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Box 1450 Al exandria, VA 22313-1450 Your Petitioner,
wWo\R@sn9@sAl var ez- Cal deron F., a citizen of PerPCT/US2004/004485

citizen of the United States of Anerica and resident

of the State of Calif . resi dence and
mai | i ng address is4ibrg.r w\]olla,
California 92037, prays that [nternational Patent
Mailgz tion be granted to himfor a TRANSONI C HULL AND
| r

) I RT 111) as set forth in the follow ng
g%”_“@g,@% Oif%au}-a)lieérﬁéé Technical Field The present invention

AlexdMaFid 3lA3§{N1 Mt er - supported vessel s such as commer ci al
and mlitary ships, subnersibles, yachts, hulls for

seqBlIAPRFtORS!, AHIb88o! AlvaY Q—@é’lﬁefgq Fg:é gﬁﬁgﬁg{e Iét%rijs é{f}%%n of the

boats in general, I ncluding opéra :
ey S8 RS o0 o 0 o Y e omeidonce and
mailfgeaddiess & 47040 GIRe, b dowh(Calfpiie 82067, peaysithal intemationsl
the Transonic Hull (TH) and Transonic Hydrofield (TH)
Pategp Ecoteiction ibe grantat todgipt forat i on 08/ 814, 418, and the
propul si.on, controls, and shapes of Transonic Hulls
speci fi ed TRANSONIC HULL AND HYDROFIELD (PART ])]
as set forth in the following specification: |
Technical Field
The preserit invention pertains to water-supported vessels such as commercial
and military ships, submersibles, yachts, hulls for seaplanes operating in and out of
surface effects, and boats in‘general, including operation of such vessels at high
speeds in adverse seas.
‘Bac‘kground Art
The art reléted to the present application may relate to the art in Jane’s High
Speed Marine Craft. In addition, the ért related to the present application may include
the Transonic Hull (TH) and Transonic Hydrofield (TH) specified in Patent Application
08/814,418, and t‘he propulsion, controls, and shapes of Transonic Hulls specified in
Patent Application 08/814,417.
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 Appiication 08/814,41 8), these have been designed

to have approximately equal drafts adjacent the stern and the bow, as in conventional
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Pat ent Application 08/814,417. Although certain

vessel s having triangular hull planform shape
wappanensdy simlar in sonme respect to TH haveP@EES2004/004485

prepared in the past (for exanple, those cited by the

SRR S Se o SOERLEE, B A e v
proxi teI equal drafts adjacent the stern and the
teaqiom, MLl It CERMARENin Aharing QB0 Fiemiand heunebis approximately
Patent 61- 125981A of M tsubi shi Heavy | ndustries
trianggdayiied planforniare appediodtalreyyal anddhe samehasaidkaidy draft. In this
stern and bow of this approximately triangular hull

theyplotlofved reaslier desigroziiteinebyeeasdar back tb¢hatadte) 85 Patent 23626 of
m dbody draft. In this they foll owed earlier design

1858 Nhiehiafso &S uél@raﬁ%@ﬁo@ss@@tarﬁmwb%d aft
23626 of 1859, ﬁl ch al so shows equal draft atl“?egaeepstem drafts

WIthﬁgéé‘bg?%ﬂmeﬁérn did% {%?‘R%étlﬁéfﬂ b fts wth broad

stern aree ‘icient. In both

he a -nentione aten at i of the center
of USRS Fedie BiertBRH Ratsts, tﬂa}ﬂfaﬁl clihs eenigeotbuioyancy (CB)
ocatjon of their centers of gravity E woul d be, by
of theérarsldls gnditherefois ml@pﬁﬁomﬁﬁﬂ@mwnt@mo gravily (6G)weoyld be, by
close to their centér of planform areas and
reasmatdithéia panfainsoakd eguabdrafisngt oudemalloseetu teirddenter of planform
flotation (LCF), which is at 66% of water line |length

area@fdnmatdaplah@wels@mdn@am & mcgﬁtb&hhal d:éntéﬁsﬂﬂot’éhbﬁ IgLCF which is at
prOX|mty of CB and i s usual for conve tio

e Vi AT AT e 960 O mghp%xnmw o
oo, 8401 12, SOl R P 060 b o o
conventional hul I s is not viable for TH, because it

consigardap eftastsot GBeanst Chulacaliph Rniuiag atsider femdsd anetior. n

pitch under fast notion, when subjected even to a

mi inoespécidh paxémily beGSe CleautI L& ¢ haee dizcaved that their proximity

simlar to a phugoid self- sustained oscillation
as in conventional hulls is not viable for TH, because 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

adds drag, as well as volume, to their design, and the drag issue is not priority for prior
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of aircraft when its center of gravity is close to its
neutral point. In a ship, such oscillations not only

W0 p@se2Es0 dr ag, but are undesirable for structRPCEES2000004485
cargo and for passengers, and may be dangerous. Such
fundanental problens are serious. The M tsubishi

art. patent teaches a solution to this problem by neans of
a bow bul b. _Thus, it m xes a bulb technol ogy which was
devropiastadil ard J&bpliApplisation 08/81 44 18hmeke anatallyadifferent and
different type of hull. This adds drag, as wel | as

innovativersplutiont hedombiieas, gmtheasubrnbrgeadt portios oiidH, @ dedp draft forward
priority for priorart. In contrast, TH and TfH of

andApshalon d et t@&h&léa#%nﬁﬁh@rrﬁalta%ﬁitédtufhlfsﬁfﬁf@églgﬁ%uld consider
i nnovative solution; it conbines, |n t he subnerged

dangéfc#}sq,ihtﬁfa THhel%rﬁ% g%?érﬂlaiﬁ BBl urgﬁé'l Wsed However,

e rear HOFITH arc Itec

oo Bl APEFSRT AL B DS B vt e
follow ng nodel tests, this vvrlter confirmed that TH

tendensiss AN SIStRERIned anadrianidiiar RIABKIEY eEhad &l selution renders an
deternmined on a triangular planform The TH sol ution

inheremidtisianga befineer hCFdird aanter bé bueyandyGhditidrefond bas af center of
buoyancy and therefore has a center of gravity

gravitybsbandntadily yaredrpdf tie 1T L (Rorddveeoter quamiative aspects in the
quantitative aspects in the relation between CB, CG

relati&i ’be?\ﬂgeﬁ'tc% ncey gkd%'féﬂddj‘iﬂﬁﬂgtﬁggnlgydéﬁgﬁeﬂ S’IC é{\fé{]a%.covered in

inrelation to 1a lve t "abl

e ith,reference to .
fe'afa% B o & BRMROR and Sh{pSLEA T EieieBt {0 andwith reference
and the stern's hK hodynamc conditjon in the
to the giRiinetipps balvesndne e rastatcsterneanaition ard ihe sdomds hysfrodynamic
the present CIP patent application in respect to
condition s the stperciticalsamd suberitidatFegics;s, @B, isadehefrf dwt present CIP
static draft. Furthernore, these key relations are
pateesbpplidegibadn respeeetoiraiseof disinges Detween LCF, CB, 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.
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relation to the hydrodynam c drag consequence of entry
and exit flow angles in its various speed
w0 e@sieEsDi scl osure of Invention The present | PUENS1004004485
speci fi es new uni que design shapes, features, and
met hods of operation which qualitatively inprove and
extend the scope of Diszlosarsohimventidn TH and t he
transonic hydrofield TH i nventi ons of previous patent
appities préty. inVBRt t R PESSEE! dd Rl
T P o e P e e rcpRsy Jpatures, and
; : r range .
e 1 SRRt e intioe PR ERTER 8Pa g the transonic
hydr odynami.c, r eqi. eyond the_preyious
i FY e ARG U FRRER T B lote ReBrevip Siatent applications. The
di spl acenent nodes, nanely: the hypercritical, the
scope ghili ArRsent yiventine i syagianzed helow: t hese
i mprovenents, a single TH hull can operate with good
ef fli. ci. edfuyextepsioa df éheepsiadiedabgmard emvelbpe bf THhg/ewasrry broad
woul d require two or three ships with different
Spe6q naeyd inenddsd by meant @f nevedadign chaGRAALS @8l new hydrodynamic
di spl acenent ship at | ower range of speed and a
i h Qe Sy 2.

o T BE pTaTo0g o Malohd phBere TS fipadisnacement
I acteristics. and, shapes .above and bei ow .
modtt el T PerFBicRT B AR SSERA Ardainer Sraiimas: Wit these

. successful gyperarggn over. the broad speed regine in

IMProye Sse8ddle It BHlsRD opesate; with gopdrefficienap oxar a darge speed
wi th special |ongitudinal distribution of heavy nass

speefBipovieh stherwistewould raguire twoaoh trreeahipswith differbnt emrdlentional
weapons. 3 . Athird feature of the invention pertains

hulls; forspeen e, sbapamtiohal displasémeaeshipelicWer?angd 8Vddetd and a vee-
| ocation, location of |ongitudinal center of

bottérhQraldriithlaAig MAIfbPHRyHe 8fSeds.

2. Another important feature of the invention pertains to hull characteristics
and shapes above and below calm-water waterplane which are critical to permit
successful operation over the broad speed regime in adverse seas, preferably also in
optional combinatide Witkh"speciel longitudinal distributien of heavy mass components
inside the hull, such as engines,' fuel, end 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 importent features of the invention are its hull shapes

which have inherent low detectability by radar and other sensors, as well as a wake of
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of flaps and streaks needed to nake feasible and
enhance and i nprove the performance and
woracveivas@bi [ ity of the transonic hull in cal nP@EUS2004/004485

low ?féghiﬁ?\eég oﬁeﬁﬁgﬁc%rstgﬂ Iﬁgﬂb@&%’@% ét%ﬁ ﬁtphgrgaﬂtlgg‘?%ﬁéghull which are
h h t i d d

nevgrgi\é%elgég cgrgfonqng:lq wggeegﬁ Eh)éqr miqasoarﬁqi gg)ogﬁquawor in adverse
thermal content, which yields st eal th properties to

Seag.he hull which are neverthel ess conpatible with
ef ficient hydrodynam cs and good behavior in adverse
sed$us,Tthes newnhveetion ris eart ednveathen siealttwd@nisenic hull capable of
stealth transonic hull capable of operating in new

opeha\tgﬂg spaed Ry shéad thydesfidie Tegiméd &f tthansamddhi® Wull, which now
whi ch now i ncl udes the hypercritical, transplanar, and

incldid<L @ Fﬁ)ﬁaelrgl"i’lr 2] fTBhd ;ﬂéﬁ% ahBex Eé%hééf ?Blesﬂgﬂﬁﬁgtthe hull of the

|nvent so re erred to i ertain i

es &% TH: 11 L. h f|eI is T
pre<ERE U g btuPlsh [STob P, Ko TpreCan: THRvaRt GHses @ THH and is
i mprovenents applicable to TH and TH 11. Because the
brogdanesk hyrofigldy i did-Uha ibRedrapodiments of dhenpieseshigvention are
to incorporate in a single vessel each and all
imprfoyements applicatde todél afd Thielli nvent i ons and
i mprovenents, nor is it necessary to incorporate each
of Bebansé thelnveation isbadeindlesseifal itos nef nééessary to incorporate
Drawi ngs Figures 1, 2, 3 and 4 are exanples of the
in ?P@I%G a?ési ol @@ 4 Ly ?eétmé%ma'n@n mé'ih'ogé‘ngf FPIH@”M\/gmions and
e 7a, b,

present invention; Figures

f o) d | es.
mertfgnis s MR Nad b AL e ST 5.
for TH and I ACC hulls; Figures 13a and 13b di scl ose
the TH1I1l and TH 11l in hypercritical regine; Figures
1l4a and 14b disclose the THI1Il and TH1I1 in '
transpl anar regine;
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Fi gures 14c and 14d di sclose the stern profile and
flap; Figure 14e discloses the conbination of the
wae@snofisap and profile thereof; Figure 15 di SBCDESR04/004485

the TH 111 and TH 111l in X-regine; Figure 16 discl oses
the stern and side flap for control; Figure 17
di scl oses the Thrbﬁw%ﬂml%sfm%&awmam at er al
flaps for control; Figures 18a-g disclose the TH 3-D
shiigeresol, 2pkand doare exantivles of treepsorart ralatsal tohthis invention: TH,
operation; and Figures 19-28c disclose further

and plineiwrehTHl efite Preswhtunesntpsoci ated with the TH and
TH of the present invention.Mde(s) For Carrying Qut

Theigl st ) r goaNgh f asent _
RS TR T & o T2R0E28 B4 ol P RPRER rempres:
princi pal . characteristic f conventi . hulls, which

e/ GIDP snBAPER g reBHink beBecAiad end VAL 8N FRLRIbIACE hulls:
and in an adverse sea, and exanmning also the limts
arfigpiasehia and dshx displosaithe mbl-llsarmHlkhbl inHeipercritical regime;
hydrofields in Patent Applications 08/ 814,418 and
087igaresida and 114bhdistiosetiss hi-Hoaee THUM inithsHéplahar regime:

sol ved bythe present invention. 1. Characteristics and

PIIQLRE 4 2fPUBNIILABEE Hidiblein phdfie BrdfgRsary T or

thisS review to separate t conventrional Hull designs

by-.hul | es in cordance.to their operati-onal speed
o Ae BRRioeR s EF SoEE iRt ol Mested Fess apddvotiahereot
type in ternms of weight-to-drag ratios as function of
sﬂ—‘g@éfﬁt'lﬁ disglasesdbe a‘gj-llbaad TebHEind$regimegget her wi t h

their correspondi ng volunetric coefficients, which are

i Figwet16 disefosesnbe ststhrld sive flapForpshir&l une
di stributions responsive to their

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 6peraﬁc§n in ad\)erse seas and
ﬂeaﬁhopemﬁon;and‘: | | R |

Figures 19-28¢ diéclose further embodiments and structures associated With the

TH and TH of the present invention.
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speed envel opes. la. Displacenent Hulls. D splacenent
hul I s sustain boat weight by buoyant lift. As designed

w0 pooshgoipast and present, they have an upper SPEEUS2004/004485
limt called "hull speed,"” near and above which

hydr odynam c j ce~(dra r t a high

exponent i al r@'?ﬁe?$)2€°%9%ﬁ'a‘i'@§ (%étoﬁﬁe g?‘be."tl‘?rgThe "hul |

sps_gld" occurs when the | ength between bow and stern

wav &€ PRIHE: 30dSaapearidther BResEnh iNvVENtiAN 9ad be detteatunugrstood by

chul'l equals the geonetric length of the hull. This
revigwingdbe srntipakshiarestesistiosinbcarventignaliast Whichatdve cefitain serious
~ boat speed in knots divided by square root of boat
inheremtgirbblems imedalicuates ahd3d anRidieras S8 MndEkArirdh§ also the limits

very efficient well below hull speeds with

and Wsdtehtialt 6f drr@ohrt halOTTIAVRRd XAGr KdrbH Iggguﬁllcﬁ’rﬁt%eﬁpplications

speeds, the efficiency ratio increases

08/8M@! AeSands/BYS S, 1?”", ng?ﬁc‘ﬂ £8E Q‘gefcoé}ecreg)ﬁ%%j éﬁqvm%y%%\ﬁéiew the present

rehali ns const aht Wever, n

. 1eir weight-to-drag ratio decreases rapidly and

'nveé@%mes physi cal ly and economi cal ly unagcept abl e.
Ther ef ore, higher speeds of displacenent hulls is
at {-ai nakharastenistics AndyPgplems of &anvgntianal Hialisgt h.
Unfortunately, the speed advantage of Iength is not
| alt grenedessaex torihis, revisey trosspErhte’ el dorre@gBhaltiulPd&gns by hull
foot hull is 9.5 knots, but for 300 foot hull speed,

types tini Scattisngs 1k Nwies opBRatiohdl lspeR@ednvéibpid. |
intrinsic of displ acerErent hul | Sp% becg\l’élgﬁ%%' tﬁglerer\‘,\‘,{f{,lgpes are

expr?% Rl 8Bh ARG ég Frﬁt%\gﬁénc;fr\‘/ﬁ%g$%@8@#ﬁ%&%ﬁ§£g§?&h%§gf speed-to-

e., "wave makin t
by th |l t trjic | th of
ena a0 S Gt oae BEGRE thelfedtiRandngalidiascostiients
. critjcal.. The increasi nlg size of bow wave with
which AEs Bdigaiye op ewitathat serface and Welumir diptributivhs respmngive to their

speegee%rvellrroipdeg?dy’ | eaAdi}ng He

1a. Displacem‘ent Hulls.

