitudi nal
f i 0 f ,
24, S5 FAn S M ol g Pl i ol Pl grymmatcal

a @Xnggm c stabilizing arm between CG and LCF of
COMgEYR™Hos = 7% of boat l ength in displacenent node, as
al ready nmentioned for other figures and which is a
r adi% Z0eyshows sy isemelishattam yisvefdirbcomprisipg fiatractaiglar lateral
di spl acenent ships, and is uniquely feasible with, and
sidesd2Q0 tange203, corvergimgl. atl bow 1204 matrigsigakarr plaothsm; tehflst triangular
margin i s increased substantially above 7% and can

bottoar206, With ceriterlinef20R4 dnd a ftatstsranegion@06: afitdpbhape, wittha wetted
143TP. 5r. Undersurface Shape and Construction Methods

triaﬁﬁlaﬁﬁofi@,a@@e@%@ggﬁiéﬁ tPﬂc@ﬁ@QW@oﬁaﬁﬁ% ag of conventional
specified in original Patent Application 08/814,417,

hullén,) 85{ Hxa@%*eféi&%&(}e wetted area and viscous drag.

Fig. 20b shows TH refined with simple construction methods to reduce viscous
drag by introducing additional triangular flat at the undersurfaces of the hull, modified
to have a hull with flat trapezoidal sides 221 and 223 converging at bow 224. The
undersurface comprises three triangular flats 229 at left, 225 at middle with centerline
222, and 227 at right. The triangles terminate in flat stern region 226.

Figure 21 shows a pure triangle surface development of TH in which its sides
and undersurfaces of the hull are defined by triangular flat surface elements 231, 232,
233, 234, 235, and 236 converging at bow 237 and terminating at stern region 238.

Figure 22 shows a shape developed from Figure 21, but more refined to further
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nmet hods using conposite, or stanped netal sheet and/or
wel ded plates can be used for TH al so wood can be
waitiosiozeds However, TH can be desi gned for | owCDE52005/001662
fabrication nmethods, taking advantage of its unique
simplicity of shape, especially with the use of
redpcef alscouat doag.coni®sundershdface, amdr iside psywacas ocrompnse main
sheet netal, which can be used in flat elenents,
quaﬁﬂ-d#lmguléhs@ﬁﬁdse%ﬂ R 3; 248 sad D49, betweden sbmeob whith there are
hydr odynam cal | y snoot h surfaces. i gi nal Patent

trap%%@ndél%tr'tr@éhg(lﬁér&éﬁm@]s?n@é 542 Wéﬁd Q% Félgéf whRRA.bIEAPin bow 248,
22, 23, © 24, 257 26 and 27, wt hout change (except

nov§ 8%?\@ Hgaét a&?‘}‘g@lé‘bg%& élmg{:al% AT tﬁ@lra e of volume engagement

COTTEC rons an |1 sonetri

ercinit S5 SHE R IuP fq{'gO{ag WORReRs 24 2#3 243, 2?3@@? 246 extend

a flat triangula bottom 205, with centerline 202
reappardly fqwards gdiat tfaélfioah 2586”' lite derthapbowp;vertical \ﬂé‘{yt feq clarity of
triangular profile, as reviewed earlier, transcends
drawdng - hiesk Upperdienls sofface adiaoenbtathe transom is nowt atrerryamgle 240 to the
excessive wetted area and viscous drag. Fig. 20b shows

forwatd dddknsutfagd, iefining ® rearard sabitdangaahizdsinationadgide surfaces
vi scous drag by introducing additional triangular

241f | Bdr @ésetcrf%oﬁeﬁ@étw frRERBIr@D2 kitinits|24 20248 fdn%vefnoz44 could be

have a hull with flat trapezoidal sides 221 and

recﬁ%@‘éegsr ?I’r I'Qx%ﬁﬁ Igrggﬁ%é‘}atlggge gtﬂfﬁ@@:{a? BE@%&ag ?W%H dﬁ?c?sst of fabrication.

centerline 222, and 227 at right. The triangles
termnate in flat stern region 226. Figure 21 shows a
pure triangl e surface devel opnent of TH in which its
si ddgurestyishowea yariatioreef Bl inehigh, whei these areeiactigal restrictions
tr| angul ar flat surface elenments 231, 232, 233, 234,
to mBblengthd apd@Mrdurilvbeginn@uah ddelign mi&‘s,tc&raﬁaﬂablmgodt length for
stern region 238. Figure 22 shows a shape devel oped

dod;((i) 5/05%@%1&}3%?2 f&ﬁ)”gljagggg%?ﬂ%bééé BHoF ich mbhy\Wdpact on water
length and/or righting moments for a given displacement). It may be necessary to
modify the TH archetype of Figure 19. For example, hull shape shown in Figure 20
meets greater displacement for a given maximum beam with a modified quasi-triangular
arrangement for a given maximum beam.

Specifically, in Figure 23 the main component of the hull comprises a main
triangular body of length 254 extending between bow 251 and the triangle's base station
252 in the manner shown in previous figures. But, in Figure 23 the hull is now extended
aft with an aft body of length 255, extending between triangle's base station 252 and

stern region 253. Note that although the extension is quasi rectangular in planform at

deck level along 255, the submerged undersurface remains flat with main triangular
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reduce viscous drag. Its undersurface and side
surfaces conprise main quasi-triangular surfaces 241,
WQ@3®5/024% and 247, between sonme of whi ch ther ep@r/€52005/001662
trapezoidal or triangular fairing strips 242, 244 and
246, all of which blend in bow 248, now extending at
surfage abgippn2bls 256 ame:2 §Erdrdfedt near triedgakar sbfacaitempbnents 258 and
vol une engagenent per unit of tinme as function of

2500 erfdndindd #&RorR 980, 243, 244, 245 and 246 extend
rearwardly towards a flat transom 249 of little depth,

sh W‘@pé’(ﬁ% Itfbﬁﬁlr 25 YH Aowh :ﬂrF’lg%LYreo& |sqﬁé\(‘k@g)f ngﬁ:a'i‘Bpgﬁhed raled

deck surface a jacent to 't ransomi s

40 t r war d uface f|n|n
Wms"i"sgﬁ aaf #nd 2e2 P‘?smegﬁ?%{rafede?ﬁﬁwaﬁv% ECS@"sms?Hegyhe fan-like
. 8 g e of co strugéé , E?ure 22 e] enent

SUbEl?ZQQQ owiigif @lppg sgraces an%%59,rt e ecPrYg'I‘%@aé'r"Q\ﬂé@DU”SfoeCt'VG
hi gh aspect ratio, the principal gain being | ower cost

beapt at fa@nsmtzﬁenwnhogun@reaslr@htamcunetalputmllemblefoeam for the case of
whi ch, when there are practical restrictions to hull

verticah gﬁrhglatsd/ Ibthelsel winpletsralesinclines byl @si ahedral @gyle as on the left side
avai | abl e dock |l ength for docking, or maxi mum beam

of Figlirel 23 theyi dih Bé'?lﬁot%eéet & ted?fhydibhs %pbﬂﬁ@cbaﬁfbf the weight
water |ength and righting nonents for a given

oth%’y@% gﬁgg&ﬁéa IPy:_Zjhlf‘lle gﬁ%@gfﬁgé Zﬁﬁp é't'&ﬁ c?ﬁ %%apehgjd?‘ directional

hﬁ Figure 20 neets greater displacenent for a given
contrQli num beam with a nodi fi ed quasi -triangul ar
arrangenent for_a given maxi mum beam SpeC| fically, in

Fi dup&ofedl thaé imiiokre st A8 the submaegead undeskiiace bgveabeen flat or
main triangular body of |ength 254 extendi ng between

neablgflaf §lideddyisusfaceietargertsandaydradyaaniawaizsglanas hbeing triangular
manner shown in previous figures. But, in Figure 23

featubes, With décreasingelrbf eeidnciasing Eé‘arﬁfaﬁhte wardy nidves towards the
Iength 255, extending between triangle's base station

rea” %gttﬁ'@da fﬂo@éﬂergﬁgblwlo%éﬁhﬁzﬁﬁgfat@}ﬁbs r’g:tﬂ"]ée [erk IF@r tltge flow which

extension is qudasl! rectang

b g AP0, s s Face ol
PCF[hUS eQ/% é;?rg%gt(agf shapes using flat surface components reduces fabrication
costs and helps illustrate design features. Penalties are small by reason of unique
cooperation between the simple shapes of the TH archetype permitting use of flat
and/or single curvature elements to attain a reasonably smooth double wedge TH body.
5s. Some Special TH Shapes for Sailboats
Figure 24 shows a further variation of the TH archetype, this time modified in
order to meet arbitrary rules such as IACC: minimum girths, and underbody slopes

which require bow and stern overhang from the waterline length at centerplane. For

TH, the stern overhang can be important, as is exemplified in Figure 24, developed from
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surface conponents 256 and 257, and flat near
triangul ar surface conponents 258 and 259, extending
wo ooospzmrgom 260. A special feature for TH showCT/0S2005/001662
Figure 23 is the use of vertical or anhedral ed
wi ngl ets 261 and 262 at the rear and of the hull, to

23. eSpdcifidallpNBedH archetypecet@ndd o mairs hblﬁbb@yéﬁnbﬂowti ifedrfl bow 271
al ong surfaces 258 and 259, thereby increasing t he

to Mskinuin Bebff bt TandieaBRE At ABEHL250 halingh?éenter line 276 on its

|ncrea3| ng its geonetric trailerable beamTor the cas

ol %?ﬁv"“%ﬂ%bébﬁs??éfn HERTh Y @%Sz%%@f;ﬁtdﬁ@%cememne
on @%pﬁd ulr%é:gmt lgpanetyeag%j Lﬁ@o ﬁﬁsﬂfﬁﬁ Orhfané1 urposes, no

ext ensi on 255 and the can al so serve for directional
moigdhan gppraximatein 2 edef"hlae 3 200mmysligtance 280 atan Af girth station 279.

subnerged undersurface have been flat or nearly flat,
Thegstedes Vge-shapad i planfem,do mnwswmmmszmmhanw@c rule.

having triangular features, wth decreasing draft and

I NFHigael 2@ shewsnasatchetyuzt Il indnestédpeasitisn fdveclaritgahaving lower

setting a favorable gravitational hydrostatic pressure

sur@cé%ﬁﬁ@leﬁ%gdr Rddf 290V, WA mdcﬁf@d Qﬁarﬁ%tﬁ’ﬁ\vbﬁed Vee or diagonal

hydr odyhani ¢ condition. The devel opment of shapes

v B 2 AP e PR LS i o
. b t bet
orieGeth ABe b Gealeipaife e dPaiGRy HEBaSfER P G caerasmg heeled
flat and/or_single curvature elenents to attain
watedingo Nating 2%bsuppartashctubelagenerppenei2 eff%@veédﬁek" area, but with

Speci al TH Shapes for Sail boats Figure 24 shows a
a déaeretbed huthweighton Tdfe hhb (Tehee)cokFiqee 26)is designed to be able to
nodified in order to neet arbitrary rules such as

oper&Aelindet Baimemgagingheft orAghthydesdyednie MR landy éone or the other

requi re bow and stern overhang fromthe waterline

halflo"? ﬂghhdéFsu‘H%%@ IRANG deﬂf Wh hiéh dé&%ﬁ%é?%ﬂ%%@é‘@laﬁ% may be

ortant, as 1s exe ed In

deswaglee ? e%cFera%@s r?y?arodynamlcally the hull's hydrostatic righting moment, or

otherwise decreases total drag.

Figure 27 is a unique developrﬁent of this writer's TH hull with a very deep-v
transom cuts 296 and 297 defining a triangular recess for flow exit at the stern. The
deep-V geometrically parallels, with stager, the triangular bow entry of the hull. Under
sail when upright, it has decreased wetted area. When upwind or reaching, the hull of
Figure 27 should be heeled to one side or the other, establishing engaged
hydrodynamic waterplane shapes 297a when rear end 297 is engaged by the water,
and 296a when side of 196 is engaged. A large weight savings and wetted area

reduction results from the deep Vee, with a large effective "deck" area retained by bar
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WD 2005/ 077745 PCT/ US2005/ 001662 23. Specifically, the
TH ar chetype extends on main hull body |ength 274,
wo pawsobows 271 to maxi mum beam at triangl e' s beGEUS1005/001662
station 272, having a center line 276 on its
undersurface. Aft hull extension 275 extends from
296sand netting”288a 273, for the centerline on its
undersurface has to be inclined by angle 276 for rule
ov efigareg2 P atspostesys speciatappanidages fpr Bii it wider kajl, comprising a
defining a 200mm di stance 280 at an aft girth station
rotading- fin k8& 29® WhidHscieBeshaped aldhqoé@fﬁ%dnanﬁoriglﬂféﬁd le® rudders
suitable girth 282 within I ACC rule. Figure 26 shows
i =l ar
299 aiy gbgéy%é}%ﬁ \]/yhi'&h |§‘\é‘;ﬁ§%g?gs égiﬁn%%rg%rl@ th%xgmple, 299b

havi n ower surface tri r an

wndlPge 15445 aedbsbh kot Gth FousrBRria g YAt cab g iing edge
of bpbria 29 and Fuddhr2ssBistiontd S rdtelpdlpate ABGHIB e figure, or clockwise.

decreasing heeled waterline. Netting 291 supported by
Rotatingfiar kf?érﬁ%’r cogld ke substituted: le @knomretating itargw fin and a large

decreased hull weight. The hull (canoe) of Figure 26
rotatimgdiapi diudidotationgeniviits dperatoygethetTeH holilat a frank;leeway angle shown

engaging left or right hydrodynam c waterpl anes on one

in FRdure28, aidiead oheld uﬁﬁalilééwémdﬁlt)lél,i WithcRsore 28R hYtradlPBmics drag

i ch decreases wetted area. Plraning nmay be “désirable

o B3B3 PRGBSO el i by s ap s

ostatic rig

total., drag. Figure. j s, a_ uni.gue, devel of thi.s _.
betyppd i S0 hindrufit HitFpdion FAE Ficke HEIEE oAlsoRno R Figure 28
and 297 defining a triangular recess for flow exit at
are it cefreppending rugdiarfoil/agalerasitions withy299a pel of thejwater.
stager, the triangular bow entry of the hull. Under
saifigwkdh sinomisghatmultinulhasingetwoeparatielvett lallsa3@h andhzd8 which at
upwi nd or reaching, the hull of Figure 27 should be

supkfsitiedl $peeaiRaarsi ssovd havenoWake intesfepdndesinithg viirggasfdhe vessel,
hydr odynani ¢ wat er pl ane shapes 297a when rear end 297

as dah 58888¢Hy :ﬂibdb'?& rﬁ‘@bﬁt{ternsa\i@@ aneP W@Utb’%@‘i‘& r&s d¥B1Fand 315.

engaged. A'large welig savings and wetted area

Theélftﬁggr%%ivéﬁ g)glptrggélgggg?gs%nﬁgsgﬁby-?g%emtﬁ@ h)‘?d Joﬁg/ﬂgmic TH benefits

are retained in full.