Displacement hulls sustain boat weight by buoyant lift. As designed in the past
and present, they have an upper spéed limit called "hull speed," near and above which
hydrodynamic resistance (drag) grows at a high exponential rate, for example, 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
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i ncremental sinkage of the hull and an increase of
hul | 's angle of attack. There is al so the additional
w@2kagaswi t h speed i ncrease due to the curvat BCBEUST004/004485
the hull below | ocal water |evels. The increase of
; f t ack. i npedes further, K speed increase unless
h'gh\%%’%fégr %E%‘&?&ra%pg{}%ﬁ?ﬁha?ﬁlzéer?QUEWPI%“&)Balrtsrr@r@mt- However,
wave and ept er@(ig"h@| gl anj P‘g reginme, the l[imtations of
nean, i oG hhll speed.shel skeighkiosAraghratirdegieasesiranidiguand becomes
waVe- maki ng adds to and can exceed friction drag, and ‘
physieally anst gcanamically pratdeptabie. fMherefors drighus: splecti!df digBacement
transportation. Accordingly, considerable research has
hullsbee attdirable prinaipallysHymeyseasiny eiaP gtk UhteHnal e speed
with only mnor inprovenents. For exanple, a bulbous

advégﬂagéraMeﬁb'trqawowa%@f B8S& A8, fMe r&ﬁﬁﬁwg{ ‘muﬁ%ﬁﬁgﬁ” atagp foot hull

| so, long slender”hulls are |ess sensitive
i gY" 0, :a ve ot her probl ens,
'° 9_25 h\l/)vlfgi Ibgggorrcjg/q%\?/ggaﬁgp gég’olﬁ 1S ﬁlﬂgﬁéﬁﬂ?@?-pm
charagteristics. of .di spl acepent hulls which cause and
dgﬁé‘? rﬁ]ﬂgsw‘%‘fﬁ'rﬂiﬁ @{‘Jﬂ%ﬁé’@ﬁp@%m@ﬂe@dl%@@%b@ﬁ their wave
are avail able in various sources (forexanple, "A
generaiaPrsRre/iesasl thayittanstateNovibe veitep By pleave byakihd™ $Vhen the

Professor Philip Mandel) and is summarized on the left

lengtiadwayks Biegsratad apdhethuTbecazkthstdeonfitric ReRgh 88 RMeas shown
covers speed-to-length ratios of 0.8 to about 1.0 or

in Fig, 2 fthe siammencbatorRBs Rgitice!i Chhd ingeL; L ,
9huII speeds” of 184, ML ta?@h%ﬁ?(\é@gﬁggeglg%’e%ﬂsbw wave with

. gg | 't- i n |g€ﬁ " ed" f r exa | y a .
re 886,896, oS, et Wb 3P 150 bl P BlRoafs v o
: anpl e,, the s|lender destroyer operating at
'”Creﬁﬁeé‘é Rl Slels theﬁé‘ﬁi%‘d@” ngtrAse1ofull spegle of Bétaskse&here is also
ra_t_i os, descri bed, the required size and wei ght of
the agditipaat $1Bkage witspesr dntrease dusytd tioel gnaaiterepafdbe Gk befow ocal
propul sion at the |ower weight-to-drag ratios becone ‘
watenleaetseptiabireréase ohanglessiattask dhpetes $iitis speed increase uriless
very large power is available to climb over the bow wave 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
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Accordingly, there remains an urgent need for

i nproving the high speed efficiency and range of
waele@plogiasmnent hul ls, at | east within their curP@mnuUS2004/004485

speed limts and preferably in a breakout above those

practic o). ut i I S, hee eci al |
oxairpl, oA GoPe Rl EyaiiRtstal okl g Birieg b e stippéessor Philp
|',‘\%l \(j%'}?ll mts conventional hulls, w thout recourse to
Ma IsoHeNMAyiaed @i leftside PhBigs1B.aml dniTie bpérational speed
There is a wdely held viewthat a different type of
envﬁgpﬁ CO\Z@HS| &ﬂﬂiepﬂ-mﬂengtﬁfahbs of 0. %I&H’Olﬂ\/ﬂl@bt 1 |1S'0|" commercial Sh|pS
supported by a hydrodynamic |lift force from nmonmentum

whicthangd bessw thesit thal spéedshdiud@miilitd ) shi Or?at/ Q
the speed limts of i spl acenent h rP Peand e Felopes that

incldée thing rs%@b@” KfBﬁbxéMS}é ¥ Gulkh bﬁipﬁ% 1 @g%gbg %v«%@%%ove “hull speed”

Actual ly, while p aning permts
I t el
cor SRR 10l Rt g AR B ppeapout 1.
I The | ‘
Aboxe%ﬁw%me@%ﬁ#%%p e@r%tlt%i Shlebired she 'agaé&&.a@ofmnvem.onal power

ynam c drag due to nonentum change, shown in Fig. 5

plan’fsoan@l thydregdynanmig rrablenes of pvopdsion patathienigwelr 'weight-to-drag ratios
practice, these hulls operate at angles of attack of 3

becane Gnadteptable foc itk wisgibihs bbthd sigpsati o for optimum
flat plateplaning case is 19 and 9 5 respectively.

\WIRECAHH Fref StHE@ Ireln$aiAg daf Jr&eﬁtyP?QH PfoWl?rﬁJ)}'atnR {h%cﬁtj:gh speed

is that planlnglsagrossylne I ci ent r odynam
to
oo 88} 354 40581 SRBREREyt e P el RIRLEN o 2t sppacits anc
t. sides of Fi This is |less than half
prefetrﬁglg o r83isaut e op 35}5@ tA Pragticg! selutien ioneedrss especially

faster, and only 1/ 1Qh (or less) that of a

if it iypkle t@c@mlﬁﬁtmmaweﬁnakmgag@@@bt@' typenghichriedits, cdnuentional hulls,
bel ow, hull speed. The operational speed envel ope of
withquit s@cogsé b convertidyes hydwsynbiric pranig.t he ski -boats -
and

1b.  Planing Hull.

There is a widely held view that a different type of hull, called planing hull, in
which Welght is supported by a hydrodynamlc lift force from momentum change (as
distinct from buoyant lift), can overcome the speed limits of displacement hulls, and
furthermore that they are efficient at high speed. Actually, while planing permits high
boat speed, it doee 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
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simlar sports craft which bel ow their planing speeds
(for exanple, below a speed-tolength ratio of about 4)
WO e@aiosEs@a nose-high attitude with | arge wave- PERUSZP04/004485
drag in displacenent node, a condition simlar to that
r st but Jonger hull in Fig. 2.
planﬁho oug% ﬁéﬁgégo% g'fyeb@i ght-to-drag ratio with
din Fi pears to be continuous wth

| n %%{%Y'ﬁﬁogi)g@@ is @dded de HynamicHraghibe factis Mt planjng is a grossly
sides in Fig. 3 are not continuous, but discontinuous
lneﬁggelﬂwbﬁﬁ@@b@%ﬁ@ rﬁgﬁeemlnmlthasbestd’aﬁpmbeabwmgiﬂcﬂo resistance is in
pl ani ng - which have di sconti nuous and wi dely
the diidef ef 6rib Oy @swstedwni ondhefightsidns of Fags B%nejlaﬁ.arrhhs iS ¥¥than half
in Fig. 4 . Thus, on the left in Figs. 3 and ,

that &F é@h@f@ﬁ?@ﬁtriﬂédoﬂ OYnﬁg apsut MIM€§%§§F’%¥'\W&{I 4/13)?!’( gcgréess) that

an operational speed-to-length envel opé Trom
Q'Sét%e”*%‘“é‘?n“'E@é?“"%%ﬁh‘%ﬁ%h*gﬁgﬂ%?*%s oRf e <faf specd. The

which the_corres | umetric
Ope@ﬁgﬁﬁk et Saalons 67 RBrNE B 7erhesteABBinnigd byting i boats and
. Jfor sl owtankerst)) to about 55 for destroyers. In
similap §PPHS Crafb whighebeloyniheyiniaring speeds (fa example, below a speed-to-
pl ani ng hulls have an operational speed-to-Ilength
lengthatatio of abdwt 4) ideuiref a hose-high lattitbde avith (b wadle-mBKing drag in
with weight-to-drag ratios of about 6- 8, and with a

displebrigsit hades %eééhcﬁtl@rﬁltslrﬁfarqg‘?l"{&t SH¥WA ﬁirqne‘i%wegﬂ?tﬁhohgqer hull in

evidently mich hi gher than di spl acenent
g. because the latter are nuch |onger. The higher
'vblunetriccoeff|0|ent reflects the fact that planing
abl e of

de ns i nt ended r nor
o AT st TSN bTE-Satonih Shagsdn ig:3 appears to be
whi ch their | ow weight-to-drag ratio woul d be
contigrgHe Biithiin@easingaregdtte-lanatpiraietbeaieftand sghtaides in Fig. 3 are not
revi ewed above, the displacenent hull has a
continaees nbii dgscdnbmmaertemha/ﬁa ahditppe esfsiagissi-+ egpiacement and

wi th speed near and above hull speed, in addition to
plani@§ — which have dlscontmuous and widely different volumetric coefficients, as is
clearly shown in FigT 4.‘ Thus, on the left in Figs. 3 and 4, displacement hulls, if one
includes destroyers, coVer aﬁ operational speed-to-length envelope from about 0.8 to
1.8, inwhich 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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approxi mately constant wetted area generating friction

drag which increases roughly with square of speed.
wadb@seodsmg sources conbine into a high total PCT/US2004/004485

exponential drag growth near and above "hull speed”

' ih Fig..1. As a result.,. operational
coefbieRfraRI e ot Ral bEniiodSiafs SinactineABBhtar orare capable of
shi ps and _.sonewhat bel ow two for mlitary ships. The
SUStB'é’re@e‘?ﬁer aii? PPBLET balowt “ullispeiegnin whick theirdew wight-to-drag ratio

wave- maki ng resistance, often referred to as residuary

wouldelg profRitive seapssed to displdasthentdudisher ni nor
resi stance conponents, is shown in Fig. 6 . It shows

t hais ratiewed ‘sbolve, theatigblaoémenBAulmas atviae-ARYf drag component
resistance is residuary - nostly wave making drag. 71 n

whichyifceisas natforgMP WithSépedd heaPlana| églﬂ?\iéu hL sglé%wg Erg aQdition to an

dynamic lift roughly equal to wei , and
parcInT QBRI : i.ani ficant
apprg¥|g| e Fgf%r%tg%@k requ?i%%sglg%%@gi;tfﬁ%éﬂ% éiﬁ% Yvi]iﬁ’?‘i INRfeasRy roughly
: ul degreasing friction dra ercentage with
with QB8 sheBdr S HeRR B8 solidaLarin NGt & BTt eypenential drag
Wgﬁ)re, vvi(}h | ow wei ght-to-drag ratio of the order of 8
growlfi neasand abe\e Gl sRepdnwhish wasmirowspisdtigt b- Aeagesult, operational
rati os being an inefficient transient condition, which
speegdttodengihaaties grepatmoutweiedot carmdreigl stibs and YemeHat below two for
hybri d vessel's attenpting to m x displacenent and
militapy 8hipsg hul | characteristics of nonohulls have been
proposed in the past. in an attenpt to arrive at a

SITHE BeBhP distRSUFRPEP lfri%:tﬁi'iﬁg \Eﬁiﬁéh?g rﬁi}%\i@iﬂ%—%ﬁ '98 \éggistance,

speed envel ope, unfortunate f €S
ofer PR SR eLEh AN <bfa g ol QR e el Snpsresisance

urvatures at

comp%rﬁ%n%s, Is shown in Fig. 6. It shows that above “hull speed” of 1.34 more than
60% of resistance is residuary — m‘ostlyrwavei making drag.. - -

In hydrodynam‘id contrasi, pure planing hulls, having a dynamic lift roughly equal
to weight, and a high dynamiq drég component dependent on a significant angle of
attack required for vertical equilibrium, and hopefully a decreasing friction drag
percentage with speed, operate ai speed-to-length of order of 3.5 or more, with low
weight-to-drag ratio of the order of 8 or less, with 6perations 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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the bow, causing suction which sinks their center of

gravity with forward speed (increasing their apparent
woweioghediso and unl i ke plani ng hul | s havi ng nostPgT/UE204/004485

undersurfaces and a CG which tends to rise with

: t 1 -pllani ng hull usually has a Vee

with @W@?nﬁgﬁg,&g%o@sg?é%\ﬂg‘é%ﬁ b%é% 'gns, IS heavi gr than a
ure planing hull. t hough the sem -planing hulls can
Sei%r gt emiZlappgdidisce 019 a "flat" vvgke atghi gh
speeds, their lift isW%enerat ed by a conbination of
budpbife disalageaiamd hivlls ibickeravenpwardlscumned sterhk and curvatures at
inefficient. These hybrids are | onger and have | ower

the bowpmeiusing soefidn eilbch st tieid centdrhos graityd Wi fRward speed
hul I's, but are neverthel ess nuch higher than for

(incréasinhaarite Hpparéhts weightp hawa, uhfke S3{ahRLE
m ddl'e of Fipgé 4 . %Zorders ofe teﬁﬁeI kggﬁ%fﬁmng mostly flat

undetSiifad LA de A iich f’e?no%etg'?isferv%fﬂ gdgvr@?%%é%%%gg%v semizpianing hull

appear flat and join together a

starn neratj a trailing "hollow' on the
usua g Vs b AT i a3l issirer rduer i mperplaning hull
Vi oint of a fish trained in hydrodynam cs, as an
A”“C\Hﬂ%sﬁ%wﬁﬁa@grmﬂlﬁ ganl gensratesihgeappasngnte phariflatiatake at high
of the dynam c waterplane of the operational
speegdeithepilifiris ggnaiated b aeootsinatidr oftaloyseiey Bhariynantietdrees, which
is an inefficient hybrid: at slow speeds, it has

is inhexersthshgHiciBrAg TRES®RYIRIIS SredoRgsichri ﬁa}éﬁeﬁ/@?})ngﬁn#égt}ic coefficient

It requires very |arge power to reach sem -pl:
oy B o, Moo AR CRule, R R elielend oukd, hlRg than for
. d - , I - pl ani hul | i d h id
dispiesERE 3 3 e d PrrrtpieoRLReBIIIa AR IE dror e

S vvortray than a planing hull. However, it has a
rgﬁ@n'%?r lersiof thrawakesiof seadsnaminghulls, asiselnifears an aerial view,

favorabl e sea keeping characteristics, and is
appeabflaeand idih yogether absdraefdistanos behirchthenste, igeherating a trailing
applications. 1d. Sem -Di splacenent Hulls.
"hollow" on the water's surface, which can be interpreted, from the viewpoint of a fish
trained in 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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As length-to-beamratio is increased in slender hulls,
wave- maki ng drag decreases. According to Saunders,

W@ b@adersadi spl acement power boats were commobn PCT/URE04/004485
1910s. Later on, the German Schnell Boote (fast boat),

hayi,ng raoyand- pottom hyl |, was successfully devel oped

as¥gn S—gﬁg}s{%&ﬁpgﬁwq‘?nt'ﬁgplﬁorm ng wel | at high speeds

in the rough North Sea. However, as the |ength-beam

s| Badenglisio-pgam ratio Jsninareasesc bhsiendsyahslls, swaveirhaking drag
increased, the lateral stability and payl oad capacity

decregsésir Aheordifer tce@senders nslehderedisplagemenit pSweR BobWER: common
shell relies on oars for lateral stability. Wth a

in theergg0b: tLetdeam thetGentdin 8brméIl BBotd (Fast R _
resistance is only 5% of the total gt Wots,ﬁ%{ound bottom

hull, Wa éﬁ@b;@é’éfnﬂ?dé’\?@%é@% SniSpoAY f¥¥ ?\R/-VISIa?«%’@&r&D iﬁg&ﬁellplat hidh speeds

appropriate conparison In alrcra
; aj a i a W -to-chord, ratio of 25. It . .
n th%at]ddyge&g{t ]éﬂ %?awe%\&gv%g%gr@% I%ng%bg?mﬁl,eng?”@slsi habie of semi-
. the speed. .In the linmt as the beam of sl ender hull
displggmet fcats & tihes aoareed « BRdSiaralalaniity and painad capacity is
vi scous drag subsists and payload capacity vani shes.

furthae dee@asgrly | Inr theeaxtreroeehodvman wwihggheadlpetids on oars for lateral
sem - di spl acenent: boats have proposed a mxed |ift

stabifityde\Vithsa fengtiotploesnt adtier of atssut @076t vaslli-ikinsg FetidtBRce is only

sl ender hull, to generate a hydrodynamc |ift

5% ¢TARBesENkt 3 k*hio%zedut%e\ﬁéiigh?-’%d;d%gﬁﬁggioﬁygggéﬁprgwately. An

buoyant lift conponent an

0. ke ofh o f,com ngs of . the sl.ender. hull
appr GRS oS8 RO 85 BTl S5k S o-chora

. andlor a tendency for nose high attitude and its high

ratio @f 28- dLean gPey 32? at peighi-toytag sakio phA0salk timesrthagpeed.

hull s, their speed potential is |ess than planing

hdnitee lignig asnthe beati of sfengerr ghtll- apprheahes szanof waeeydrag tends

sati sfactory, -and in consequence, payload is not
towatds zgro, Bt Viecms tiregyspisteanti pay®eri capacity vanishes. Accordingly,
recent development of high speed semi-displacement boats have 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 advant ages over sem -plani ng near or above
"hull speeds"” and are | ess sensitive in pitch, their
wewplgsehapes appear to have an inherent si zBCT/U81004/004485
as wellas a | ower speed potential. 1le. Additiona
esi stance of nohul I's Due I n Adverse Sea Conditions.
as aﬁﬂ@'@?ﬁ?%ﬁ?‘){%’\){b@' of nmonohul | s revi ewed above have
different responses to sea conditions, which sets
cr 4&i al AddiianeResistanse of Menphulls Deefln Advesse SearConditions.