Fig. 28B shows a radically different multihull approach exemplifiegj with TH hulls,
but applicable to other hulls. Specifically, right and left hulls 310 and 312 have their
longitudinal axis of symmetry outwardly oriented in a toe out angle in respect to a
general axis of symmetry. As a consequence, outboard rays 320 and 322 have
diminished size and drag effect, with less wetted side surface, but inboard rays 324 and
326 tend to interfere tending to raise water level and drag, and increase inboard wetted

surfaces. This may be recovered by favorable interference at the rear end of hulls 310
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54 WD 2005/ 077745 PCT/ US2005/ 001662 298 and netting
298a. Figure 27 al so shows speci al appendages for TH
whpdosoumaer sail, conprising a rotating fin keet/ug995/001662
whi ch can be noved al ong arc 299c, and right and |eft
rudders 299b and 299a, either of which is engaged
and\R4R. sHowevgr,uihe muttiiulrofekigmA8R i egbippekewits| watet gitcelerating
i s engaged according to waterplane 297a. In that case,

propbBiver mebhs @ 30dgimwroas o dittdry rof I8 \eater fjetd detwa@fithe hulls which
should be rotated to the right in the figure, or

whé% epkMitRPal rdddvel cBlain' éhefgflcortht ©Pvayh 824 aHEBIE, vedsking their

by a non-rotating narrow fin and a |arge rotating

ten{iéﬁ'ér}/stcr Mcted<d @4 é?rleﬂ&r %d&lr@ﬁ{é’# H@Bwﬁtn—ﬂh‘tlw efd%'i:hng inboard

| eeway ang e s 0 . i nstead
R A Y SR R LN S g acn
o BalRda] B BomBHISEIF 5 CRoBRVRmAEd | Pe §|!?%§ﬁg9ﬁ€6'l$f@tlve flow

Figure 28 are the correspondi ng rudder foil angle
appsess BB, with 299a out of the water. Fig. 28A shows
a multihull using two parallel TH hulls 301 and 303

whikig. 28C is apmarar withlthssecEd hulis $49b 842, dvad 844 0bwtedso could be
interference in the vicinity of the vessel, as can be

conveffloRdl HUNBAHEH nb A¥e Rt LHds for@itheneasd ]{heQ‘Afob&@bdlsmn batteries
rays are 313 and 315 'The hulI's are driven

34 5!9(??14? elserdfng | necr g. ”f&%ﬁmhﬁ:ﬁ%r&)’ %%ﬂ)ﬁﬂ@%&%&we benefits of

ene are ret

ly different tih r oac
decBarii@praa A Ernd mstc Bor o8l T T R——
Specifically, ht and left hulls 310 and 312 have
mage xyith bQW@StQIdJLgWaTQ%T@”W eQQWﬁét ry outwardly
oriented in a toe out angle in respect to a general
Theafdllowirfg agditrenalremarka pedaseipueigs e28AutHoo argivermpse@llength and
and 322 have dimnished size and drag effect, with
wen%ﬁﬁ&hé@ataﬂaﬁdrﬂeoﬁﬁgtfraﬁ@n offers URRRRS Beri@hits tSZFH dincthat the beam

26 tend to interfere tending to raise water | evel and
loadthg9forAgiveA HURAG RGN RRG eRtrYRirgRe is halved, facilitating the more rapid
transition from supercritical to transplanar hydrodynamic regimes on both hulls.

In respect to Fig. 28B, the benefits of toe out angle need not be restricted to hulls
having longitudinal axis of symmetry, and an asymmetric planform can replace the
angle of tow out, or diminish it, it being understood that the asymmetric shape of the
hull would be symmetric in respect to a central longitudinal line.

In respect to Figs. 28B and 28C, the word “batteries” is used to indicate a single
flow propulsor, or multiple flow propulsion, mounted between the hulls of multihulls of

the referred figures, for example, the five water jets of group 332 in Fig. 28B, or the pair

of two water jets 346 and 348 in Fig. 28C.
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surfaces. This may be recovered by favorable
interference at the rear end of hulls 310 55 WO
WQ@OSHOTI¥45 PCT/ US2005/ 001662 and 312. HoweverGT/Ubm®05/001662
mul tihull of Fig. 28B is equipped with water
accel erating propul sive neans 330 shown as a battery
of lriefer new €0 Fjg:129 shawiega lohg deotearsT hhiud B60vwnechthe much shorter
operational recover certain energy content of rays 324
latexraldT A 2aulls 136d Larid862 fariing bl &imgrang witharrdquse coapemation between
| evel, reducing their drag contribution, reducing
thel thR@ah@lls dcrhpoRénteeei&fphfied iﬂQﬁégfolﬂiMnlt; Raddfédanalysis:
ef ficiency of thrust generation in that 1 n addition
no boundary layer fromhulls falls into the
power pl ant. The cl ean accelerative flow appears as
32, Fi.a. 28C i s imaran wwth three TH hulls 340,
chﬁrgthﬁgegfﬁ{%%lu—t gg{)g%&goul d be conventional hulls
with no toe out, since for either case, the two
Le hBEFuf si on batteries 346 and 348, each of the type in
Fig. 28B, which provide unique interactive benefits of
Be,dmane genteg hallaySadeeti ncreasing thrust. For smal |l er
mul ti hulls, the power groups can be nade with
v Lbat1®&70es of outboard marine engines. The follow ng
additional remarks pertain to Figs. 28A. For a given

Sp&¥E/ Eé'n'gtH et v ang = weppht, the catamaran _
configuration offers unique benefits to TH, in that

S éé}je:%qmot%oadi ng, for a given hull length and entry
pangl e, I's halved, facilitating the nore rapid

transition fr upergcritical to transplanar

LO’H?Qﬂqgélmé‘ﬂ?%ara%ﬁlﬁe‘ﬁg{’lf?ﬁ;th hulls. In respect to Fig.
28B, the benefits of toe out angle need not be :

Bo,rkeam iof cutbaasd hylls & 2h#88tng | ongi t udi nal axi s of
symetry, and an asymmetric planform can repl ace the

Lo ABgl=e125 / banbout, or dimnish it, it being understood
that the asymetric shape of the hull would be

Sp&edTEB krfots NsdrRe BeWentédr Rulcent ral 1 ongi tudi nal [ine.
In respect to Figs. 28B and 28C, the word "batteries"”

V/iﬁleJé%@ L1584 661 §13g5L Rolg Tl ow propul sor, or
muT t

i pl'e flow propul sion, nmounted between the hulls of

Ratl'of IRt & Lo = 350 /125 = 2.8

Ratio of speed / length ratios, center / outboard = 4.27 / 7.15 = 0.60

Lc/Boa =350/175 = 2, where Boa is overall beam

Important hydrodynamic characteristics of Fig. 29 are as follows: minimal
interference drag, for example, between non colliding principal rays 363 and 364 good
alignment of hydrostatic centers of buoyancy of the three hulls for good hydrostatic
lateral stability lower length / beam ratio of outer hulls, compared to center hull, to

decrease beam loading and therefore the induced drag of outer hulls.
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the referred figures, for exanple, the five water jets
of group 332 in Fig. 28B, or the pair of two water
W edos/03%46s and 348 in Fig. 28C. 56 WD 2005/ 077 7E&I/US2005/001662
PCT/ US2005/ 001662 | refer now to Fig. 29 showi ng a
long center TH hull 360 and the nmuch shorter | ateral