nost practical operations. This is an inportant
suBjevarioss typesiaf neemolanild reldewed ebove hevaldifférant espbnses to sea
oper ati onal speed envel opes and i npose structural

conditibgfit whithl geteesrupiahatititieaaliirinits tartteft dfficiembiesaiRtmost practical
significantly nore adverse than would be the case for

opefiiiohensTIas is @ ﬁ%’@téﬁﬂ'é%ﬁ&ﬁ%iﬂb& r?’tgcé)rﬁ‘la)ﬁdfd’éeé:%%rrug'ial limits of

water. In this witer's view, the drlag and strug‘
ope B 455 S oSy T35 Ul AN ISR plcpmngies whic
are ety St CABEAES ackBierihah i Be e sape daktlesigns of the

per haps applicable at slower speed envel opes for ships
samgdulligraperaiing pniyifonaglss waier. whi ch have i nadequat e
speed margins relative to the propagation speed of

ochathisvawriter's Migweothey drddhand retruct@ray peraBiesfin an adverse sea for
conventional ships would penalize their performance in

displReRRHt At %Bﬁiﬁﬁéﬂﬂé‘éerﬁ@ﬁ@ﬁulﬁ‘}éﬁbm%ﬁ in 'thei? liﬁ?ﬁ‘érggfhlﬂ‘?Jrnfavorable

speeds were otherw se attalnable convention
i s . nt. [ s. Qobviqusl .
onof 8P EEEORAFyaEMS Sh3 Bt BER TR Al Pser R R U Paciiona
enal ties of displacenment-related hulls in a sea is .
and E?B}ﬂaﬁ %t&“icﬁa% & slower $Q‘%ﬁ9[;\@r|“§ﬁ19l?e$ for deRigneg te climb waves
into the even worse penal ties which planing-related
and whighshasecipadeavaterspaedatergineralative todba paspageadion speed of ocean
wel | - known "sl anm ng" in an opposing sea. Sl anm ng
waves: c Uklsredven, - thiasheniat aallasesfusonventional ships would penalize their -
performance in respect to the higher speed envelopes, if such higher 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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| arge increases of angle of attack relative to an
oncom ng wave are encountered, reaching off-design,

WO 200§/0dEs@e transi ent angl es, which bl unt speeRPCHIO004/004485
enornously increases the structural |oads and meight

v bP UM gt et BT AT TaRe g e various types of

n huIIs revi ewed above- i Iudln added resi stance
MONPRUES kyigweg @b %\@@'PPW@&%@ %I%?ea'ﬂlaesq&‘eteaﬂe so serious that
efforts have been applied for the devel opnent of new
considgrablaurgoent affors ligivettsien applied fos thaidevelepmient & opw multihulls.
of this docunent on nonohulls, a fewremarks are in

Althougtethis fleldds butside theyscwye oithis) dowieneit SIPIRPRIENS, a few remarks
hul I s of a catanaran, wi dely spaced laterally for

are lﬁtcﬁgé} | A>banh§f"\ﬁar9 ‘h@ﬂoﬁ“ﬁ@ﬁééf di'kt)bécgﬁ?é?“h ARgs O?Qdca@érﬁaran widely

bei ng used at high speed for various comercia
{
s 0P34 0232880k LTI IS, B s
ion 3B 81 kR b AP B ek B 485 o Blviton o
vol unetric coefficient than a nonohull, but has two

theirgigmeatiici eoefimignts srade decsniei since fhmrefarettwqmgis each with half
rati os of nodern catanmarans are not readily avail abl e.

the \eigt the| efsiill Ength estiénes, esadiaset s ansioat |fadorR@e volumetric
and operating weight indicate that weight/drag ratios

coeffidichi®a@r &l eforhuliObar Bad 6aSshLE HuRs. IFUbiShES 'T‘hfo%éﬂ?ﬁ‘%n lift-to-

i ght catamarans at speeds of 50 knots and ratios o

arag b oD b Bekit SR BRIRGRSS AT, e

Ir overa

a rat s, are not high and are e to those
estinfiiof Baserioohunytafe, Bo%el g hPerER0 sbeiang iehcatp dbge weiahtidrag
than for conventlonal monohul | di spl acement hul | s.
ratiospf Hg erdler Ra Y0 REw Eeasibie far lacarservi-plening lightwatamarans at speeds

structural gains, and they
of 50 knots and ratios of 16 for 25 knots, but with very small payloads relative to their

overall length and overall wei’ght. These weight/drag ratios are not high and are close
to those of planing hullé, 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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al so have large traditional buoyancy reserves forward,

but only on the center hull. Recent multihull trends
W@e@sexpboring trinmarans with a very | ong di spPE/ER®NL/004485

center hull to retain a | ow speed-to-length ratio of

he hul | ., with |, narrow, lateral hulls at .

sea%i gﬁ@g‘ﬁ{? 48 BIRG: ﬁ“?'ﬁ@% e oﬁ\i\i’ s?rbbtphﬁlb'y,suaﬁ@@@ primary
. _support .a wi de deck. Wave-piercing nultihulls may have

d'SP%\C@ i foRLgaolhTI¢iRgnwEh ReNnaltiesdn iwattedbaion and speed.s,

provi di ng the usual |arge buoyancy reserves in adverse

sedbese nulifuildavelopmentsansi ather nighispeet ddll eéseempments (see, for

SWATHS are also nultihulls which rely on totally
examaplenelpet pligimBpeedi MalriaecOrif) hale SBORY rberéndIfe,f&r'icl:’clé’blt1189 special

penalties in wetted area and speed. These nulti hu

Comﬁ@féilapgf‘ﬁmt§ry3é]§bli@5ﬂ@ﬁs,mié}hiﬁrﬁﬁgqg{g ﬁlta%/g??% gﬁi&ﬂ?@g%cturers for a

(see, for exanpl'e, Jane's H™gh Sp
. he e I eSpeci al noer.ci al . or
new Mo SEHGRT SRS bEef SpEERNG PP RS shceield TH and
manuf rers f.or new, nonphul | desi gn. Such has been
TranGRRIG LR fiy2non paR et Abpjkalons OB Hhd LandPBRIen . capable
Hul | TH i nvention of Patent Applications 08/ 814,41 8
of effigignbopgiatiom in7sukgiiligsl anafsupbtiriicahspesds asidefined therein, with
subcritical and supercritical speeds as defined

drawirrgs iei wihichithé wirtenienglsis ishowhi iafcalmeomaitins! evel is
shown in calmconditions. 2. Transoni ¢ Hull

Craar act BransbhieHulPCRhI SRS figtes. ﬂkgliéét%n%% Blfg %?15'81??417.

stated earlier, to understand t nature and scope
pr i i R ess toseview. in . .
D55 Sk BARRS 8B Rl AL e gt nion, e
limts and patential of the transonic hull TH and its o
also REGEPRIATEI Y g Hen i\%@?? PRI IBmse/ aprwentignairhulls, the limits
08/ 814 417, "which precede the present Application in
and ppianigl ghithe transont Ryl TH endelts dfydrefiald tEH off Patent axpplication
tests. 2a. Characteristics and Features of TH and TH.
08/814,418 and 08/814,417, which ‘precede the present . Application in filing date,
including a review of results of tow tank tests.

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 tria'ng‘ular 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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The TH is characterized in having a subnerged portion
with a triangul ar waterplane shape with apex forward
WO poospgitisec and i n dynam c conditions, a triangPdHIS2004/004485
profile, or nodified triangular profile in side view
m nimum draft aft, and

Wt h Xi mu raft . forward an
narrgyy Sﬂ%\’n??r}é’@éﬁﬁn &ﬁ"@h'ﬂ‘r"ﬁ%@e el"‘éﬁﬂﬁ"qu"qu #aplasad ger unit of time, and
. vertical to the water., Thus, the subnerged portion has
indugeshasial infkesyd undetiasydiow, faverinoiiowistibdactiamehicareliminates the
entry angle in planview and a fine exit angle aft in
convenigdnal avavieemakifyusatterh eof shsptecerheiithuld) dnidtaiiows for new types of
associ ated hydrofield TH, is characterized in absence
hydrafyasnic fagehaworBe ABK ofgery Pod GRs é%ﬁnéén%%h@cﬁbf mjdbody trough.
m dbody, or quarter curvatures in planview, they Rave

TH hgﬁiﬁ féQ/Wréadléréﬁtiﬂéwg?p‘%kgbih?%ﬁﬁomﬁgﬁ\g@f §f ite %lnglg‘resurface;

i spl aced per unit ces

j r dy £l ow,, favoring f|ow subductjon which

favorép@%%ﬁgtagggg%@8%%1#0%&{’F%%%{ﬁe%cé%&fﬁb% HgViiong! pregeure gradients
di spl acenent _hulls, and allows for new types of

on th?}bHEﬁﬁ%}’é@ﬁS&“’ﬁ%‘?’ %’P?@ﬁ&ﬁ%rﬁ‘dwd@ﬁ'%m@fém@aédt@i@ tgrahckeliminate
absence of m dbody trough. TH has a favorable

stern yavie, pnd faveys phermaoyeneomsieshody enengymawelbas tHas from following
under surface; favorable contracting streamine on the

seas.si des; favorable gravitational pressure gradients on
the hull's |lower surface; broad stern underfl ow which

PREYGRAgI! & Gfary AnBBRa 1B 6 PHEARY WRY G AV iy prior

the recovery of” under body energy
o) j S or.di,ngl .a . very. i rtant feature i
PaterEAL NN 188 1 2501 MR g Lo R A 8P WA maling
Agp%l i(N_ﬁai on 08/814,418 is the elimnation of the
sourcgs|fg EPesfh PRemHaME ST wakerr withini it digplasement mode, thus
oEerati on in'calmwater within its displacement node,
prevephag of éedHeinggthe higduexpanartial hisgh afx paverhiaRingr idsey which
of wave-making drag whi ch characterizes conventi onal
charabtgrizes neaveatidnalbhuks heear randnabbve RRER- “hufissgd B ABeExplained.
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 componerit 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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previously, nom nal "hull speed" is 1.34 when

expressed with speeds in knots divided by square root
wo@Roobogitisd ength in feet. In this speed range, POT/US2004/004485

exanple as in Fig. 1, the wave drag conponent of total

.dr ag .af .conventional ] r ignifi I n
o A UaBE RS LY e BEReh B SR o st sine
. manner, typically by powers of the order of three or
it ha?rﬁrotlfarb\é’ﬁé{tﬁxﬁgaﬁﬂ (Wuﬂ" hasgieatly eedraeddarmngiag aperause it has no
Froude nunber range (Froude nunber is defined as speed
curveehswfagestersigaificandyineyeaseslosglandthesefore Bvegraae dynamic pressure
acceleration times engaged water line length in feet).

alongrits eestteidf surfeeepr i nci pal sources of wave-neking drag
growth with speed are renoved, as is the case of JJH

Syl 3 R0 BRSPS o £k ABEALDE BB nar an

abo R0 UL A FAFE ek  HEAE 0 o ony e
at the stern since it has a clean water exit, and (b)
secofilpRiEr 81 e, TharisBRCrBISN EPaiplioRalimage 1 eharagienged in Patent

curved surface to si %;i ficantly increase |ocal and
Applicatiers 888 141 ged dpndi.4 1pirs figered relafedtts thetsupdrcritical and
surfaces. Summarizing, it is the objective and feature

subcufical ldpseds dhatgyampleain THar and above its "hull speed"
while in the displacenment node, its total drag grows

Wiet h orfthe WhRe§ 8GABEe P&Y@Fr%fapgd}%gﬂ?aﬁ&gctdﬂs?ﬁlﬂﬁ?%en weight;

operational node is characterize ent

Appl i caty / 8. /814,417 in its figur

ot eq HEGMRisL Hoftesh P s R Bhrad abitoiiP s 4T the tateral

For example,.in TH. The tted surface renains.
wetteg Syrige Rralps RRIPXHRAEN; Consiptle PSWei YIRWN ThEIGm E and 14 of

_.flowgn the hull's sides continue as small rays, and

origingh&pphgation 088 ¢ &d & @nflace renmi ns approxi mately

constant, as is shown in Figs. 13 and 14 of

. The undersurface of the hull-has an approximately constant negative

angle of attack to the water surface, and actually contributes a forward propulsive
pressure force compoﬁent, which is opposing thevretarding‘ pressure components of the
water acting on the submerged sideé 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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original Application 08/ 814,418, and The undersurface

of the hull has an approxi mately constant negative
w@n@beowfo att ack to the water surface, and actPREl/U§2004/004485

contributes a forward propul sive pressure force

co on ich is 0Si ng, t.he ress
had ea%‘@qm Bt cBAhGE Al BBRST At 08 el SUrbhelyES S pied to have
TH, . as is shown in Fig. 13 of original Application
no sebﬁ’eﬂ&lahrbawﬁj The drag grovrsrh tonthepsaoiisk PAWAN Famtanghoccur in the
2b. Tank Test Data of TH and JR Curves from tow tank

absetre:etof@rowthTef wavtreakieg dagewitiiindhapgreetbhipegk. Ahe csitioarspeed of
in Fig. 8 of the present Application, showing that, in

a cémergiopar aiullt iocalrs éghare, thwleﬁgtrbepemeear th@orabwt Iwelve and its
speed corresponding to the critical hull speed of

I A o e

y w th seco

test, during
of Sp%%eﬂ I'(h lggf"{ec gﬁ‘gﬁgﬁg mn%%srggrk%?)ecant change and
bo tonra S|de mettg éfurfa was _obs rveq to have no
léﬁ"‘c?rYt‘? FOrBRANRRN, RTEE RFNGVIRIAE & ©BTingd letarpational America’s
omer can only occur in the absence of growth of
Cup m&smdk(ucagoa paly; A ehpandages)dpsted in aage. tamk st equaliength, beam
speed of a conventional hull occurs when the |ength

and weightas TtHhie dbsn/\srmvrerraﬁg 8 tshowing eabstadtiaky &duedl dra@se TH at the
is equal to hull's waterline length, and this occurs

criticaf "h’:urr §pééd”06f §@%ﬂdehﬂ'br¥d]%tﬁl bt ﬂ%g dr‘éﬁﬁth %fbolv@rl&t thull speed”

in feet of . By way. of conparrso
areafl thpet %@gﬁdﬁ O ey 3¢ e i i
xpetRiiad AR Stk Blareeatn é‘r‘é’@%ﬁf fagkarttsread” as

TH at the critical "hull speed" of a conventi onal

hulhe tasidata efrfg. @rr&marearraﬁxéherécﬂﬂull hag4@% 'more drag than the

TH archetype at a speed-to-length ratio of about 1.55, and 28% more drag at a speed- -
to-length ratio of about 1.75. Due to speed limits of carriage, tests of TH model could
not investigate‘hydrefields at speedllength 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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greater than the second power and nuch greater than
TH, the I ACC hull having experienced al so a

W@ e@aiodiiseant i ncrease of angle of attack w th BEEES2004/004485
The test data of Fig. 8 indicates that the | ACC hull

oSSR 0 Byt o g o
evo R, VBBV B i, Sl B ot

. hr)vestlgate hydrofi el ds  at fstgeedllen gth ratio greater

In re{aligR gt stealin characterstics:ef thedrgsertjaentian, sad of the hull shape
sel ected forthe square speed growh of TH s total drag

of the gpesard invertiendn Sﬁa’@b@\ mwng@ﬁblhty to aegotiate dmbsucsesghully operate
to cube of hull length, and can be |lower than the 1.35

in adVerss deaski TheTrevidworof ekaselprevibys fBanges arid ehain8k®nsion and
in planview of the sides of TH or changi ng the wei ght.

impr&E@EmEeNaTRhdar tﬁe%ﬂ@@é\ﬁ' |H\Véntfcﬁ1d\l'&ﬁlt bé’ ad\Rl & T’at%P@th of the present

starting speed/l'ength ratio of TH s supercri
regine to 1.1 , above mhlch drag growth foll ows
specﬁﬁ%ﬂgphe second power of speed. 2c. Characteristics of
plication

TH as t es, and. propuyl si on nt

08814, SR RGN PTG e a1 a4 deep g dodPresent nvention.
drawi ngs ofcritical alternative shapes of the | ower
suTheaagom revenervihevapeed smyetapessargp émiingreharacteristics of the
wat er surfaces, which were not shown in 08/814, 418,

varioandypes chcanventiopalriulstcoveredingdéetionisol -6 of thsd Qﬁés*eht Appllcatlon
characteristics of the present invention, and of th

and Bfltthe %ﬁé@@@n&f htiln@oRERIERS Sé&ﬁ%ﬂt?ogégggu{of{rﬂé FQR_WiRg .conceptual

TH s ability to negotiate and succ y operate”i

mqu;F}Qé/e(Eﬁ,ﬁq,éﬁ?ﬁ? 8;’&%n %\(}e%%ﬁﬁ?%@&ﬁ%pr evi ous features

d their ex I"on and ts under the present
art of the present

vention wl L :
o 1 o isings Fidons apl b whikBus hone el lvenidigerent types of
HuI | s Leadi ng To Present |nvention.
optimized conventional hulls, having well-known hydrodynamic regimes such as

displacement, semi-diéplacemeht, and planing, are required to operate in calm water
ina Vspeed-to—length(en\'/elope of less thén 1 to greater than 5, is it possible to design
a single hull capablé of .opera‘ting in that broad speed envelope?

3b.  Ifthe answer to 3a is positive, would one expect that the weight-to-drag
ratios of the three types of hull types obtimized separately, efficiently, and covering by
segments the total bréadth 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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The above review on the speed envelopes and limting

characteristics of the various types of conventi onal
whedossomaevered in Sections 1-6 of the present PCT/US2004/004485

Application, and of the transonic hull covered its

i ] S fol |l own ncept ual

TH-TREH L ines TR ehatie SppBeteia Aot Rs BRP4tEepenrtisnge currenty
3a. nsi deri ng gdegs Sw?gd 4 , which shows that three

requying SVemer thypesdibieTey: il 2¥ee% ofR&hrbiRiFethdn| @ver 100 years of
havi ng wel | - known hydrodynam c regi nes such as

develprypeak saulaithatiew hilil ypedeyapenaltiesdn ppeed and waight in an adverse
required to operate in calmwater in a speed-to-length

sea whichl apdaigerltears thdpandlties sgfferdceby ti@thrée tysed 6f hulls optimized
possi ble to design a single hull capable of operating

also far dovatserin SRSl spRYRlORREE Fdhvdldpddor BBﬁMﬁﬁe bgpggies for the

is positive, would one expect that the weight-to-

new héll ibeJe sé\lf@rfe]E BF ﬁérﬁ%b}%%o@%y Bith|nty@pes optim zed

separately, efficlent and covering by segnments the
t | bgeadth o peed-to-length ratios of Fig. 3,
cofa esditihecteaf g Fewlioritd weaw oyl Beos a6bivey thmefavorable

sanme total broad speed range, or at |east approached
Chaf%%@ﬂsttﬁ% &Rﬁ%@?dé@ém@r&b eHe Jcakaves pewdshautd)is bedrimmed and

could the weight-to-drag ratio of the new hull
contrgéed caik by avhatenétinods dsiten aindl stasted in paalm séatane in an adverse
broad speed range? 3c. If the single new hull type is
sea?est abl i shed, for exanple, as in the presentTH 11l and
TH 111 invention, capable of operating over the broad

pafd ab@OSeccﬁWerﬁﬁ,geglt ?ﬁ%ﬁggjgféﬂﬁitkwgl%d;gglﬁ% o. Ihefstiked and

s
hul 1 types, eac in over
. I d.t e [ e hav lties .
mvesB4BLE R Al P T P AR Y ISP b5 saring
than th enaltiéf suffered by the three types of
refergntg Roightasheviayed 88loMer adverse seas in their LA
respective speed envel opes, or could the penalties for
t Herafienntiation bétheesancepiual éyquorepef Baps Soissfocused below in more.
el i m nat ed? ‘ : w )
concrete terms:
3e. Isthere an upper speéd‘ 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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3d. Assuming that a revolutionary new hull type
achi eves the favorable characteristics described in 3a
w@pas09013bb or to 3c above, how should it be trpemEsoadaD4485

controlled, and by what nethods driven and steered in
t ual

| ea and in an adverse sea? The above conce
pracfipdiiys dheoppo e ilantssice iieaRiensat, weidhisaed sasts which occur
i nvestigated, with the transonic hull TH of Patent
becaser PRUET na Bibe1anglign £f spesdagromtly, edreicias gowth of TH is a
as reviewed below. A reformulation of the conceptua
secdngoeweresf spfectla since3uower dquals dihdtines vietodityr e
concrete terns: 3e. |Is there an upper speed range in

whiMiohereacthcatowld dead perfodharidd IPakeas speed inePéas¥s. because TH
08/ 814,418 in the displacenent node encounters

arch@tyPert Srab0Bie] ress BRI ESESBBReR in iﬂsfloﬁg{ %@r&é&?&ﬁ&ﬁﬁ in Fig. 7a

quali tative changes or I nprovenents or

: [ ri leede il e for.TH and TH of
s sRSEEY SR BEFaRERFE TS Belot i it ganstant. Hence,
first. considers the supercritical reginme with absence
therg,s A FINISRRIHBSERRERGS: SRIRTIPHAT oL edaOPwisiecpTpasuiapforce -NsinB
remain drag growmh with speed of viscous origin,
showmipelrife €@ gornpaied tecouesalhpraptilsive oaeds,aghichimust dpposa a friction
given hull size grows necessarily with the second
dragpowtiofesppadihg tdehesecbhé powen wfdpbed.
encounteredpractical limts due to powerplant size
r i r EOBRIBRI : 0 C@di? :
p?/\y;ér IS ah%nwg%ﬂgilﬁﬁf g?ﬁéég:ere U%ﬁ"oev\f%g%egn [ 8dWét5‘ Speed
growt h Iggreyé is a second power of speed, since power
equal s drag Fi nes vel ocity. Moreover, there could be a

pelrformance I{mts as_speed increases, because TH
he quasi-constant magnitude of propulsive pressure force component of TH.is

a problem of signiffcance for TH’s overall power requirement, which is illustrated below -
with a specific éxample: e Assume a reasonable weight-to-drag 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 toﬁs. ‘According to Fig. 72, the TH hull of Application 08/814.418
experiences in this regfme a prépulsive pressure force component in its lower surface
-Nsinf. The high wéight—to-drég 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 Bis - 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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archetype's propul sive pressure force conmponent in its

| ower surface shown in Fig. 7a is substantially
w@onsvems) because the hull's weight is substapeT/a51094/004485

constant. Hence, there is a dimnishing percentage

the S EbNEr NP QRIAR YIS PSR P06, AR Sller than
GPﬁpggg%hH%é%g?ﬁ%rE@%ﬁﬁo mglgrggp%%n%ﬁg lr\]lPF opposes 20%

Di m ni shi ng Benefits of TH s Propul sive Pressure Force
of totgl e e do? fftsease The quasi - constant magnitude of
propul sive pressure force conponent of TH is a problem
of ¢ si gnWfe asswree frothiS ekampicethalt totabevay greath wWitiRspeed for the TH
which is illustrated below wth a specific exanple:

archgg/g@r&r@speﬁagmhbﬁepm mtm&ml-m AgdioREIP gghgﬁg}ré&br&/th is only

foot long TH ship in displacemrent node

v S 100 o4 D Bl s

. 08/814.418 experiences,in.this regi a prapul sive
This 385 Ribren s, BEa TR bV ek dathh Ao Bl €48 fo aspesd-to-
The high_wei h_t-to-dra%; ratio indicates that |ow total
lengthotadio ¢k2, aa&@ &xtrappiated bayond dhat mtia ifethik axpmple, in order to
above is evidently 30,000/1 00 = 300 tons at a
deternainer iheceffegiecaf intrebsg of78Peed  thd Felatioe Smpblence of propulsive
dynam c pressure based on renote speed is 2,879

pressirkfforse diehawekmto Finstlan yegnaasoime.force, GPF, on
undersurface is -'Nsin b, according to Fig. 7a, where b

i & [ TR RO 0 655 Kbu I g BbHl e faur times,
. C¥QEBEE BRRBIRTRY BRGBEIEESRT sl ongning for changes
i ropul sive force NPF on the undersurface is by
in prégulbie AreFsUraATemRNdENe: SRaPOEPFIengHTaIGIRCRSES dp 63.5 Y700 =

than the 300 ton total drag. Assune the NPF opposes
63.5/22865 = 2.40. The corresponding dynamic pressure is 11,516 Ib/ft>. However,

the NPF, which refrnaijns a constant function of weight a t constant angle of attack of the
hull, is now diminished from 20% to. 5% 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 total drag, i.e., 60 tons. W assune in this

exanple that total drag gromh with speed for the TH
w@e@heroipe corresponds to that of an opti mum TPCT/US2004/004485

hydrofield; nanely, drag growh is only that due to

friction above "hull s “.aad that it incre S e
remafhy T Peuive o roubRE R0 1ol aid Ry brusifleSEBspntribution is
. verified by test data as shown in Fig. 8 up to a
virtualhegR¥ ot ol ength ratio of 2 , and is extrapol ated beyond

that ratio in this exanple, in order to determ ne the

ef Thet gbove i analgsisepefmipetve ideteimeinatomt ofs éhé nmpalogvieg limiting

of propul sive pressure force on the weight-to-friction
chardtgistied bbtref THHirchétype of Ratket Apstidatioh G8/8 $9846, bRswering part

63.5 knots, the drag would be four tines, i.e., 1,200

of thbmce@ﬁ%l MR oreAsnd BBID tISE HrEAHR Bpbficafdrv t hou

accounting for "changes in propul sive pressure force,

o5} "SaPRIChd Py BRI B R BE PR oL eBlefy alfperspeet

is,11,516 Ib/ft2' . However, the NPF, which renains, a
to-lepgihcietinrepchies Yo fwkﬁm'iuaﬁtungfer EBREPGHS r%m@{ee yamic pressure q.
attack of the hull, is now dimnished from?20%to 5%

The yiscous dradiPdg governge hyt ihglasiuatiendhedfiCad, dpwhshihist wetted area,
the drag would go up by a factor of (92.25/ 3 1.75)2 =

C; is 8,visoeas ltoefficze Mtikpeodsit amBReyheldsaightberdaad Krigta facios to account
| owered substantially to 11.1 , with a speed-to-I|ength

for fc{jrr’ﬁ tag%@ndpresdbirét@rag. gf\tgs})ele-ﬁlgﬂco%ﬁéﬁ%%g'toﬂgé St 8f two to four

ynam c pressure is 2 b/ft2”, and

. c D e SRR f
‘ume%ﬂ tel(gtﬂg%ﬁ giholg{ﬁés}ful%e ? g&%ﬁgﬁtﬁ@g Ld@g 'l%?ﬁpec\’,}cg‘ﬁéﬁag’gpﬁ%%e?H archetype
oo RSB SR BdET  hdits  ecramie
analﬂé% the weight-to-drag rati o woul d

3i. The propulsive pressure force on the lower.surface of TH, which is. .

important in the displacement mode‘near “hull speed” and necessarily a function of the
apparent weighf 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 érow with the square of speed at constant wetted area,
whereas changes of weight with speed, even considering apparent weight increases
under subduction flows at hig‘h 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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decrease to 30,000/4,800 = 6.25 at a speed-to-length
ratio of 127/ /700 = 4.80. Therenote dynam c pressure

WO 200009186, 064 |1 b/ft2, and the percentil e NPF PCT/US2004/004485
contribution is virtually zero. The above analysis

] term pat i | m.ti
unaGRL RS  hAg R SUPhPRLOT T Bradibg yhe %q"p%ﬁfe ight'otthe hull and
licati n 08/ 814, 418, ansvverln part o
mcr%%?fzee e BSsyre foraa SaPosENEy PohWopkLibErase the wetted area
Ilcatl on: 3h. The friction drag term Dforthe
of sml@ss ghthe lbult, avhich i wpfavaralde.at hi gher speedto- |ength
rati o reaches very high val ues under enornous renote

dy8lani cBpnefits ofel 1) Willh Dimirssiting Pireentlé Frepgievermedshie Force.
the equation Df = KCfgA in which Ais wetted area,

| SNatwitHesing okl HiphiBhitte RRIEERT o r agﬂgﬁﬁré%%[m?rforce with

and Kis a factor to account for form
lncré%{sﬁfqapﬁc?%cﬂ fr%glrev\té:d L?rﬂf{rdss%&tﬁnt%%ﬁﬁ%ﬁ# ltglg%rg Op&s@?rﬁg 1§%ach high
spediBbtab g adispfid %%taé&%wﬁﬁe?% bist b iinlaimegst and weight,

hul |, about 8 or less for the exanple analyzed. 3i.

it WWW%&@&balV@rW@mr@E@e@ﬁlbﬂﬂ@éem f the weight-te-grageETidiwere to be
TH, which is inportant in the displacenent node near

as uhiaubram©eéhlghaep¢:edscaas1$1at of g ptarfing btill,6FH oinlikeeplaning hulls, has a
apparent wei ght- of TH and the sine of the negative

veryds@rable @hightite-drayvestic Ht Iﬁ)@@ep@@@@”ﬁélddﬁfgst@%dll ed” range;

significant as percentage of total propul sive thrust
needed to overcone drag as speed increases, since the
vi scous drag, which total thrust nust overcone,
continu to grow wth the uar e of speed at _constant
wet t ed '5[38 '&W@Heal%e%%%%@%sfwﬁk RPF{aPle sfficiencies could be
even consi derin appar ent wei i ncreases under
attaigaijg owith grsinglensHahulhingteas, Ak @ oprtbrssutydesapfdconventional hulls,

therefore of net propulsive
provided trim and control were adequate for the TH case, and behavior.in an adverse

sea acceptable.

3l. Summary of Results of Conceptual Inquiries Above.

The answer kto' the conceptual inquiry of section 3e is, yes, there are
improvements needed in TH and TH of Application 08/814.418 to overcome probiems
of increasing viscous drag with speed (causing diminishing results of propulsive
pressure force compénents). 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 thé extreme, has been attained theoretically and experimentally and
is covered by the teachings and embodiments of the present invention described in the

following section.
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under body pressure forces, are obviously not as
significant. 3j. The subduction flows - for exanple,

WO b@d®9f150 n Fi g. 14c of Patent Application 08/BAHULD84/004485
consequent ‘of the negative angl e of attack of the

er urfa the otent| al of increasing
app@g Eﬁte t”Pl‘éerﬁ and i ncreasi ng

propuIS|ve pressure force conponents but woul d
i nthe ebieatives it thedTHridaaed Hildibdnvgntionefaliow fromhitsh need of a
Is unfavorable. 3k. Benefits of TH Wth D m ni shi ng
solutiRer okifiei danceptymllirsjuikemesselye Force. Not wi t hst andi ng
the di m ni shing percent of propul sive pressure force

Widd i rEstabﬁsmge&pﬁw*odgﬁe{nﬁy\@dn@mdﬁé aPRCEPES P |mes for TH in
above, if it were possible to reach high speeds r TH

whicH Wef?g?ht@tofﬂ ragr e ﬂtcr@ﬁ@lﬁ&%?@% S(‘F‘Zé’r@ﬁ & %I%ev/oenrdyZ have improved

pl ant cost an wel ght

rtant benefit that even if the weight-to-drag of
eﬁ'c'?ﬁpﬁere to be as unf avor abl e at hi gh speeds as that of

a | ani hul | unl i ke planipng hulls, has a very
kfpfg“%? @'Htegt%@ é?&@ameﬂfaﬁféhat daRs Netlatadorate the favorable
|ncI ud| ng the "hull speed" range; and Also, a broad
resulipeleepdiaehioyrd fartTh vodpaApplicationfQ88 thdil 8t spekd-tbdength ratio
attainable-with a single TH hull instead of two or
belowlr ee types of conventional hulls, provided trim and
control were adequate for the TH case, and behavior in

anadv et SRR ¢S SRl A &b Sd n@tﬂﬁ@\%gee@fre@ﬁ%ﬂ bf opfration of a

Conceptual | nquirl es Above. e ans

s IRk PR P T A Fos A o, s

08/814 418 to overc |ncreaS|ng Vi scous

0 robl ems of
propfpiyg 4IRS, e tertoeauisma@w deHieRP i Ryer.auih agcentable efficiency, a

propul si ve
broad speed range normally requiring more than one type of conventional hulls; for

example, the speed-to-length range of a conventional efficient displacement hull under
1.35 plus that of a conventional planing hull above 3.

4d.  Achieve favetable objeetfves 5a, 5b and 5c¢ 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-IIl 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-lIl under various sea conditions, including )

adverse seas and winds, to achieve an all weather operational capability.
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pressure force conmponents). And in respect to inquiry

3d, the answer is also yes, in respect to trim
w@oovsoeilso and ef fect of adverse seas. The sol uPEDOS2000004485

these probl ens, though difficult in the extreme, has

n at dthe and ex ntally and is
eredéﬂé&?ﬂgelae’ tﬁa*iﬁ Otﬁbe Emﬁiﬁe‘fﬁ O8f the
rese i nvention described in the follow ngi_ section. 4
'@lﬂra%ttO\ﬁ@@thv the: raw speech (RaiTES WHiek exisds tin kydrofield to TH-III,
the TH 11l and THII11 invention follow fromthe need
and toe innayetive inoproyemetés, cefinsiments| anchoeitainesycialamelryctedstics of TH-
Est abl i sh new hydrodynam ¢ conditions and speed

1, whegi hage been Tdvelopek mhRE @btk bdtHi agitaratiere i®first reviewed the
I ncreasing speed-to-length rati o beyond 2 have

5
hydrbdy=med aﬁﬁéﬁggﬂﬁg{mgﬁé% fﬁ%?@h@ﬁh@rﬁ%)@ 49218 DhGwn j jn.Figs. 10

manner t hat avor abl e resul

T I 8/81
and Zﬁ OE%E% AP ARBvlony MittiE Rl SO '%ﬁteﬁﬂgﬁauawe"qaboaa
G S FEMEAD oo 15
speC|aI shapes, features power ed propul sive neans,
ankhig @rthél%ef@é@ﬁd"lydﬁ@bfmc designseadjtion Qfl’ﬁh@eubmeegrkcétransomc

efficiency, a broad speed range normally requiring

hydrofieieé fohapeedetotigpgthofativoneantandnabove!iHu; sperd emaep!Application
the speed-to-length range of a conventional efficient

08/8 4,3 mB aqen@ifadtubpp é’ét@ﬁbels §ﬁo®h% Iilgé‘tte 13(5. ;‘Ehe surface flow on the

conventlonal planlng hul | above 3.