THTiel ipodtahceaiod tis tlep featace is indirédtlyredemiplifigdtii Fig. 30 showing
uni que cooperation between the three hulls

drag E0REEERARN i§ ¥EEMatilé ffnfurd Neuhrd {é)‘@h@ﬂ/s%@rﬂria@ igfsWth between
anal ysis: Lc, length of center hull "= 350 feet “LCc /

C
T . (= f / = :
speB ey iaiBe ATASEILR )8 el 180 acaian il gaaing bu
e s ofs BoFEREE AV kol BeBElo e SRR anc  or by
knots, sane as. center hull

decigasing-weighi, Bs-iBurye {-dragis regeeed.of | engths Lc / Lo
= 350 / 125 = 2.8 Ratio of speed / length rati os,
ceh differerdmnisoless favarable gituatios is=showo on the/ leBside-oBBnaran of
/[ 175 = 2, where Boa is overall beam | nportant

Fig.8/d hadiigearsiendeacastralrdisplacemeht Ruth 372itr & high length/beam ratio
follows: mnimal interference drag, for exanple,

to fARANRIWaEOPicP@hY | SAAS |6H iafraPRUI 87 81s35 s@é}ﬁ’d&@ﬂpeﬁ%ﬂn a similar

alignment of hydrostatic centers of buoyancy of the
er BRI TR ASHROMAIES A s BB bkl scuare
of scp%rétd?rash léwo\’/vnt |On qualitative curve (c) of Fig. 30. When operating at a
speed/length ratio of up to about 3, drag is not excessive, and decreasing weight has
small benefits as shown in curve (d). However, when speed increases to speed/length
ratio of 5, which is the case for hull 393, friction drag level becomes unacceptable in
both curves (c) and (d). Also, wave making drag becomes significant, due to shoulder
curvature in the planform of conventional hulls. Thus, the shorter length of hull 373 has
an inherent problem.

A quantified example of Fig. 31 is presented below:

Length of conventional center hull = 350 feet and its square root is 18.7
Speed/length ratio, V/vL=3
V =3 x 18.7 = 56 knots

Beam of center hull = 30 feet

Length / beam ratio 350/ 30 = 11.7

The outboard hull of conventional design has a very different hydrodynamic
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decrease beam | oadi ng and therefore the induced drag

of outer hulls. 57 WD 2005/ 077745 PCT/ US2005/ 001662
wdb®siompaes t ance of the |latter feature is indi rect/ig2005001662

exenplified in Fig. 30 show ng drag curves, which is

qualitative in nature. Curve (a) shows the drag growth
situadipneen speed / length ratios of 4.27 and 7.15, which

is large at constant beam | oadi ng, but when beam
Lengihd 125 feetdies squsredobyisi Mc8easi ng beamrel ative to

' ength, and / or by decreasing weight, as in curve

Leddthibe@hfeerh8ins @@t ds cenftirifulireny and | ess favorable
situation is shown on the left side of trimran of

Fi , ' ender central displacenent hull
v 3@@"5‘“‘?%35%#%'%‘9?8?& h/beamratio to facilitate wave

piercin nd.a | later hul | 373 al so of sl ender

Howeyer, SRE?W?%{‘Q;IEM ?é(trﬂji%e'n&?# beamratio. Theirfirst
problemis a high friction drag which increases with
square of speed, as shown in qualitative curve (c) of
Fig. 30. Wen operating at a speed/length ratio of up
t o lisbdiag leyeldtsgeed/engthaatie of byvior hal@734ds therefarg very high along
wei ght has small benefits as shown in curve (d).

cur’o(@VsiTFig V& revepatit had eneale Sidecarsp@eitfht ebgipared & ténter hull, for
of 5, which is the case for hull 393, friction drag

exdripiglalbsg eaR® (@hacceptable in both curves (c) and
(d%{. Al so, wave maki ng drag becones significant, due

to e [ .. l apt.o ' -
6, PIRELAES cENR IR R TSP AR SR LR Thes n i
i nherent problem A quantified exanple of, EFig, 31 is
31, FRGEn RaUE HEPD gt iRe IOEBRICRONBHAN e BPOKNSS) | Compared  to
350 feet and its square root is 18.7 Speed/length _
convgntignahdigplgcgmenthus343 8t thesamesiesd, Bergxample@stshown in curve
hull = 30 feet Length / beamratio 350 / 30 = 11.7
(e) in Fig, 30, but only in flat water. In normal ocean conditions, or in adverse seas,
planning hull 375 would have unacceptable drag due to wave encounter, and high
structural load as well rendering it impractical.

A more favorable situation applies for a trimaran hull using a slender central
displacement hull such as 371 in Fig. 31 at speed/length ratio of 3 but with outboard
hulls of transonic hull shape such as 377 in Fig. 31 of same or similar length as 373, but
with a wider beam. Hull 377 could operate at high speed/length ratio of about 5, but its
drag on curve (a) or (b) in Fig. 30 would be much lower than the conventional outboard
displacement hull, as curves (c) and (d) shown in Fig. 30 for the speed/length ratio of
5.

As stated earlier, the drag curves of Fig. 30 are qualitative in nature, as their

precise value for central and outboard hulls would depend on relative weights, beam
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The outboard hull of conventional design has a very
di fferent hydrodynam c 58 WO 2005/077745

wEnsB2005/ 001662 situation: Length = 125 f ertT/US1085/001662
square root is 11.8 Length/beamremains sane as
center hull 11.7 V = 56 knots, as in center hull

loabingsy dengtbfvesidhtl eatipsh andssifrilar mamcﬁeﬂstIQSSWUldngareavdependent on
at speed/length ratio of 5, for hull 373 is therefore

spaaifiy dBsigh chbiveg. Howeger( Eig. G0 dré wisefi) gukiesrfor & parsdvafhmiliar with

smal l er size and wei ght conpared to center hull, for
I
m“ﬁ?*ﬁ‘an"nm.e%'é“*hﬁwéﬁﬁﬁ"é@"e \oghisesiecit daeshoesal |
1 #ﬁ'ow%@fgs el B L0 e conaons
has( é?ep egdn r%{)ﬁ\e ecgm fv%{/ﬁ%])l(q"%g gv%ﬁc%truq Hra\lllpnﬂgé Ynch in case of
ocean cond| tions, i n adverse seas pl_.anni ng hul |

plaammg/wpaaf%wlwe@stcaﬁh@ “slryloade typs v problem is alleviated if
encounter, and high structural |oad as well rendering

thei winsrauapo'rtm the o utboardfralisrang lhingsd atthesmoalp fivri eaniple by hinge
a trimaran hull using a slender central displacenent

368 with ®ecin Rig, 29 1ot hirfged36S badallet pe @ehteanichof Rigl. @90f TRis type of
but with outboard hulls of transonic hull shape such

arréﬁ?é’%ént%e’é'ngfror%]{thre‘é?'T? Fiq 3. Boul pbeippliBaBR 1%730nventlonal or
but wth a wder beam Hul 77 coul d operate at high

t .
THP’? ?g An?ﬂ?d IHHIr.'Q_ Tﬂls%r%glwtg&sgeslm%by W wé/rjé A a(ri:’q'f %gﬁ ¥fo. 32: wing
38§ B Bhfs G 81 BB anovies My AL NGNS outboard hul
ratio of 5. As stated earlier, the drag curves of
38Fageents latesal pegantwave, 382 withaninimal slgm ivecs and drag growth due to

wave encounter. Hull 381 could be of slender displacement type, or alternatively,
conventional planning, or TH type. Wing 380 is mounted on center hull 379, which
could be of any of the above hull types, at hinge 381. Its angular excursion could be
powered by the lateral wave, and/or by hydraulic piston 383, or a combination of power
and damping by a hydraulic piston system similar to 383.