R R
in thd réagfc‘lgrrt] Gt F thed\s/t%rrr? ebl?tel ‘inc ches mo?ect:LI?lgp agﬁlgt?on because of friction
below the undersurface of TH emerging aft of the stern. = Nevertheless, region 1
continues to expand in a uniquev ‘way,-because -of its' highly directional steady
momentum, indicative Of.‘successfu\l anti-wave subduction for optimum performance of
TH. The flow due to the’principal votume displaced by the translating 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.

ob.  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
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preferably | ess than, conventional hulls. 4e. Achieves
nost or all objectives above in a TH 11l configuration

w0 bas/0p@Eset eal thy in respect to radar and ot hePCHESRID410P4485
nmet hods. 4f. Achi eve the above objectives, or a

comj I on, of. these qbjectiyes Lth hul | shapes,

gotnfeATRh A foEr baRer 7RV dieha b nayiarost Riendeunstream
t hat pf mt favorable operation and maneuvers of

of flatakel 1 Liiiere (apoDa sy Anchump formationg 14 dANdya sentrabbump 21.
seas and wi nds, to achieve an all weather operational

In thiseseberiticay regims, bistramsay badn Benai ¢asesfdrapgréwiswith speed higher
Invention. In order to specify the new speed regines

thanweicohd @owestdst spaeldy decauss of the dddiitd bind &l¥htidi@, even though for

I nnovative inprovenents, refinements, and certain

TH tgél‘@éﬁa‘ n§ Hga;/r%gggs’é Slelr SuRle i 4 IbOV\Y\Wa‘\:/?hﬁamgitgsg irbﬂ‘sctonventional

evel oped work of this witer, re

: i e hydrodynam cs and speed regi nes of TH of
d'”'ﬁg%’:“.%\@g Fr(ign 08/ 814, 418 shown in Figs. 10 and 11 of the

prese plicatian, wthin the scope of the formner _
agpl P@Qt%?uwcr'&%@i %’%ﬁ éﬂgéﬂg%%'c?nﬁqdéaﬁh@éwd%swfwﬁ of TH in
TH Application 08/814.418. This is the preferred

Appligptien B8 & 18eisi ahaceuhstantial ndgative anddeetogthe remote flow and
transoni ¢ hydrofield for speed-to-length ratio near

expededcabaignifichmt rppeldivenfdese. Appl i cation 08/ 814, 418. Its
surface appearance is shown in Figure 10: the surface

flsw omDéRgopmkat bﬁﬂgﬁérchﬁc&@égmé%tr%-}’-nf lﬁﬁg mlﬂu.i i

tends on equi potenti in the dgravitationa
t qi \ : : .t i nel udes | ecul ar
gyt Ao e oBctatBhal dbeitelon ' apigd e SRR RisRf trle testeq,
f TH enmerging aft of  the ern. Nevertheless, region_ .
new st e e SarE pRud Phees SHoRL BRG] 2 Boreiiy i fhbaretioal view
hi ghly directional steady nonmentum indicative of
that t@@c‘é@&bgdy angle ehvé& sheddde gavemedoisr change from its initial large

per f or mance of
negative angle to the surface, towards a much smaller negative angle in order to

generate a newlhydriodynam‘ic chéracteristics in which, at constant weight, it was
nevertheless es"tim;ated' that the lateral wetted surface of TH should be greatly
decreased in the presenbe of a decreased flow subduction. This would iead to a more
efficient, different 3-D fléw‘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
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TH. The flow due to the principal volune displaced by

the translating TH energes principally in region 1,
wowRak/0ed1s0 m ni mal surface alteration appeari ngPEBEUS®DL/004485

and right three-dinensional rays 3 and 5, having the

Y strea
suridbel VR B8 BB S B3y e it BIE ST SeBe to-tengtr
eed- t ol engt tio af which was a tank speed
rat'°§p‘?ﬁ¥° ndgg. agéév?’fr %fOf%%@rf ¥i cAMisrepecial difatent segipee is called
plication 08/814,418. This speed reginme is shown
hypqrerltrqaédpermark the factcin batf &enbl dynamig dig & pdssible since the
approximately flat in region 11. But undersurface

undersutacs oy THhreamins et & igveatlyoredueedt bum stinheghtins efnbﬂé’\’ but (b)
at subcritical speeds, Iimts the shape and area

nevetifielouskiet odklirs 8 d@@ﬂidﬁéofd’étél‘hl%é%éd\@dﬁéc%f tr
11. Rays 13 and 15 have larger hunps. Downst rhle%gtﬁgﬁ@e'sun'q“e'y

efﬂméhﬁénéf"ﬂi‘ﬁ cﬁ%calﬁﬂ%ﬁ@ur‘ 3%?[5%63%%63{?% ﬂ’%@p%ﬁégﬁ%tangurcér planform

7 and centr I's’su

may b nme, cases, dra rowth wth
of T@pééﬁ‘?ﬁ. éﬂ@ " e st P U By SlspisodcBuE Ate digher dynamic
t he eddi es and el evati ons, even though for TH there
pressyyg ip Jyperariical egine ca% Wilke dasericechialener in geateraletail with aid
type of conventional displacenent hulls. In both the
of Figuldercritical and subcritical speeds, the undersurface
of THin Application 08/814,418 is at a substanti al

negat i \evigbraehpot the TremBpenkl ng#ﬁg f@%ﬁﬂtmedﬁbﬁﬁ 1.

significant propulsive force. 5c. Devel opment of

NIl B M il g s

achi eve operational
wer e necessar

with @?@@%@é@i@'})ﬂ/éa ﬁ%lgd%ygg/wy%lgﬁ &Nk Gritigal positive ayngle which

Eeoretl cal view.t hat t he under bOdEl angl e of TH shoul d
neveg el&@%@FW@iﬁ%%gﬁ'ﬂﬁﬁ@@Wilﬁguﬁl’f@ hQaVewm@blgh dynamic pressure

acting on a very Iarge wetted planform, i.e., a low planform loading, there resulted a
fourth hydrodynamic condition and speed regime, which nevertheless has a substantial
decrease of wetted. length of the lower surface of the TH-Ill hull, compared to the
hypercritical case. | call fhis regime “transplanar” in that it retains some lateral in-flow
characteristic of the gupercritical 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. N

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
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negati ve angle to the surface, towards a nmuch snall er

negative angle in order to generate a new hydrodynam c
W@b@sapter i stics in which, at constant wei ght, PCT/USENG4/004485

nevert hel ess esti mated that the lateral wetted surface

houl,d be greatl crease n the presence
more gy PEATE 8 TR IS8 59 AV (VARG URT 1S GaS | BrenT bl 98/814,418
efficient, different 3-D fI ow behavi or with increasing
Weresrp@wa@cbmaalylﬁam i fredisplassmentnoedeh#re same speed/length ratio
retained, wwth a decreased |lateral wetted area, the
rangéol | owi ng: A hydrofield and hull w thout shoul ders,
m dbody or quarter curvatures; Lack of lateral outward

f 158y arthe Supgrcrii Béﬁﬁeglw 8§ baPleaiie tWy?e?érmc%Yere.
with new and inproved hydrodynam c characteristics in

h:q t ‘I’Q\é SABls EJ& Q)f el dfh;é‘oﬂ%ﬁjabﬁé‘?lcp(gfh‘/\’ BO639Gaplane 24

pro ul'si ve und pr éssur'e

I.ficant reducedd fro | at er al
repregeHiye i Pattd NV EEH EndliiHen a0 At SRdbsAin o) shoug), and stem
rati os than otherw se for speed-to-length ratios
draft 73, With 2 dsafrterere rafiqief agpraximately 9.6 e demp weight/length ratio
different regine is called hypercritical to mark the
(tonsf{length in fewdit! 00K)ofibe dydamtiods.i Theiundeesafadechas acregdive angle
undersurface of TH renmains at a greatly reduced but

B establisHingaghbit e e Bb®. mOoh Idrher thivesitthelstss. t here
occurs a decrease of |ateral wetted surface. The

r 90 Barmit SBHAHIS é(b(?\;ef “rﬁl'";%g%eﬂ“qh% QU éﬁéyét’iocrﬁh g%?@%#] t§ remote

a un que property of the cral triangal ar

water?)fa '@331 %%erﬁ{@ﬁlre@m?agnr effegrﬂﬁtéhpwn ln?:rlg 12\6 l&otlce that

rgercrltlcal % as Wl be described later on in
althokﬁ dyramisstarn dgtk 25 i zeref tha gndersurfgcel apglecd apehsiiaft @t bow as
the Transplanar Reginme for THI1Il and THI1Il .. In the
well apdenbdegla msgnsa&lmmlmmmm’gbdr buhproz;aﬁade pegentte 27 is
the hypercritical
significant. The corresponding surface of the hydrofield is shown already in Fig. 10.
5f. Specification of (for) TH-IIl Body and TH-| Il Flow in Hybercritical Regime
To increase speed beyond speed/length ratio of 2, this writer theorized that the
higher momentum content of the wake of TH-Ill permitted ahd justified a rearward shift
of the center of gré\)ity, 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 8" 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
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wi th the underbody governed to attain a very small and
critical positive angle which neverthel ess provides
war@sidilsant dynamic |ift due to the very the PETNS2004/004485

dynam c pressure acting on a very |large wetted
there resulted

lgn ie a lowpl orm | gadi ng _
on T'ﬁ"ﬁb%’?‘ﬁ & R?&’r‘%\}%?rﬁ“@'@@ﬁgf he 8%‘93@@9%@@6%% tie total propulsive
; emi C.E neverthel ess has a substantial decrease of
orcey Byt ibyap gpptipmed in mrRw manel tests thed & retluceralseithe visbolis or friction
conpared to the hypercritical case. | call this regine
drag ory tespienaf Thin While the susfeaerapmaamantaietia dofrebhoMting flow
characteristic of the supercritical reginme of the
appetrrexhaoii EighdD| it habalifférent thige-Hiravnhsbhscidven @O&ﬁn '
generate the predom nantly outward fl ows ty%i ca @&entswmch
cann® 58 t18te dMBigkhiAg s b b Zing, .in
this witer ’@hFE& on@?gﬁéébr}?%&ﬁgﬁéé’f °ﬁﬁ§m§8é\a§tﬁ%&%ﬂe angle of
' j ' t “ L ion 08/814,418 were )
attack St TESnodt 1o il Idhno el PRl alREe eiites i matied area in the
.1 C , are now extended and specified to nmuch higher
S'dess%ﬁ%- r %@éﬁa'fﬁﬁﬁ%Oﬂ%\%PePﬂtﬂpeam which hydregtatisaweight must be
whi ch have weight-to-drag ratios substantiallynore
substapijali-eaual i displagadruatesds alieresr inrespeatta Fib. Hebtdyethe reduction
case if the TH of 08/814,418 were powered to achieve,

of apparenheeiphs duede gesutlyrdubecaddibs SRR OACEAA hRGtdhdeAt .
range. 5e. The Supercritical Regime as a Preanbl ga%fd&opulswe

resstipfored With6ad sigrafieantideteri 1?1%@{ Y@{ﬁ -
P referral, t«:heSI@dro'nst gﬁr&&%@?rf = ,ac\%ya%rerpe%céhezqydmﬁem' The
t,at , H- hayi a | ength/ beam rati o of.
new FAQERSRL AT SRRy DAL SRS g e s
raft-to-Db ratiq of approximately 0.01 5 for a

appr"%}é‘?@‘ﬁ{w P@@%ﬁapat ?%Owt%\?sﬁ'[‘g%rﬁgﬁﬁce roealed/ ap@) mopfshaft 33 to
.The order to 60. The undersurface has a negative angle

providg BeB8LYP sPitHy UR ePHPle Mitht hespmnl toudhi-lks aragt Wiah &tm 37 of

the stern.
approximately 0.5 units (0.007% LOA). Alternately, if thrust line is inclined upward as

in prop shaft 35, it can provide a lifting force equal to thrust times sine of angle 39. For
example, if weight-to-drag ratio were 75, drag would be W/75 and a 10° angle at 39
would result in a lift force of 0.0024W.

The specificatioﬁs for FiQ. 13b differs from and is improved in respect to Fig. 12b
as follows: large change of angle of undersurface from B 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 propelier but could

be water jets as well. The complex combined action of the changes above produce the
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In dynam c condition above "hull speed,” the side
el evation in respect to renote waterplane of TH in
wa@apenerisd i cal regi me changes to that shown i nPEI/GS2004/004485
12b. Notice that although dynamc stern draft 25 is
zer,0, the undersurface angle b and draft at bow as
hypefgifticaiediiae rnagsdisia geaatly irgnryvedisiaht-ip-disghatigiat speed/length
_ but propul sive pressure 27 is significant. The
ratio @b oreey g dion gneney, thatds,dh théeangedusiallyl assigheshiowarger vee-bottom
already in Fig. 10. 5f. Specification of (for) THIII
semiBddyingribatdt NoticE rowéverHhaetes pérfemarfiRRhtRe iti i
i ncrease speed beyond speed/| en%th rati o of Zﬁ?p?ﬁngcal regime

has it irhgairédaRy d Agtd eatrgﬁcé%'dﬂhé (/va'fE'éS'Bt? ﬁg#‘ g%,cﬁgﬂﬁl‘i—gillﬂﬁ(ﬁva operates

the wake of TH 111 'permtted and ju
: i EL: . e Qr ayi shown,.in Fig. 13a, as )
in thrBg'reinfis: sUBoRCH)cSurie Ml At oS Rise pod proigig iwake with
. a.draft-to-bea r?ftio of about 0.02, still retaining a
a&galggﬁﬁwgwre%eaqﬁé: B6% However, in the dynamic
condition, while the hydrodénam' c draft relative to

t Hdres ebpMe sdepaciptivac efrddg.s dBbt isnfaasible foer and rurfigge to the TH
13b, as in Fig. 12b, the undersurface angle is reduced

configurationi bedeiuge iISiiat sidest art deldiy ehMehdedet hﬁld-@odilw and quarter
Fig. 12b. b\ while negative, can approach zero. This

curvetin@Raehieh arnGd il Wavt hakingisdurds, BhE @eﬁbﬁ% ﬁé\@n%gin@fré\_beam of

bow and shoul der wave of a conventiona (se
i : i 1S, n TH.II and
T s QB Y Sk S e DA R Ty B fows
and diSYRroBEIrE FH1: Wk yuifbbich) wETRun cemiest which continues to
friction drag on the sides of TH Wiile the surface

prevenh HaRpYRIse sternwave frmatioondi ng f1 ow appeared as in
Fig. 10, it has different three-dinmensional flow field

c Anpondesftcautibn dhrespecoto Fig. 138 atthd litt ¢fl caniterbf gaévigcshift to the
surface conponent of the hull has positive angle o

rear, 8ihtaGkhas tmees BBt stiferchicdI et i i .
nevert hel ess reduces ltg%e wet t ed @%F{eézgewcaﬁﬁéegmeééswc;?ng choice

can %%?%%%aﬁiﬁm%ﬁ %%%Llf%éin‘éansiitéﬂ %@Cillgﬁoﬁ@ is‘frplilar to an aircraft
“phugoid” mode, which can become unstable and divergent. The CG location for Fig.
13b requires certain Iimits, reviewed‘later on.

59. Specificatioh of TH Body and Flow in Transplanar Regime for TH-IIl and

TH-HI.