The prior figures 28 A to 32 described TH multihull applications to large craft, but
also representative of medium size craft such as passenger boat, ferries, and military
patrol and coast guard boats, by scaling down as appropriate.

Moreover, TH multihulls are not size dependent, and can also be applied to small
boats and man powered craft with or without auxiliary or emergency power devices.
This is exemplified in a kayak type craft specified first as a monohull, with additions of

lateral hulls thereafter.
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preci se value for central and outboard hulls woul d

depend on rel ative wei ghts, beam 59 WD 2005/ 077745
wEWsB2005/ 001662 | oadi ngs, | engt h/ wei ght rap¢DES208510h1662

simlar characteristics which are dependent on

speci fic design choices. However, Fig. 30 are useful

guiSpecificatly &ig S8sshowsaariridnahulimanpawered kayak tigesi gl 390 with flat

theory and practice, to guide specific design choices.

siddshandfacetddtopr eifares Fbr gageddfananafactureandner asdidnbly in the case
effect of rough ocean conditions has been nentioned

of d I?a)ff( | ncbpbﬁ d%l(ﬁlt ﬁ§ ShEWAGsBh 8hd Ydriratl3do \gllﬂ'kle manpowered

case of ~planning outboard hulls coul

o R B Tl e
imptgggln{)p q‘ﬁ% efogggg E@%qs&lﬁygjo& grﬂeé'ggg tq\;lm g[’ rg i Idg’ep waters

This type of .arrangenent, seen fromthe rear |n Fi g.

fronz the §tﬁmc¢rwb vithaut é‘é‘ﬂﬂ@ they hebhripuievigdn thigruniqueswayrsafety in an
pl anning hulls. This generic case shown by way of

emenganpy deep-vritgr ceaditinhndAnd@iBer isdhaialgityl obhaniarm tooexecute paddle
hi nge 381 to permt angular notion 383 while its

motidH PeaT @ Radrow cHbin aesaiiny th arml tooesdin veluse 382heiBdiy, while
m ni mal slam | oads and drag growh due to wave

reta?nﬁggrﬂo@éd rhddm ?@rllafé?é!ﬂ Habifitydrt éﬂtﬁe%%b,rﬂlﬁﬂé ?&&P@&q{ﬁontramo

t ernative convent | onal planni ng,

o igH'd ﬁfﬂéiﬁaﬁﬂbﬁ%“t'? B & é@w%%ﬁgg povantage

. Its an Hlar excur,sion coul d gome red C%he | atera

1S SW@QQ‘GFS' BMAth Iggs Atag gramtle dB?é‘? B %ﬁerwh 8 CO8RBY R&A syHace, due
of power and danpi b hydraul i c piston system

to thg mwahatmemanmﬁ@f%we %ull fTRRiineb diBensipps 8P addtkayakeaare shown
TH mul ti hull applications to |large craft, but also

belove py esndfedxaneplef nedi um si ze craft such as passenger
boat, ferries, and mlitary patrol and coast guard
boats, by scaling down as appropriate. Mreover, TH
nultihulls are not size dependent, and can al so be

Ien@ﬁ? (1965 mal | boats and man powered craft with or

thou aUX|I|ary or emergency power devi ces.

water line length =162

maximum beam at stern = 35

The flat sides of Fig. 33 can be generally vertical. Alternatively, they can be
inclined outwardly, for example, by changing the bow angle to 393, similar to 395. This
slides the deck’s planform 394 forward relative to planform of bottom surface, signified
as 396, thereby slanting the flat right side 397, and the opposite side outwardly, as
shown in Fig. 34.

Returning to Fig. 33, its typical cross section 348 is also shown in Fig. 35 as 398.
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This is exenplified in a kayak type craft specified
first as a nonohull, with additions of lateral hulls
wo beseafaer. 60 WO 2005/ 077745 PCT/ US2005/ 001 6BC1/US2005/001662
Specifically Fig. 33 shows a nonohull manpowered kayak
type hull 390 with flat sides and faceted top surfaces
Holverveg dsg 35 alsmnsticaws hirgedalateral bodies se nhance lateealcsdslgility when
of a kayak kit. Open cockpit is shown as 391 and stern

deplbye® Dy Wh ot exaripwesed TIS Ihaﬂcbmfeapdhaéﬁﬂeytofeﬂla@bes of kayaks and

supercritical range, the TH configuration as kayak

smﬁlfaf' %F{ft LPlE8s éHW Félfgct@c?ﬂﬁﬁﬂ $<?rdby @g@ hir?etchﬁt aX|s 401 substantially

easl |ty for a person to"c oar

ab%ﬁé%r&lghgwoﬁ gg ?ﬁﬁrtﬁ Z}%\%}X 4W0tciboeil§t nét(?Mglrfrége f;@ﬁ S%#gglswface 403
whid s SETS i ikdios. Howevsr, wh sm'%iehﬂﬁﬁ%dltxaayeﬁgfto be increased, for
enabling the armto remain close to the body, while N
exaraplgi 3t \gw Speedader stadianafy ©r i adversesias iitiis ydepieyeast to position

the cabin. This is directly contrary to usual kayak
40Q@ ewithyiits lowemsrrtdceawhan ideployedaadjacerd the hatedslepet 402Zhevhen 400
third advantage is snoother ride with | ess drag

is iI9po¥tibn 400, the eawterof @Joy@n*cP ohtH \Eraft Wil hiftasyh@fétricdilewhen the
to the very sharp entry angle of the hull. The inch

craftighR Iee‘?ﬂ?re@ileﬂ J&h#@/zﬁ& %2 e ge@e %’élér Mn%@yreg o(glgg moment

exanp over al

to tﬁ%&f%@aﬁﬁéﬁﬁﬁbﬁ R Vel rtbsShipfve B ufe feeiéd ondition

i ncLi ned outwar exanpl e, by changi ng t he
angl §- $@Shows Bl o ohihe Hiacy of 19 dewitiateraLsiaity bodies
Fgl anform 394 forward relative to planform of bottom
of ligr 3GretheZi0fretracted candinh. Riged eslyows the sametcraft withthe stability
right side 397, and the opposite side outwardly, as
bodibeimthendéployedB400’ condition.

Prior discussion of manpowered TH type kayak has mentioned lateral stability
issues and auxiliary or emergency propulsion.