When spée‘d 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 planing, while retaining the

transonic hull features which also yield and permit supercritical, and hypercritical
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substantially equal to displaced water, is altered in
respect to Fig. 12b by the reduction of apparent
waowrdogleoisue to greatly decreased subduction, aPCI/ES2004/004485
decrease of propul sive pressure force w thout
. significant deterioratiopn in surface orwake of the
reginigsr Gt B ooy ARG ghleondinEn Atk degsDEHih thel aid of Fig. 14.
and was attained with propul sive thrust approxi mately
Befogmelaperding idg b4 oboweer rdviay fisiomdeohcenventidnal piaing boat
shaft 33 to provide nose up pitch up couple with
desigrespescivanoed Hidsigis fbragxampll, ahab 37 Fif. wppraaxitiat #ley qualitative
0.5. units (0.007% LOA). Alternately, if thrust line
differefced & ithe dratRpii thraegirie REAPLS fé?fstfeé’rétedl t Csﬁ{?erﬁ’ﬁcﬁ%éu Waning is

alifting force equal to thrust tines sine of angle

; i , If weight-to-drag ratio were 75, drag
charder R 2 (ORS

and a 10 angle at 39 would result in a
lift f f-.0..0024 The specificatio for Fi,g. 13b
di't £ er SRR gaﬂ’r&'oq 0‘1%;? Bleal's ﬁPePé‘sgﬂ?Jiﬁan‘?'ae glegn, ingngaging angle
follows: |arge change of angle of undersurface fromb
of attagk gye tg lﬁlf&?gpw and shogldeswayes as sfiawn parhottom of Fig. 2.
approximately length 26 to a nmuch smaller value 38; a
subst arftthaboatsiusdérbodyhas avitakdé sudateshd theraizdudficient power,
propul sive pressure on the undersurface, an increase

the plahirtybeat dinseamiite HoandndreRBHIEFWa08 Laliler8rd the &iRg regime
and an aft shift of center of gravity, conbined wth

of Fig@uain effects of thrust line in this case from
propell er but could be water jets as well. The conpl ex

conbi n i @n of , the.ch e bov roduce .
Renypo el Banh LT RS AR PR TR, brar 45 gonsequence of it
. nproved weight-to-drag ratio for speed/length ratio

requirgmeptRy mementu chanae of¢pnventonalplemisgishagesusual | y
assigned to |arger vee-bottom sem -planing boats.
Not i ceMihiovad\daning leeea tAre spewh asndd de Fign 14fén contact with water
hypercritical regine has not inpaired the surface

provideniéfawih eginphurhiveetigkere!, rédtindin High afdd lobbindPW quotient made
operates in three reginmes: subcritical, supercriti cal :

by diviifg BoRE WeidHti&aly plRRfgPRARYEY S @ wake with

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

. Small planing area Ap, 43, compared to overall area of hull’s planform 43
+ 45, results 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
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a significantly depressed surface. The above
description of Fig. 13b is feasible for and unique to
wa b@sove1sonf i gurati on because its flat sides arPEr/tiswos/aH4485
of shoul der, m d-body, and quarter curvatures which
; al. _wave-maki ng .sources, .ang because. t he maxi num-:
protr Bt i1 4re PSR S8 HeraRas AT deain Brfiondsadtoral Tow iosses.
collects the entire underbody nonentum fl ows and
di*schary&¥ake piapfarmythaty pnleggicisturbed Ry giopelirslipstream, has a
content which continues to prevent transverse stern
hollowawhich cisoratly closeg\dawndtreamoafithe sternmwithes [2Ege humg538.a symptom
13b is the Iimt of center of gravity shift to the
of dragar, since it has to nmeet both supercritical and
hypercritical reginmes. Wong choice can produce a
t enden ' St a ' il o I
Lo an o Srapr T REMEHINEER afgh BRoh ) aRd as¥oblatél volume
. a i | ocation for, Fig. ,13b .
abovt JE SHEi2, Sk T S weliithasingin Shoadfo Epbatedly in waves,
Specificati.on of TH Body and Flow in Transpl anar, )
causgg biGhs FpMAgHIadds Rlkiarde Fhanosmbhucya dprges Teaging to excessive
further increased beyond the hypercritical reginme of
cycligstguctusy loags, saveeadiichravd hgave docalaiationaashich eanibzesidtolerable
named herein "transplanar” in that it permts a
for oemipanés pndfdargo,eantd pequiteasloditipthiec opéffationanshéddBf conventional
W t hout the type of outward |ateral flow which
planifgRalls #Eadrsy@ahi onal sem -planing or planing, while
retaining the transonic hull features which also yield

a ' ‘CLitic ct.itical regines. .
R R L e S AR
14 vv'bth tihet Zi d oI Fi g 4. Bef?lr@e, \c}:escri bi n _Fi%. 14,
IS RBAEDLP IS AraNePIanR FSImad RIPTIEIAVES 14hand i alanvigvpimkig. 14a.
desi gn of advanced desi gn, for exanple, that of Fig.
The coptrasig amﬁatargehéoe@@ﬁts oailiH-HI's transplanar regime are evident in the
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 o, which
cannot become large because of the location of max beam at stern of TH-III.

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

. Inherent low angle of attack o 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 o,
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di fferences of the transplanar regi me can be
appreci ated. Conventional planing is characterized as

wo 00509850 A pl ani ng hull bel ow t he pl ani ng spreruSionkan4485
atthe stern, increasing angle of attack due to Iarge

bow an shoul er waves as. shown on bottom_of Fig
1 £° t he Lﬁfé‘t ot lajatnd peagy Fﬁ%l%ﬁima%wsémnﬂé@*éé“amdhe transplanar

there is sufficient power, the planing boat clinbs
reginesdh faver ofdypiaaliTHiscidiel sayswavtwithstasding adeduatplmoinegtum lift, a
reginme of Fig. 14f. Qutward flow 4 1 in Fig. 14f with
uniqliebdvahtagpraithé I Halicplastyoeinceardplandriflovequi r ement by
nmonent um change of conventional planing shapes.

M.ni mal|_ gy BBRADIGAHRY ﬁ%téﬂho%h@%e&%yﬁ??ng hga Ié&{ﬂehﬁxrmum beam

contact with water provides [ift wt
e ea |l oadi ng, a quotient nmade
at St%;i/]’ g;lo @?’%&%% aPeJ‘lo%[lar@by pl ani ng area Ap.
Rel ati v, ni ng_.angl e of at ck caused
Sral | auneris o Bogra IR EE e Vers ithiommeron AR MY/B, lack
due to lift, as was explained already with the aid of
of outygrd ﬁowswﬂhﬂom Nfray raysewsgad, and @é?qm)asdf outwave dateral spray
area of hull's planform43 + 45, results in high
flowss bansrpoiptéd adsin per:sineakjtvmsmamlaimarea 45, causing
hi gh pitch oscillations, anplified by |arge hull

vel une pheyentsamvicrin b’d@é\'s@%@@ 5&@@@@% b
quoti ent obtai ned by dividing weight Wb é at§aﬁ%pﬁnform area

63, t6 %é’t écgg(fﬁv\rgq(%?@ GWBléﬂdathtomng}ngs i {’i gtérﬁgéw smooth seas,

conpfising, In

O R P P
and added buoyant lift in adverse seas produce minimal effects in pitch, thereby
avoiding high structural loads and accelerations, as is pointed out in pertiﬁ’ént
transplanar claims. :

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 e’ntirefy 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 B"",
shown with numeral 65, with a wetted length 61 and a dry length 69. It is evident that,
contrary to a conventional high speed planing hull, the dry area 63 is considerably
smaller than area 61l, 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,
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A wake planformthat, unless disturbed by propeller
slipstream has a hollow which usually cl oses
waomnsraiemm of the stern with a | arge hunp 53, PEI/US2004/004485
synptom of drag. As explained earlier, the |arge area
rtion 45 and assocj gted vol u above it, which is
and rfp?possIPls TR CoyeRTiRAR LY aRine bllc dhese SRMEIaaispR af B's are the
in gaves, causes high slamm ng | oads plus | arge change
subjegt ohpefiaent trapselanar glgimey to excessive cyclic
structural |oads, severe pitch and heave accel erations
whiegtain anitibal geomkticatslatidne: leadmgpanti®e aniguean@od@isics and
requi re slow ng the operational speed of conventionha
supebrassiai@eping 6f TH-IRAVIGER 8ppRAo tH By SHBHifichI ahH 2 i
above probﬁ%ns of conven???ﬁal pﬁ%ﬁ?ng ulhs’ﬁwﬁbpﬁﬁnegwne&
and 16 xHegimd4sd e | - B ) -
A% 5B foq 1S0YD. e hStral B8 Bloliig apiplespecifid not
£y and.l ar nefits of TH 1]’ ranspl anar
by we Rl 06 A RRERR Tt birealmeriain o Fit Marand g aumbers
. 1.s no shoul der ve on TH over which TH nust:- clinb to
identifiZy 28 Unfis,caldsh Pa st fen el angiErpamihe isa Ap, 6
1, conpared to small dry planformarea 63, pernits the
> gbWér 2tliQA Tohumera]s &7c- BBFETO unitsi ft with a smal |
positive angle a, which cannot becone | arge because of
> t Bebbamahumeraif2radchgdtd at stern of TH111. Low
transpl anar area | oading, WAp, because Ap 6 1 is

> | pygeR £ algrent | ow angl e of attack a of the hull,
feasible for adequate lift wth | ow area | oadi ng,

> W_:ﬁf?y planform angle 60 = 13 degrees
> Planing length, numeral 67 = 35 units

> Dry length in Fig. 14, numeral 69 = 35 units

> Hull's total planform érea = 560 units squared

> Waterplane area wetted, subcritical, supercritical, Hypercritical = 560 units
squared | |

> Dry planform forvx}ardltransplanar, calm water = 140 units squared

> Wetted planfornﬁ 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
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Low nonentum drag wi th adequate nmonmentum |lift, due to
i nherent small val ue of a.lLack of |ateral energy
waele@siopasi ng flows fromTH 111 in the transpl aPer/US2004/004485
regime, in favor of typical TH s side rays, not
vm'dghs{ andi nqg. adew te nopentum |l ift, a unique
> advaRtdigeloghing e b calsn waiely fransPlnahspl anar 1 ow.
Low beam | oadi ng at stern, achieved by placing a | arge
> meXpRipmToleading: = YVE60, hypérovitier] al so | ow area | oadi ng.
Superior | ow energy wake achieved with low a, |ow WAp
» ; |IBedth Bodding adilcopditiomswayts f 1 ow, with | ow energy rays
i nstead, ‘and absence of outward l|lateral spray flows,

> aRVeFade ireabHhdightPRLlcPaH4 £ 5aRsRl anar cl ai ms.
Excel | ent behavi or Tn adverse sea because the ratio of
. dnr _ Bl AR area 6 1, and
£ VoIBr@REE HaERoRe, tandfbnar- BuRBL s AR
vol to area 6 1 is

ce the dr me correspondi n
- G toVe onkBky Ty B e anar SddRuuble gibed, partially
l[ift in adverse seas produce mninmal effects in pitch,
t IFE0BEHd P i (oY IR WMEEt ruct ural | oads and
accel erations, as is pointed out in pertinent
>t Ratiopdfarcdumel faiward tSpadirhe adlove, wategplada 79000 € 0.33
pl anforma transonic hull having its archetype
t Mhengbbws debigpecriteiiaidrry charabhdistied oFitH, HOugRhLimiting, are
However, the hydrodynamc regine in Fig. 14a is

BT E e A e —.
o R P GRS S Bl b Y B o

wetted length 6 1 and a dry length 69. It is evident

the behgitior ingairpang adyesse spae ate adeduategl hepardenofgranity needed to #

hull, the dry area 63 is considerably

meet the required conditions in transplanar flow depend on hull shape 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., 1.78% LOA
below it. The above unique features are characteristics for claims.

Furthermore, to achieve a trahsition from hyperecritical to transplanar regimes on
TH-1Il 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 shapé of high speed planing boats, which recommend opposite downward

camber at stern to facilitate planing without excessive angle of attack, and also reduce
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smal l er than area 6 1, which greatly reduces sl anm ng
| oads in an adverse sea. Also, volune above |l ength 69

wo goosnetisenal | er than above | ength 67, reduci nRCHUS®A4/004485
buoyant forces in an adverse sea. In a cal m sea,

ke shows a unj sence of |ateral .
num Fadb8rof ol F g Bl e FESE R o apotiom of Fig.
Fig. 10, which is contrary to,and not possible in,
2. conventi onal pl ani ng hull. These uni que features of
THI11"'s are the subject of pertinent transplanar
c| Eengriticedimapriaoes of dwll shepaeCG,candctantrdrfadscadbagpecified in
to the uni que hydrodynam cs and superior sea keeping

next séciidsl ¢an betbietter appkystbod e regpetigingtthealariabiés involved in pitch
transpl anar reginmes, and the x-regine (see later on),

equil®riin b %?chﬂifyﬁ@rﬂi& ré %és%ﬂ&%@er‘f%rﬁxﬁmlsgeeaﬁS‘%HH#E%é]aSr in calm

not by way of limtation. Inthe exanpl the nu
i i . . ] identified as
watefEhi 8 5Py b ehsiddet B des 5,54 98N Y PR e of buoyancy,
upits:. LW, = = nunerals 67 + 69 = 70 units B, beam )
hyargifinariie SE91SE ATYRATSY g BUllimehanElangitugines cehtar of fotation
angle 60 = 13 de%rees Pl aning | ength, nunmeral 67 = 35
(LCFyaires copifoideafwieipiane). whish ehanges! ragiicatly3p tianspanar regime,
Hull's total planformarea = 560 units squared

centansf dyphraiteprassarevordestuestobnoinienturh changey sffédtiof shange of hull's
hypercritical = 560 units squared Dry planformforward

angld otk @mtydréranristibdtcid® the 'Yésg)e%_ﬁvéfrﬂgra\éﬁbh%qlall the above
pl anf orm transpl anar, cal mwater, 560-140 = 420 units
in caffitAt&%ind in an adverse sea.

For exampléi in the éxample reviewed above in which the CG is 28 units from
stern, i.e., 40% LWL, the center of longitudinal flotation (waterplane area centroid)
varies from 23.3 units from stern (33% of LWL) in supercritical regime, to.roughly 15
units from stern (21% of LWL) in fransplanar regime. Accordingly, the critical distance
between CG and LCF vary from (28 - 23.3) units = 4.7 units for supercritical and
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 showh 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.
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% wat er pl ane area | oaded hypercritical = 100% %

wat er pl ane area with additional load in adverse seas =
w@%0%wetier pl ane area | oaded cal m wat er, transpPEITHS2004/004485

420/ 560 = 75% transplanar % area with transient

i tional | oa ans ar_jn adverse ,seas = 140/ 560
i L e %r%Q%Qﬁqu&VE Wil et seaamhat the
wat er, transpl anar Pl anform | oadi n
paramggRiscind |r%laf o & [prgitidipalrim, osaagihtyi, @m@l wnf@olAthag@re also
free board height, nuneral 64 = 5 units Vol ume above
dependent ph aatig of Weigmltanahmcreﬁmexamptes vaipleiin\fohsi e cube of length
above forward dry planform transplanar = 700 units

in feétmw THpexarable/giess aé;@@umaal r tatidsdHghe bﬁié?fof@@ttb%@fo way of
vol une forward to vol une above waterpl ane 700/ 2100

refer%ﬁt%ﬂﬁp gmyeo . é‘n&‘?SE)?éétﬂvé‘ﬂﬂagg%é’}gﬁﬁd-\%lpﬁ% Alio of 71.1.

not m I ng, are uni que

In thlfs 5%%&' gdt I%florrngéﬁgg];tt sté{%qu ﬁ? l?@pat Ifgrﬁ@frsp[]@rmgle’(o cause a much

center of f|0tatloVYr§LCF) and thrust |ine, such that

greaten Bygmsiticiraftathawihatateiott se seas are adequat e.

The center of gravity needed to neet the required
cardirealmes then unusnsbfeatarest bbW Hieanehd HeHI fifufibtatioapwithna static
planformin profile, and thrust line |ocation. A good

wateMAAnewbas nﬁ@elsu@atthmm’@rumeasmmWawItéth%&materplane as

units msasured forward fromthe stern, i.e
is usafifor ¢ épesrhtrrb?]aaﬂc gh : dtﬂlé_ g8ntaPBY gag@k&) woaaffah a?'a?ﬁ%{;»;% LOA,

requilﬁnoé the same position of CG, it would cause excessive drag in displacement
supercritical regime; and would negate the large distances between CG and LCF of
transonic hull in its various regimes, and would cause an unstable pitch situation at
higher speeds. Also, TH’s stern’s wake in supercritical regime would be destroyed.
With such parallel flotation, the remedy to move CG forward for pitch stability would
require a submerged nose bulb on a fransonic hull, which would impair drag and be
undesirable in an advefée sea, resulting in slamming loads and large variations of
structural bending moments at midbody.

5h.  Stern Dé,vices to Make a Single TH Operational in Various Speed

Regimés.