Lateral stability can be improved for a TH kayak, or any type of kayaks, by
means of an asymmetric auxiliary hull, or “proa” configuration, such as shown in Fig.
38 with main hull 405, and a lateral or auxiliary hull 406, supported by wing 407. Body
405 should be small so as not to generate drag and weight. Hence, there is special
benefit for 406 to be of TH type, because at or near critical speed of main hull 405,
auxiliary hull 406 is evidently operating in transplanar regimes, due to its short length.
Moreover, it can encounter water chop of large size relative to its length and beam,

which means that the TH offers a separate gain, compared to conventional slender

displacement shape used for a lateral hull. The TH shape of auxiliary body 46 is
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Returning to Fig. 33, its typical cross section 348 is
al so shown in Fig. 35 as 398. 61 WD 2005/ 077745
wensB82005/ 001662 However, Fig. 35 al so shovwechiusmesi01662
| ateral bodies to enhance lateral stability when
depl oyed, by way of exanple, on a TH hull, but
spegified aebige300 al |l types of kayaks and similar craft.
Fig. 35 shows retracted right body 400 hinged at axis

401spubisicamnt Figl BY shalevhe e 9le enN@aftOZH el 40’53tsxdé’|ﬁ‘4mg 407 and
body 400 does not interfere with water surface 403

Iaté‘ﬁ?rﬂ)oﬁg}%%a h'ﬁ\e' or’i‘@éb&ﬂim ew"iﬁqf] 'ﬂber@oordmates and

stabilrty neesto elncreas for exa Iea
dmi%r?sﬁ(gﬁ %r%{lnﬁrg ést%?é%ﬂrg%owgreﬁdﬁgﬁsﬁut c%?ﬁ’d bétfeét%’gr a small ferry or

en d pl oyed .adj acent the ter evel, 402. \Wen 400
miltary, Hefoand FintGIRY & et Ceafbapn i f%u%nﬁﬂemfmﬁe
craft will shift asymT_etrlcaIIy when the craft is
heell be coprdinates @ndssictinas of lateral T kadylGyam shown in Fig. 41. The
generating a restoring nonent to the craft, for
X (exgitpdieal)iand Yngateral) @cetind€ss capheperaaseidfer afateédatbody of greater
heel ed condition. Fig. 36 shows an isonetric view of

bubyhdyofbr exXaniple, wikPaviaétor LptieaBbust Bnd the P edbrinate$ for a more
Ig. 36 in the 400 retracted condition. Fig. 37 shows

slegB@ 68@3 fﬁf %}é nfle, |thréefaﬁfg?@f ublt¥ 2. @O%p‘?éxh%télk}ewnhout change in

t|on rior |scu’

nti.
prlg?lagﬁﬂﬁ Tl?'gqjég ré%ﬁ%?%rsye %ﬁlgréqg cbgeﬁzﬁ&pe tendency of adverse
ropuIS| on. Lateral stability can be inproved for a TH
roliqyaxaterr! sgdy type of kayaks, by neans of an
asymmetric auxiliary hull, or "proa" configuration,
suchiga42shows a hH miirgarargwitmauhiliam or eroeigency prepelles the inventive
| ateral or auxiliary hull 406, supported by w ng 407.

aspiset of wHich shdegcribbéd below! so as not to generate drag
and wei ght. Hence, there is special benefit for 406

to tRe QlfseUT'a'iryd?S efﬂﬁ@aé‘@&eétpr%ellé%‘rarﬂ Air Fd fo‘f" Pr?&ﬁhg)flvater craft

mai n hul I 405, aUX|I|ary hul I 406 i s evident
is lﬁ?@%\?hw%?%%\(/ éé}?rﬂlt?&' rﬁegcﬁélg% sé?&e@{a 6!&% gﬂof]er use in swamps

anclj %Lgﬁoﬁ IWza errselugltjéll\glewfth hu S havnrw]gtrgctgﬁgular p[gnforms and large beams,
with length to beam ratios of approximately four. Air propellers have also been used
on ground effect machines, also of similar rectangular planforms, capable of operating
over the water or land, such as Hovercraft. Moreover, air propellers have been
proposed and used for propulsion of hulls of seaplanes, which are slender but have
wing aerodynamic lift at high speeds.

On the other hand, manned powered watercraft such as rowing shells, kayaks,
and similar boats have used oars, paddles, and even the interesting moving fins as

used in the very efficient propulsion unit of Hobie Mirage kayaks. All these boats are
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whi ch neans that the TH offers a separate gain,
conpared to conventional slender displacenent shape
wais@dofoss a | ateral hull. The TH shape of auxiP@BHUF2005/001662
body 46 is 62 WO 2005/077745 PCT/ US2005/ 001662
specified in Fig. 39. Specifically Fig. 39 shows the
slender.vi ew of main TH hull 405, side w ng 407 and
| ateral body 406, with the corresponding side viewin
Fi gKaféks §R@TsithNat BSatathvedalsB sonaferéd ehé isesHYaarih@propellers
a manpowered craft, but could be feet for a small
il t: I
po%?é{o%/ b)Q\flagt 'ﬁ'ol(t;],bi‘ ahy gﬁ{)@? in t%ﬁté‘ﬁ{e?ﬁﬁﬁiépflaﬁousaﬁgﬂes and even the

fer aces. e coordi nates

B L L TR s A L

can be increased fora | ateral bad f greater. i
POWELRARL P a3 BlerBRLKp PEVElRIEAt 589 ‘HE%%Igalﬁ%r'%t%[ﬂ‘!ﬁtthqe@df'c motors
and the X coordinates for a nore slender body, for _
whishltiyednaripe propefiars: &neserigysimpgdimentipeasouniedmwhen beaching

W t hout change in principal TH hull. The asynmetric
such apsnposvetted i agaft dvitho mazthec propetiesnprotaidiray belose the suiface of the
on a lateral sea. Fig. 42 shows a TH trimaran with

watstXhbimally Riqueiry BRIt the\Pbe Petractablel id¥@dé t¥Mplexity and cost to
aspect of which 1s described bel ow. The use of air

sudi erft.! q*h%y ‘QTH&S%EH Wa@ﬂgb%ﬁﬁgti@g% ?égtriétéastof%’értsg&ybé‘@dles, and

water cral nown, en restricte
a5 v TR RRPRPY 1A g TBcn e vt

rect angul ar anf or d | arge beans with length to .
of paantFasingle B cgdﬁv@'r ﬁQP\AJPye? Qi Progedlersy ippiovidesapgijary driving

al so been used on ground effect machines, also of
thrgstrwithabattery trowsiloh slepden cwafiis unprgredeated, unbbthetpragent invention.

over the water or |and, such as Hovercraft. Mbreover,
ai rHpnop thé presantirevention peptainxoieitieausd ofsastotighamic propellers, or

propul sion of hulls of seaplanes, which are sl ender
dudtell prayellerd 9 fRAEOALRATNE: refdirediito AOReFRBBEPnic impellers, in an
unprecedented and unique application for slender manpowered vessels, as alternative,
auxiliary, or emergency powerplants, using batteries which can be charged on shore,
or charged/recharged with solar panels on the surface of the manpowered craft.
Special slender TH boat configuration which provides new unique features are
specified in Figs. 42 and 43. The principal features of Fig. 42 are as follows: Principal
TH hull 409 support lateral wings 411 and 410, which in turn support outboard TH hulls
413 and 412. Rear deck 414 supports electric motor 420 which drives air propeller 415
using battery 421.

The large upper surface area of the TH trimaran should be used for solar panels

in the figured shaded area 416 (top of forward deck), 417 (top of wings), and 418 (top
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On the other hand, manned powered watercraft such as
row ng shells, kayaks, and simlar boats have used
woa0s/07pasddl es, and even the interesting novi nECT/US®ORS01662
used in the very efficient propul sion unit of Hobie
M rage kayaks. All these boats are 63 WO 2005/077745
of f&al/ddTR)Qb/dhatgd Battetien dden dfasmis oandpsafra tar obomtastrailer, when
have al so considered the use of marine propellers

stafBWEREEN kY bb86h "B WhBN RWISdIOWhe ThliRed igdn184 6 WIFEE18 have a

vari ous nanes, and even the use of electric driven

| el s s | 0 .
shgﬂ?)rw Qﬁﬁfér QH) 3 QB tlﬁ ?@Hﬁfze &.@furll%t éf%%@ %@Efﬂy mg?rlg?%%rpfng or late
re%w ring batter| es to drive the electric notors
R-drive marine propellers. One serious inpedinent