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
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bel ow it. The above unique features are
characteristics for clains. Furthernore, to achieve a
wao e@smdaison from hypercritical to transpl anar PEQUS®E4/004485

on TH1Il with a stable CG th_e correspondi ng aft
critic%éﬁﬂ&g%ﬁ%&%ﬁ@yﬁlﬁ@? &%‘Qt T r{v;ngpﬁgléﬁ%@lﬁg@(sgmx;plamng boats.

under surface, shown as 73 having a |l ength of 2.5-3.5%
of iz Vigd\ghiowss B sundersufans withea flapatbipfilet 5 adjacent stern 77, with
approximately -5 degrees, as shown by angle -a. This

a stelinsflapud® matrited synatithilyext éme camebr obstirfaces Pr aati 75 with an upward
profile shape of high speed pl aning boats, which

flap angrO8TENGbORPES idrRdl & eWalag ohaRd oF 28% IVFLN This negatjve angle is
facilitate planing w thout excessive angle of attack,

needé@‘i‘g\f@'eﬁ@rét@déﬁbegbk@rn%égc re.espérﬁan'afﬁ 1185 i) & emgm fansplanar

I evi ate noSe-up ten ency at bo om of

e.cr anc f h shape nd contr ol
regimfy 84 St 4B Be T et RS do ShierBEhEataps, but not
under st ood, b ni zing the variables involved in
desireg t%ﬁuwer'ilq%ﬂr?\wggcrﬁya?r@&yﬂ% c regi mes change from
zero speed to transplanar in calmwater and in a sea.
Chigs ildershowsrtheatendlapeofgiig etdd inshgliddds thae typecafratem affFig. 14c
buoyancy, hydrodynam c center of buoyancy during hull

modified tooaccdmrgi dptithizall maindfepraiie.f Speaffically, (théfe isdlR drofile aft of
centroi d of waterplane) which changes radically in

hull 7tsr @Hﬁu‘h‘ Airdks rg%emgﬁo tRE HESF %ngée&%??@‘cﬁ @Q%;@{ﬁltﬁgf&@smducmg

rmmentum hange, ct o chang

oSO e SR e i ati

nd, in an adver e se r exanple, in the exa

I, withapit exeessivo(ca ﬁt%%@ft At cersarSSthenaiis B'nlgleérﬁ §Tleéfﬂ flap 82 of
e., 40% LW, the center of |ongitudinal flotation
about@\éf/ceclpﬂ)rdrmoaia@ isemt toojus) tuber§eeby Bresmnestisg uod betveamarm 85
stern (33%of LW) in supercritical reginme, to roughly

and biacket 84. The flap has an angle of about -5° for transplanar flow, and optionally
for subcritical flow up to about -8°.. However, the flap reverses the effect of upwards
curvature 79 to about zero exit angle at stern 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.

I 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
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units fromstern (21 %of LW) in transplanar regine.
Accordingly, the critical distance between CG and LCF

wo a00p/09016m (28 - 23.3) units = 4.7 units for PCT/US2004/004485
supercriti cal and hypercritical reginmes, which is 6.7%
. to (28 - 15) units = 13 units, \NhIChIS 18. 5% of
effeg@pn |h|§'”th?élatvfc&r1§ AdyeEse segs.mEOr Ahe dattercdsenian increase of weight
position is shown as nuneral 70 in Fig. l1l4a. These

permﬂ@ammaﬁﬁGdamtmrs famekanglla! fopweljheso-pen tﬁlré‘t'ldléf 78)the CG can
longitudinal trim stability, and control have been

be rasesp batk &dnf 0140 fe0 3R RHAMNISO Qﬂz"hbh r v@élghpfooﬁmhm Rt to permit

revi ewed, vvlthatralllngfapo e sho

casiBt 8ntry46 tILEEREDIRHaF Ao, Wi th the hul I havi ng
r ound rgd cornersﬂbetvveeg(n?ﬁ]gl des and bottom surfaces of

ragi us 25% stern's
beglm Va%\‘l gﬁlobr’?ls%%]%i 9|“P Qfgjé'brret ry in the exanpl e
ab ve alter sonpwhat the paraneters and rel ations
Hg Sth?&‘fsr%f’e\"’rr PHIMS Wi¥igh h@§/ bean gevelepediby thiseyriter's R&D on
aI so dependent on ratio of weight to volune, for
a trasnsanisl Ryl whiig Rf sueh eopeculiar caheedhat even itsirslatiefttb the transonic
00. The exanple given is a guide for ratios in the

hydrofielepremiss gl Lﬁﬁjerﬁﬁnwmgsca‘rehéf@ﬂitﬁ@ xpforeli Btugh
30,000 tons and 750 feet LW has a vveﬁll%gﬁ?)to VO Urgetheabsence :

of sHoaldet, mfciﬂod énd qbartémlgryét%ﬁ&e&ﬁm kérnéﬁs'ag‘g(? ;a?@‘éné&beneﬂc:al.

di stribute the [.oading transoni c :
Cha t w t ha at. stern., )
But o rea % ﬁgé/ dj{]ﬁ% éﬁ@%rat'o %@ftgffuﬁ)-lqngﬁ ghdipg ang is therefore
id {,}é El%\nthastatlc wat er pl ane were made such that
identiied, ag e s [RIRCe SRSPUNIked N dhe highardange of speeds, testimony of
i s usual for conventional ships, the center of
which #5¢ Rhejogianhe shawingthesyoiace zavditions spegified indFig.E5 at, around,

same position of CG it would cause excessive drag in
and i reir af dne sters Y esfcTH tiodgl 90: eﬁhmak@%sf\@*ﬂbtje@@ﬂ@IbBressmn with

the | arge di stances between CG and LCF of
a smooth left edge 93 and a smooth right edge 97 which project rearwards as water
extensions of the flat sides of body 90. Wake cross-sections at 96 and 95 show a flat
surface of wake below thé level of undisturbed flat water-surface areas 92 outboard of ,
depression at 97, and 94 onjtboard of depression 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 ié noted, TH has a deeper draft forward as outlined with dash-lines
in Fig. 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.

5. Roll Control for TH with Stern and Lateral Flaps and Bottom Streaks.
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transonic hull in its various regines, and woul d cause

an unstable pitch situation at higher speeds. Al so,
wabkbos/ogier n' s wake in supercritical regi me wouPdI/b82004/004485

destroyed. Wth such parallel flotation, the renedy to

nove CG forward for pitch stabili t_?( woul d require a
sublii@r Heahews &im@ang emntel dewires fivrct Hof special waluader tarns of TH in
i npair drag and be undesirable in an adverse sea,

the hgpeicritiogl and thaspfangr Modds. &huTHat3ehemr satiderternf100 having at
structural bending nonments at m dbody. 5h. Stern

its I0wEr 6dge tiirelyBternaip seraerits Hibgsd bt 86Iheamai@109UThe center flap
Speed Regi nes. To nake feasible a flexible and

segfidrit Gliognictd 35?2(%&3{9%!9?335529@8 ﬁc{as%r-‘éﬁ Rt ?L?ﬂiﬁcga%ﬁu%eénd IStherefore

entire broa - 1.e., 'subcr

. neriti . 1.t and .t.ranspl r
raisB A P rLPRBRRLD A Blast B o BT PuRr 3P ERurtace 1 2 The flaps
[ f le, with il d
oe BRI BH T g8 o83 Ao b 12,10 o
_differentcritical and opposite way than stern tabs on
rightejele ehhubh s, andleftilgpdi0sde lweredbyrendle 406 in ehpsité4tirection than
shows TH s undersurface with a flat aft profile 75

angked] @ dotraiseehe |67 sideidfTHL 1 $8 e Aecbidingly STHIENKE o the right and the
snoothly at the corner of surfaces 77 and 75, with an

bottoRVaTFhcel AT HE fieRbe & Wi AwePio tRB I?'igﬁt éﬁ@érrégfgéﬁ?g conventional

chord of 2.5% LW.. Thi's negative ang IS nee

8B LR NS 14 bRy ML oBBBEeS3ch st

. nd . in certain:cases in subcritical reginmes, but not
righfy 8 RENEOS Bhecons faa RURGHH, Bk shawn et 10r 487 mes
Fi g\ l4e shows the stern flap of Fi %1 14d installed in
t h&n@jieenativedueing eetindjs shawnin Hid. i1 6dcaropeising pretactable lateral
optim zed hull aft profile. Specifically, there is
flap fiD&thimgeaf @i an axis 1608 ihclinedif prdfile view to/lesveys pokitive @ngleof attack
rear in sector 79 of 4.2%L0OA, thereby reducing
o relative to the flow on the sides of TH. The deployed position of flap 108 shown in
Fig. 16 causes an added lift on r‘ightr side of TH 113, and éin‘ce the left flap 114 remains
retracted, the right side of THis raised, causing a turn to the left. For rectilinear motion,
right flap 108 is retracted by its actuation piston 111 and is nested 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
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stern's draft about 0.18, thereby increasing i mersed
vol une contribution of rear of TH II, w thout
we@endilye | ocal stern draft. At corner 83 theP@I/US2004/004485
hinged a stern flap 82 of about 2.1 %chord operated
ue tubé 86 by a connecting rod between arm 85
po“%%@”%bgéget 84. The flap has an angle of about -5 for
trqqulagar flow, and optionally for subcritical flow
up & ReE6tof usagewdieiarllansnef Fipapb iedesedred incablife orm below
. of ugmards curvature 79 to about zero exit angle at
in whicky i repregepissangles rdstivento thegeanward majectiofl of hull's undersurface
hypercritical regines, and has a special brake
112posiegrems. 89 whi ch buries the bow of TH and raises its
stern for a drag increnment from both sources,
especially beneficial for braking in hypercritical and
transpl anar speed reginmes. | have reviewed with the
aid of Figs. 12, 13, and 14, the specifications for
shape, hydrostatic and hydrodynam cs of TH in
supercritical, hypercritical, and transpl anar regines,
center of gravity and LCF | ocations and thrust |ine
| ocations, planform ‘and beam | oadi ngs, rear profile
shape of TH, stern flap for TH and their conbinati ons,
the distribution of dry and wetted undersurface areas
and correspondi ng volunes, and theireffects on hul
behavi or in adverse seas. For the latter case, an
I ncrease of weight permts a nore aft CG | ocation;
forexanple, for weight-to-length ratio-of 76, the CG
can be noved back from0.40 to 0.39, and al so at
lighter weight-to-length ratio to pernmit easier entry
to the transplanar reginme. 5i. Additional X-Speed
Regi me of TH Fig. 15 shows a new regi ne which has been
devel oped by this witer's R& on a transonic hull. It
is of such a peculiar nature that even its relation to
the transonic hydrofield prem ses and under standi ngs
are notentirel yexpl ored, although the absence
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of shoul der, m dbody, and quarter curvatures of TH

remains critical and nost beneficial. But the
wowrioenoEsr f ace conditi ons appear to defy full PCT/US2004/004485

understanding, and is therefore identified as the

X-reqgime, encountered in the higher range of speeds,

Flégeéééﬂ&*y of which afeeﬁ@gkogfapgs &%Wicé}ﬂ‘la ne Su[l)'\rigﬁ:’teﬂap

ons_specified around ~"and

SubgAfical] strd] hstern 9 1pf TH body 90| _4The wake hag _
g 12

nnnnnnnnnnnnnn +h a c-rmni-h aft ~dnn Q2
cogtt—y

| | al CVCTT UCPI COoOOTlnT UIlT VVI LML A \4| 19

Hypeowitical; istratghédge 97| shi ch proj ect [éarwards as' \wager

extensions of thefHat—sidesof—body 96— ke

Hypetpsiticgb sighblgnat 96| BAd 95 show a ft7at surface ¢f10

wake bel ow the | evel of undisturbed flat water-surface
areas 92 outboard of depression at 97, and 94 outboard
of depression 95. There is no evidence in the wake of

NPT K SRS SUSO e AR g s

h s noted,. TH has a deeper draft forward as outlined
yp%ctrlh %Jash Ilnes in-Fig. 15. The pervasive fl at
surf aces, ofthe flow field outside the confines ofthe
waK 8¢ ragimas of use qf jafprrl flape oflbige 16 Rie imtha snperasiticalnhypercritical,
extraordi nary hydrodynam c regine, in which it is ‘
and pragispleinar tegimest withedongifuding I¢rgth tieat daindye optimizedif desired, for
in the wake of V sin 4 with V being boat speed and

the picférrdd Bpesd régihie, tbeerampleobBlcutitrl Basle. 5 . Rol |
Control for TH with Stern and Lateral Fl aps and Bottom

St SEakSLE dial ﬁl@gé? &Fd ghéﬁﬁ’crﬁﬁﬂ&r devi ces for TH

peci a val u urn Yo hyper critical

10 '%aw%\'gﬁn%%@) 83\4\/8?3 &’@é‘g’ %ﬂ‘f%&a%‘?l@r ﬁp@lf ogﬁgﬂ%Fﬂl@WS'
hi nged at collinear axis 107. The center flap segnent
108- act 9Nprdaski peackigny @%r‘@t@ir%ieﬂ@ib%élmﬂﬂ ri29 Q[@ld@lwed when

turn, and is therefore raised up by angle 102 in
operraélﬁgmadversa vatefss ¢orl exanoplef ingtresenes offWasenRaceorpared to calm
The flaps are shown for right turn. Right flap 101 is
watdrdeseldi Dy Wngee sk b@:ﬁ@ﬁﬁbné h@prdgEtly 8&si§h8dé TH will penetrate the
swells with- minimal ‘Iossﬂ of speed, but there may be some water from the swells
reaching the tovp of the freeboard during the penetra;tion. 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 thé forward lateral flap pair 123 only for pitch up, or the aft
lateral flap pair 125 for nose down pitch of the hull.
C. Lateral control function. Only one flap of midbody flap pair 124 can be

used for roll of the hull without pitch effects, or only one flap of pair 125 can be
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right side of hull 113, and left flap 105 is | owered

by angle 106 in opposite direction than angle 104, to
wo a00seotibe | eft side of TH 113. Accordi ngly, TeChHEHSI084/004485

to the right- and the bottom surface of THexperiences,

when ]yavved to the right underaction of conventional
depiyggisior rall tawards jae APppsite sidss vtiele Mouichnehbave gsiflaps deployed,

whi ch generates a curved path to the right, under
andNeageosiown pécbnd | aw. (Rudder not shown in Fig. 16.) An

alternative turning nethod is showmn in Fig. 16 ,

confri siHgave dogitriohdhalké Ri h@p@éalraﬁgénhéaéphyﬁ&?gs 8f th@ntire flap

Ive

axis 109 inclined in profile viewo have a posi

S e & R HE It of B, b 183 vl generate
: i£t..0on riaght side.of TH 113, and

mid§BU7 R e PERER Ci M I iel W St e, the 11 ght
side of TH js.rajsed, cauii, ng a turn to the |eft. For
re&i | i h&ssd IptRrpdlRPSagMalkinaRathesAs analiernatived oblpwer sost), and
actuation piston 111 and is nested snoothly in

at sgap fossi efncalop water perfeindancs, pramaneot hateralcftagis cad be used for
Fig. 16 is the cross-sectional curvature used atthe

opetatiogriainotroakandadverse stas fendhalsb to $Berdsgitiths télRave crew walk on
curvature corresponds to a local ellipse sector with

therfTaf @ie freSarkbhftididlctioR Forinbpbaid '
speed regi mes of Fi99I. 12alt8 ﬁ%@%yigmgibﬁ’k%%é@&ggf@m anchor

i di fferent enbodi nent is shown at | eft
mar@ﬁﬁéﬁwmgnméar 'y sharp corner 116, which is best
us fo -reqgi e .of Fig. 15. As consequence, the
'SbF | aRaligoitielittiverdal DauptieBec herassoner
position on the sides of TH 113, wi th norepowerful
ef Figet!7 atsreshryvea yerticahipacefliketsarface ! 12Fs whichRian bd 8dated to be
described in tabular formbelow in which b represents

retramitajhle Hatteha flap ot miniheum elragdn degtilipeac mationof WHEA rddder 126 is
undersurface 112 in degrees. Transpl anar and

rotal?;d?nﬁ F’gﬂ btéig)ér%*te d%%nﬂ{fugéﬁ’bfbé étaﬂﬁé dtérn, shP Bkt th 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 raisés the pressure on
the right side of fence 127 and therefore rolls TH right side upwards. The combined
action of yaw by the rﬁdder and roll by fence 127 causes the generation of a centripetal
force on the hull tovwardé.: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 inwérd force on the right side of the hull.
Combined they can generate very tight radius of turn. | |

om.  Unique Size Effect on Efficiency of Full Size TH Vessels.