S encountered when beaching such manpowered cra
wi t Alseathewingspan |berf9|qﬁdowp\uaiq$gf°5ér|a@§p9ﬂeﬂ%m abaetehlese 419, or
the water, normally requiring that the

dowswads relstye tohul KO8 desatemapfternioon ray&ioébstsunoforeuample by tilting
craft. They al so add drag when notion is restricted to

hulbd09 oprthpadaichsor by teelrdd they h@binthestatedar d t ype,
though low in cost are very heavy, and can reach the

vei gBtausd aMpFIPlIER ﬁ'SnGb@dpér@ﬁfe W@Emé‘%ﬁﬁéfson@' ot used to

propellers to prOV|de auxilitary driving thrust

proﬁ%ﬁlé?r&ﬁv@ﬂv‘@éhﬁl slendgoriald Ay weesﬁp%%tgggy ik rter,

&Nt T nvent i t he présen

t t f d ! , .
Bt e pipaien Shoull usla bR e ogwﬁl.gﬁhe@s%motor 420s
aerodynam c inpellers, in an unprecedented and uniqu
powpfsad Rybatéariasct2 kmonatad atalovwrestion nsids the had, thus avmdmg need

alternative, auxiliary, or energency powerplants,
to himveng thaastressies. Atirashless nmudocisprgfesrenhfos igoeater eﬁiciency and cool
charged/recharged with sol ar panels on the surface of

rur{rﬁﬁg renperied Clght tweiGhtebattérics snéteas Thickslahetal hydride, or even
con

I guration which provides new uni que features are

soffipipuel Refiit SRHENS. Yo SRl AGHY' Ron eficiency
of @%geﬁgr d g?ecgggp}?‘@”quﬁﬂ&eﬂlgey%p llgAh]t%eléﬁ' needed |Fn Y Man powered craft,

because it needs to be carried, often by hand from shore to a car. Added cost provides
added safety, and with the propeller as in Fig. 42, there is no obstacle to beaching the
TH trimaran.

Moreover, unique added features are needed surrounding the propeller’s disc,
to prevent accident. A safe alternative is the use of a ducted propeller shown in Fig. 43,
comprising duct 423 mounted on rear deck of hull 409, with an internal impeller 425 and
a frontal louver or mesh 426, to impede accidental insertion of a hand, or air-driven
rags. A similar mesh should be used on the ducts rear mouth, which can also have an

air rudder 428. The external upper and side surfaces of the duct can also have solar
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413 and 412. Rear deck 414 supports electric notor 420
which drives air propeller 415 wusing battery 421. The
wo asoge7upper surface area of the TH tri maran shonis2008001662

used for solar panels in the figured shaded area 416

(top of forward deck), 417 (top of wi ngs), and 418
pahe¢lepynfbbliyéd 280290 TurtHer iRcreabiBasula OfHrtd 2ared. r ear

deck), to charge batteries when on route on top of a

car TRe f&IRird feafirk &fF th nﬂgtga 8teral MARGE sh8ivn, by way of
when rowi ng. The incline panel s 416 and 418 have a

exéerﬂglréggﬂvgyagif foPPné gxég" of ®i eé) p&% Wit hgﬁatr%rgc%fd é&él%n over and

ternoon

W Ngs ca rdsfo tra rtat nabo
acigsrgie 140, rdharacﬂ&m%% pumstt eatht%ﬁﬁf’rpeet?yedtpas fon of Fig. 38,
catch afternogn rays of the sun for exanp
Fig: 145 $hayvs Ralf iof 4o "%‘iﬁaqtﬁﬁ nosifion fopth (34 "Hé@f] ﬁ[;ﬂ%e‘*ﬁuﬁﬂd 43, with
in the water. Because air propeller 415 could create
deplogiieatrpatiod3 heBaviter retraciingand deplnyopntineethads ¢an use electric or
vehicles, it is preferred, and recommended by this
hydwahtieaccélbmtionaepedyﬂwfdrdargleoptdftsi on shoul d use a

shroud or duct. Small light electric notor 420 is
IOOWFE?E% BroRald few B/t 5t Pl fermforTH %Bhﬁ@@ﬁahbﬁ Using a vee exit.
i nside the hull, thHus avoiding need to have a

Thb" AR5 Hgkofhe @H@y@ 55 B SPRBARER s Otown in Fig. 47,
corapﬁawgﬁwo abatat tet%fm%%ﬁ%%%wa???ﬁ' ”Et?%%#@é@gwhwh occur at

mnlmze vehi cl e V\BI% gh efficienc ]
d'ffGﬁ@"!té; i 9“%6”@1@& thae fapa mc W'?‘P" Si@"kﬁ!?nf%m Eﬁé‘ﬁﬁ been established
wei ght needed in a man powered craft, Dbecause it
expeyredentaly b&he subcritital ﬂ@w@ncbmelsaﬁjngle@mpsmitieat wake between rays
car. Added cost provides added safety, and with the

43papgeldsedt differertiFdoude nuiriber ecdmparedabsih&dbeatsapercritical regime
beaching the TH trimaran. Mbreover, unique added

ofé%@hWe%sTﬁrs?eﬂﬁerﬂgﬁfdn%wroundi ng the propeller's disc,

The numerical values of the design criteria mentioned above are representative
for the hull characteristics reviewed, and may be adjusted for specific TH hull shapes
with full size weights, corresponding thrust line positions, and other design features
within the spirit of the invention and its claims.

The specifications and drawings pertain to hydrodynamics and TH shapes and
does not cover structural details of mechanisms, and because model tests are not
sufficient for determining stability of full size manned TH of unknown weight, or other
safety related matter, these matters should be investigated and determined solely by
licensed manufacturers, who have the sole responsibility in such matters.

Changes can be made on the drawings and specifications without departing from
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to prevent accident. A safe alternative is the use of
a ducted propeller shown in Fig. 43, conprising duct
wa2@sooumt ed on rear deck of hull 409, w th anp¢Truszonsb01662
i mpel ler 425 and a frontal |ouver or mesh 426, to
i npede accidental insertion of a hand, or air-driven
the ®aghingssnidveredristhesdlaimglobelifgshtion. t he ducts rear
nout h, which can al so have an air rudder 428. The
external upper and side surfaces of the duct can al so
have solar 65 WD 2005/ 077745 PCT/ US2005/ 001662
panel s synbolized as 429, further increasing solar
panel area. The folding feature of the w ngs
supporting the lateral hulls is shown, by way of
exanple, in Fig. 44, for the "proa" of Fig. 38, with
hand retracted position over and across the hull, and
hand driven depl oynent path 430 for depl oyed position
of Fig. 38. Fig. 45 shows half of the retracted
position for the trimaran of Figs. 42 and 43, with
depl oynent path 431. Simlar retracting and depl oynent
nmet hods can use electric or hydraulic acceleration,
specially for larger craft. Fig. 46 shows a new type
of stern planformfor TH configuration using a vee
exit. The flow below the hull now has different
subcritical pattern shown in Fig. 47, conprising two
separate sem -gothic arch wake planforns 432 and 433
whi ch occur at different Froude nunbers than for a
rectilinear stern planform as has been established
experinmentally. The subcritical flow beconmes a single
supercritical wake between rays 434 and 435 at a
di fferent Froude nunber, conpared to that for a
supercritical regime of a non-vee TH stern planform
The nunerical values of the design criteria nmentioned
above are representative for the hull characteristics
revi ewed, and may be adjusted for specific TH hul
shapes wth full size weights, corresponding thrust
line positions, and other design features wthin the
spirit of the invention and its clains.
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The specifications and drawi ngs pertain to

hydr odynam cs and TH shapes and does not cover
waehoosoteal details of nechani sms, and becausep@mDus1005/001662

tests are not sufficient for determning stability of

full size manned TH of unknown wei ght, or other

safety related matter, thes@laimisters shoul d be

i nvestigated and deternmi ned solely by |Iicensed

manyf act Art%rﬁsonYé"'ﬁulhﬁW’ n%@s@&h@rg’é@ﬁp&ﬂéh RYitH %o a sfern, and a

such matters. Changes ca on the draw ngs and

end it S8R sl pihe BBE A S peBBnatietized in having:

covered in the clainms of the invention. 67 WO
2005/ 077745 PCT/ US2005/ 001662 C ainms 1. A transonic
hul I having a subnmerged portion with a bow, a stern,
an @ﬁ&f@“m?lﬁi@!ﬂﬁwf@b@ﬁmwe a$ waéprdangban @@ﬁ@(u&ﬂiﬁcent said bow
bei ng characterized in having: an approxi mately
t r i angal kasevadjecgitaaid atermat er | evel with an apex
adj acent said bow and a base adjacent said stern; an
approximately triangular profile in side view when in
notion with apex adjacent said stern and a deep draft

an %gbﬂﬁ@r%t fr%nﬁgl@ﬁ g?&‘ﬂte?r? gﬁ% Wrenf |ﬁ‘?ﬁ6§ﬂ)n§}v}ﬁﬁ 9??)5 adjacent said

I ng r| I'ongi t udi nal

¢ LE?@P@%@%@%‘QQH“* SapEERSHAEEW. 28 [, Snconi ¢ hul

of claim1l further characterized in having a third
central triangular |ongitudinal surface elenent with
base adjacent said stern, said third el ement being

a downwahéagieg rswiace hagm talt eeft ledl tianguiar t@ngrtu@mal surface
transonic hull of claim1 further characterized in
haveleméntsvithibeinbases adjatentshid sfern and¢hesinapex adjacent said bow.
el enents, and in having right and | eft el ongated
pol ygonal

2. The transonic hull of claim 1 further characterized in having a third central
triangular longitudinal surface element with base adjacent said stern, said third element

being located between said right and left elements.

3. The transonic hull of claim 1 further characterized in having longitudinal
right and left side surface elements, and in héving right and left elongated polygonal
longitudinal elements extending between and connecting said side surface element with
the corresponding right and left triangular elements of said downwardly facing surface

of said submerged portion of said hull.

4. A wave reducing hull for a vessel having a bow, midbody and a stern; said
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| ongi tudi nal el enents extendi ng between and connecti ng
said side surface elenment with the correspondi ng
wo b@b7amd | eft triangular el enents of said dopewmEsmby001662
facing surface of said subnmerged portion of said
hull. 4. A wave reducing hull for a vessel having a
hulbbeingrdhdiractgrizedirehatieg:n; said 68 WO 2005/ 077745
PCT/ US2005/ 001662 hull being characterized in having:
(a)( @) a yetier@lyatianglilah WaBtbRineWdviid hptinted \dndtadia bt ¥afd bow, and
end adj acent saird bow, and a maxi num wat er béam

ad) aeedlimti Yald Hekim eBlactit SalPégfP| ane having a

gene y rectilinear verging sides extending
subst.antially from sai d paint end..t o_sai.d nmaxi num .
) e 8o ufelaoe BRVER BRsRLAT RECIRGaD Yerdiie, Sl extending
beam substantially smaller than said maxi num water
beaﬁﬁ'bs(tﬁ?t@&i fEp e PRtefyerd ip spid maximERwalgr Beam;
poi nt ed end deeger_than_the draft adjacent said
() maxsaid watatpiane bavingn midegdyswater dieaim subiptantally senadler than said
poi nted end being no greater than approximately thirty

t hr maxjpeurmemate( B8&; of sai d naxi num wat er beam
adj acent said stern. 5. A Transonic Hull having a

(d) S ubsaag G haQingi Ldvaft ddjacerl@%id FoiRtedRa M dedPtirithaMtheAdraft adjacent
stern and a length, with power neans to nove said hull

ing ﬁrﬁ\ﬂiﬁ{urﬁm raoeafrﬁréﬁd stationary hydrostatic

di spl'acenment” condition t0 a second subcritical speed

di spl.ac nt.reqgine .and tq a third faste er . .
©)cr T QAL et B ReumeR STcbring nocdiegteramapgeximately thirty

portion bei n({; fuorther characterized in having: (a) a

gen&Feg peraant &l af saidtreaymuie watehbearsiadigcanigald stern.

adj acent said bow, a wi de waterplane beam adj acent

said stern and a wat erpl ane beam adj acent said

m dbody portion substantially snmaller than said w de

vatgr pl aneTraAsshic Hull having a submerged portion with a bow, a midbody
portion, a stern and a length, with power means to move said hull in the water from a
first stationary hydrostatic displacement condition to a second subcritical speed
displacement regime and to a third faster super critical speed displacement regime, said

submerged portion being further characterized in having:
(a) a generally triangular waterplane with a sharp end adjacent said bow, a wide
waterplane beam adjacent said stern and a waterplane beam adjacent said

midbody portion substantially smaller than said wide waterplane beam,

(b) a profile with a deeper draft adjacent said bow, the submerged part of said

bow being generally free of depending structures, and a smaller draft adjacent
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(b) a profile with a deeper draft adjacent said bow,

the subnmerged part of said bow being generally free
wo@boodepemsi ng structures, and a snmaller draft pdj/as®n$/001662

69 WD 2005/ 077745 PCT/ US2005/ 001662 said w de

wat er pl ane beam (c) and with the draft of said stern

var gaidgvitle evategiaxbeatel y 4% of said base relative

to a static waterplane in said hydrostatic condition,

to substantially zero relative to the water surface

adj acent and downstream of said stern when in said

SUDER itGa le G kfal - 20| ' ;

v s i BRLERRR safd Lo SanfiAPBR apploxhyatily A said base
of ' ]S, ..havi pm | ar trian [ rplane. ..
ol ot Seu® b i o8B ReFontfioR, ft AFssagraty zero
rearwards, .and wWwth each said, nultihul]s havin at ) )
iy Ao e ualeris g adtent R parstgamOt saltsieEwhen in said
hul | no | ess than approximately 1.5 tinmes that of the
pr i sldhgsicahand super guiticabegimBsyi ng a body with a bow,
a stern, a longitudinal length, and a waterplane in
hydrostatic condition, said water plane having a
substantially triangular shape with a pointed end

adj gcent AsaulbdhieMaang aprivcR hemhnach REsal hdipvh 8hek Bf said hulls
said vessel further characterized in that the

ha\)(':}@% %ﬁlﬂh&nﬁ'iaﬁ’i@%\?\j ‘?%@E,@?ﬂe ‘jfg%%fgflﬁ é?‘\‘gpké%‘e\gﬁh ¢ow B8R Brward and

ter reglo region being upstream
of, sai

broag,.er%g?%&\téqt} a,;%r_lg %ﬁi ea%c:r?rsgllcj1 grmdl%lﬁ'sa}qg\ﬂﬁén & glr?y? lglivoevﬁ' speed, a
speed/length ratio of said outer hull no less than approximately 1.5 times that of the

principal hull.

7. A vessel having a body with a bow, a stern, a longitudinal length, and a
waterplane in hydrostatic condition, said water plane having a substantially triangular
shape with a pointed end adjacent said bow and a broad end adjacent said stern, said
vessel further characterized in that the waterplane of said broad end has outboard ends
and a center region, with said center region being upstream of said outboard ends,

forming in planform a shallow "V" therebetween.
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