My analysis of my tests, | further discovered a very subtle but very important
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hypercritical. The reginmes of use of lateral flaps of
Fig. 16 are in the supercritical, hypercritical, and

wao e@sspiiamar regi mes, with a |ongitudi nal | engediT/ukzmn4/004485
can be optim zed, if desired, for the preferred speed
regime, for exanple, as outlined bel ow. 5k. Latera

dVﬁnﬁf}@ mofl?StWa’fl"@ﬁjW%Wthfﬂbtnaifagn‘aIlOFCnga T sbipapplicable to certain
| at eral devices which have various applications, as

hydfanlyinawsic regimeBrof Tétk ek deteraiined in ibeel tabe! dthefldARRHtAYE is a unique
TH 120 are depl oyed when operating in adverse waters,

fundt®n @@i@lr@reéé@sﬁb?? B RuRfwiEN S ﬁ@?pre%@ﬁplﬁrtﬁg |ﬁéérre‘é§é ' size for

wat er | evel 121 . -Under these condit'ions

d wi &l .pe S mal .
con osli&réi g%ged értr)ra:? ?ﬁereéiaéﬂa@gﬁm@hé %%%ff q?rﬁlﬁll {mhéilsplacement
reaching the top of the freepoar t he o
supS e, PRIl S8 B a0 TeoWaR s BULERAIM Povieoaisorigin and
left lateral flaps 123 forward, 124 at m dbody, and
wavgzgaking Phenemenger g efanementumn ahengedpsudBiess significant over
16. b. Pitch control function. In high speed regines
thesensperib panpasacempared to sorvértional elispladement on pRhg hulls in the
sel ective use of lateral flaps can be used for pitc

call ranber Te At-tolaR PtiB ImipReV R IEre aLiRg &lze f i
San%lcgz?r? pJfP§123 ﬁ?bfor p| tgghhéltlupmtpor the aft r égle? a‘ze orvarious

[ .
reaqonBPoR potan{ RpsBRT R Bl dhabidebh % S?Erﬁrlao@@w:th Reynolds
r. 124 ca r e hu t hou .
numef B4 inb st cgﬁﬁ?ﬁrﬁ%éorr%aumbera. or ex8mplg, If drag coefficient
hedepl oyed for roll towards the opposite side, which
with,{Béf easm serlo draramedabio bl dgeraases 0fasandidwfor simplicity, the
pitch. d . Heave control. In the high speed range, the
wsc@@d@gm&sesbﬁnataé wdthithe eubeapthe scale, it would be diminished by 50%,

but the wave-making drag and the welght would be calculated W|th the cube of the
scale. Moreover, srnce a Wetted area increases with the square of the scale, there
would be a further redqctron of viscous drag. The practical consequences of TH’s
reduction of wave-makihg‘czrrag in displacement mode in model tests is that the weight
to beam ratio of a TH shrp predlcted from model tests can be estlmated to be 20% or
more than that predrcted from model tests of a conventional displacement ship at same
speed, size, and weight.

on.  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 frorn about midbody up to the bow,
which reserves are transiently engaged in adverse seas, to raise the ship’s bow when

encountering waves. Even displacement ships such as destroyers having a sharp entry
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set will generate sone heave, orthe deploynent of

m dbodyflap pair 124 will generate m dbody heave
wa@eaposoenso CG with mininmal pitch effects. e. Fi R€HUS2004/004485

| ateral flaps as wal king paths: As an alternative (of

| oner cost), and at sone |oss of cal mwater
at thedaqvpatimaiesplape levehand nadoenvedtefilamss aremaverthelssflared outwards
operation in normal and adverse seas, and also to

andderwardaab et Waterplahevte proeidewaldyanoy tdesves) d\ell asermit open
and aft direction for inspection of window seals for

deck®foraard prétBeted Mot \lrs©88ad B8RS Sbdve @bck B?/L;I

Control with Vertical Undersurface Fences. Fig.

al V. ' SN i,ch.
came a@ap\)’? téqd\?%%bg@&rpét ra %Hﬁg %O(L)é[t% %‘n%%flﬂ%@ ?%Sta#t'al buoyancy
nm ni ‘drag i.n rectilinear notion. Wen rudder 126 is

resqf 0%, AU S0 Rgi PpE GEitapaU BoRnER TR imiARO0Y dbdBedowHor the same
stern, say outward-of tthe paper. This will yaw the

PUTRASEENn towards the right. As outward nmotion is -
devel oped, a | ateral water flow conponent i nwards
t olteraisalseripzen #ie. pradtiee eif quewentiondl stips esdtbuats to place heavy
pressure on the right side of fence 127 and therefore

compohkatsTamid-ghibs St dupwayitdh indifig. combi ned action of
yaw by the rudder and roll by fence 127 causes the

gegﬁl[a:pit-l?&bé? h e f t’t'?\t, and & & lﬁﬁ%ﬁp{t%géﬂé%ﬁ{:aW&%? monohull

.
th causing a le turn pa
force has two

n's _second | aw._The centri pet t i

appiath8s e 3 BREIE st ifes 2P0 Ve RER B eckmraa e as it eeral important

the hull, and-the other is the inward force on the
dep?ﬁt'ﬁﬁtﬁi Agsigpifephiep prempliiedi inddos hi8a ieatBgener at e

very tight radius of turn. 5m Unique Size Effect on

Ef Flocil8achowis Hanviesi 130 THT Megitteb dendih o7l wrsitssaraf max beam aft

tests, | further discovered a very subtle but very
of 16npuits. amigdyabtsigavd BidesVielRtbR®ur NMES2Vabeve -dtatidifler 134: and

ratio of a TH ship applicable to certain | |
submerged profile line 136. Figs. 18c to 18g show cross-sections of TH. The following
uniqué features are noted: |
-~ A very sharp total entfy angle in planfc)rm into waves at all levels above
and'bélrow Watérplane as shown in Fig. 18a, and éonfirmed by cross-
section 18, 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, ev'ident in the transverse cross—sectioh Figs. 18c to 18f.

-- A traverse cross-sectional shape distribution above static waterplane in

the forward region of the hull that has falling shoulders ‘or an inverted vee
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hydrodynam c regi nes of TH, as determ ned in nodel
tests. The advantage is a unique function of size

w0 p@seeEses for TH s hull, which is not presentPCTUS1964/004485
i ncrease of size for conventional hulls. Since the
dra rowth with speed of TH i i spl-acenent . )
supgr gr i*ﬁa@&m" CH%&?*@NQ "Eadll?acgsnﬁow\éﬁﬁ ReIng Migicadsas shown in
is principally of viscous origin and wave-naki ng
phenomerfdd®r1& ty1&f nonent um change is nuch |ess
significant over these speed ranges conpared to
corvent iAmahcldssg habitaletvolumplirathieniprivatd soritiontdfens AR to permit
speed range, TH s weight-to-drag ratio i nmproves with

| nCr easigigreRigZ6f Waved a8 iSRBWNTIK TG S/8caBe Sf,”mﬁtééﬂ"bﬂ conventional
reason is that viscous drag decreases strongly wt

number . JERRRIEKED IR\ftel, O 6F BE pRlopklTBhARHG, Sk ¢
1 TS Res o PPl GReerh DRy f e e S adaraahown in Figs.
with the cube of the scale, it would be dimnished by

18 rgyigvad abqyee chalrstamagchiyrtnesdn thefollawingsi ght woul d be
cal culated with the cube of the scale. Mreover, since

a wet t edn higed 8anan eatry angle ¢xtehding do eiressidés bhkulbbelo®, and above
there would be a further reduction of viscous drag.

The pr astdteplareoaisiet) engrs1 38 oflapprokiatitelyi 13°, &er'the entire length
wave- maki ng. drag in di spl acement node in nodel tests

is that of e Mg ght to beamratio of a TH ship

predi cted fromnodel tests can be estimated to be 20%

or _nore n.that . ' rom.nodel, tests af
corvent AR Eflcal Reah A5 OB dibbiotnaly 4.2% of the
and weight. 5 H Shapes for Sol ving General Probl ens
in Adve%é@%@gépﬂ-gﬁggg%’pﬁﬁaoﬂif@pﬁ’l‘ stashrens inbigss! dmerd 18d
been designed in the past and present with substanti al
buoyanc{ressseestian obindl abeeewaterplaaegeith fnvertedeet as in Figs 18d
m dbody up to the bow,
- and e, or inverted 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

station 57% and station 80%, with a hull’s center of gravity at approximately 40%
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whi ch reserves are transiently engaged in adverse

seas, to raise the ship's bow when encountering waves.
wEr@s/02li1spl acenent shi ps such as destroyers haRCTYSH04/004485

sharp entryatthe bowatwat erpl ane | evel and

narrownat er pl anes are neverthel ess flared outwards and

statjqsl whiiepeaIREPe Weie abiainad by 9rapligiestimalies whigh areswgogssarily rough
as well as pernit open decks forward protected from

in nativer grd saadebefifiad bys:omxmtermm:tkalbelaébns mithcoftware having wave
with vee bottons and pl ani ng boats al so have

simaldishaaithelighh wey datest critens e sncutbpleteabebguse Bite SyAmME&ry of the
reserves from m dbody to the bow, for the sane

for\/Pardpé’ﬁea?rea'df Wakerplpe. PeRBst h‘étr@é @é&ul@@n ®hinimum heave and pitch

conventional ships and boats to place heavy conpone
Ips, to reduce pitch i nertr a. The TH design
dIStgFBr?g’rciég from and is contrary to, these traditional

For ey ieiRt @6e Th-) [pieBhBriAnd frsbla Riio ol s vary meortant and

desrgnfeatures exenp I|f|ed|n Figs. 18a to 18g. Fig.
critig@l4o Stasiiy trpatmﬁ/dmarm@doadmmatniqhsneecer@tthe bl 7for example, under
and max beam aft of 16 units. Fig. 18b shows side view

actionof wave 132, swovsidetraily snvalee thaksebnventiosalney glthder boats, such
profile line 136. Figs. 18c to 18g show cross-sections

as tRht didwr hesbalHerse Wrb“é‘aﬁbiﬁof ﬁé@é&h%ér 2064 1ok &5k fo‘hoV\f'?r'iQ’ reasons:
sharp total entry angle in planforminto waves at al

L4 S RE) S ET  SB gtasn o
in wﬁs?“%m@ee AR rptiFiF e e i Ui aeSmmplmiaf TH is much
smaﬁle?than wrth very slender hulls ‘having dynamic lift assist and which at speed tend
to ride nose high w{rth a large portion of the hull's dry area and volume exposed to
wave's impact and rherefore ,‘c‘apable of generating very large Ioads.

. 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 midsh;ip“, l’asf is shown in other U.S. patents. Thus, for a given profile,
the volume of buoyancy :re‘serves of TH is less in forward region.

. Cross-section forward has an inverted vee shape to prevent extremely
high local loads dnder dynamic water impact when piercing a wave or from waves
breaking on top of the hull euch 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

the heavy components of the ship to maximize the longitudinal moment of inertia, i.e.,
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A greatly reduced volune in forward region of the hull
above static waterplane, evident in the transverse
wee@ss9Esect i on Figs. 18c to 18f. A traverse  PCT/US2004/004485
cross-sectional shape distribution above static
terplane in the forward region of the hull that has
that@gout gaagﬁhs%nsee%s tHrough theveenterpfgsadyatd Ofb stgtiosiimBige 18b, and
vertical |oads from waves being pierced, as shown in
an atfegativegene threegh tix lengitudired ceatsrtadifiotation aid8 Y roftsgtion in Fig.
forward portion of the hull to permt piercing of

18awmdels, althalybvihel lattér asteriads incori@ibte bacd®olhe asymmetry of the
conventional designs taking in water on top of an” open

f . Pl Ay
e s e g g, P GRaBUIL g e, an

LEL L0 i NQ; Fi g.
otne B48y aFHY A EEAC Sl L S hpied J2E fﬁ?dﬁir?ﬁfs' fibive shown
very 5y EnDitS i 8% FuRivis 4t oiahe anigl Roskwewkt Resigned near the

Low profile with vertical freeboard forward of
hull'g gpeiex il Rigtraay nacessitate, imeettaingaisesf thrwinusual @B%rplant distribution
station fromstern, as in Figs 18b and 18d ‘
shown osEiged& i'on of hull above waterplane with inverted
vee as in Figs 18d and-e, or inverted Uas in Fig.

1850. W WWeighsdamabutibawfayeral | profile with a maxi mum
hei ght above wat er pl ane of approxi mtely 7% of overall

P8 oa b SO E TR 140t LSRN0, HELengine 152
d riviﬁé’ %ﬁﬁgd@?flg{/n p\poﬂééi{e? I1 gﬂed rl:\L(grdw' tH\Poiu% acgonnv%%tiglng ;hZia%’E %o?hsp%tected by
vertical fin 156 whicﬁh cAa‘ni also provide good tracking and centripetal forces in a yaw.
At the rear are a pair of left and right engines, only one of which is shoWn as engine
156. It drives a vertical shaft 158 which is submerged in rudder 160 to drive propeller
168 mounted on the rudder, ér separate and ahead of ;che rudder. The power plant
system can comprise jcheréfore three engines. Fuel tanks 151 and 153 are also located
at extremes of the>h'ull,‘ éo ‘{hat“ heévy components maximize pitch i’nerti‘a 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 feét‘ures 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 |sm 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,

and stairway 178 out of garage. All of which is uniquely possible by max beam at stern.
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condition, for exanple, during a transient diving
encounter into a | arge wave, such as wave 131 in Fig.
waBws/03thse addi ti onal vol ume shoul d be rel at edP€DUS1004/004485
wat er vol une di spl aced by the weight of the ship in
cal mwat er. Successful tests of TH have been made with
volde retealil and Lave Ohsgarabde Chevadteristidscofabidi t i onal
vol une between 80% station and bow in Fig 18b, and on
t hdRajuerdng td FRRISBf bnowhtesaridé theoslalthcintinadaeswasse arrangement
station 57% and station 80% wth a hull's center of
of Tor abyoveywaterpRMeOK34BBPLKifi tAL I Baﬁ@ﬁ '
obt ai ned bypgraphi c Sgti rrlg;tgf(}e% t\;ﬂ%iégﬂeg) e negggﬁsda{fr)ﬁ"?ﬁlgea faceted
critdr . ; ‘ efined b terd zed .
O ol ichaafe vt ieh eyl PRy o g i, having fat
t . I . criteria is, jnconpl ete because the
panglel KR h dfe: AbbF sp Rl atds P18k 67 T EPmPaRIR Tricpenels 138
. .ratiqs resu i n, mni pum heave and pitch di sturbances.
inclipgd eﬁqr?%ﬁb% foothenwatgrplane flg aﬁf\@f 39 raclinest al abowt 90° to the
Fig. 18, it is very inportant and critical to clarify
Watq?rﬁgqnet aed dgmaat panekititthg Taushdigecthpfredsaldve thee hull bresents only
for exanple, under action of wave 131 , is
three opanalsr dl38y leftrainken 38 haghtc ot Nhched ate45° SAeNIRE panel 140
boats, such as that shown in Sea Horse publication ol? ’

appRIiBEtRe) hdidhtall Frot2 Jﬂ?ibhg‘éﬁdégvié\ﬁmag%g% 8“ igigﬂt, there are only

speed, TH has near-zero or a very s

- L 7] 3 4_ and therefore, the
thre bRy Bnd: 155 FLBR IRt il rrdi e ROGFuPveby thaature, the
ith very sl ende |l | s _havi dynam c.lift assist and |
TH $hddh 1Sk RmEl Shadliio FISTE hesan B dpteniapitarsdmisd to four
. portion of the hull's dry area and vol une exposed to
dispgising eblighemetrfases: tHdrand?42 oaghs Irighbfargboeresporglivg psir on the
| arge | oads. Furthernore, the planview of TH is nuch
left, withoptemurherals. gi ven hul | beam because it is

triangular with max beam at stern, rather than with
| e84 cuCante¥ A SraVity Bnd Waterplane Centroid of TH
Other impdrtar{t details in Fig. 18 is the center of gravity 145 CG location at 40%

of hull length from ‘ystern, and the longitudinal center of flotation 143 LCF at 33% of
length from stern, really a waterblane centroid, providing thereby a dynamic stabilizing
arm between CG and LyCF\of 40%-33% = 7% of boat length in displacement mode, as
already mentioned for other figures and which is a radically larger numbertthan possible
for conventional disp!aéérﬁent ships, and is uniquely feasible with, and advantageous
for, TH. Inthe 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

As specified in original Patent Application 08/814,417, modern construction
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max beam near m dship, as is shown in other U S
patents. Thus, for a given profile, the volune of
whewganayo reserves of THis less in forward repiDOS2004/004485
Cross-section forward has an inverted vee shape to
prevent extrenely high | ocal, | oads under dypam c, water
methassHSINGARRPERER CHTRIAMARIBe Shegh ARG E welathy lAlRs G be used
top of the hull such as would be in the case if,
for THhsisadwoofl dambenytiliged. nvert ed vee, there woul d be an
inverted cup. Wth TH geonetric properties, it becones
esHeweadt, yTHd¢ant bgedeasighed diost lowbwpet tfakri¢aiiony methods, taking
components of the ship to maxim ze the | ongitudinal
advdRaGa bf &6 Uriqlid sinpliciy- oftdhtipealeepécially Waihsther g 8k pfefabricated
through the center of "gravity at 40% station in Fig.

com 381 ST B TRt AP BTt pemere
an B B SS P  A S BFR suracs.

wat er pl ane. Pl aci ng powerpl ant, heavy weapons, fue
| SR InaLHatent APl LUy OSBAA 456 SPRCTRAF a298 b, 21, 22, 23,
are inportant. The nodel tests have shown very
24, 2% 26ramiol 27 , métholut shange(exseptssuentiabyeroerals and spiapr grammatical
boat wei ght assigned near the hull's ends. This may
corré@ie@spi tate, in certain cases, the unusual powerpl ant
di stribution shown in Fig. 19. 50. Weight distribution

?‘;Ii@a"?%g %ﬁ?wé 97 éﬁicib'&tt%bg\ﬂe\)(liﬁﬂ—?co?ﬁwsgﬁ% 'g!gt’ﬂe'&ébr@ular lateral

: ocated engi ne driving a
saoB b SgEE ye e H11928 GBNERIR Ban I e it wiangutar
ot S 2P 0 EERL PSSR g 5 e vt

one of which is shown as engine 156. It drives a
triangalar iccaliles bafrevie@dwdrtier, itanscends yevermakingddag i@canyentional
drive propeller

hulls , but may have excessive wetted area and viscous drag.

Fig. 20b shows TH refined with simple construction methods to reduce viscous
drag by introducing additiopal tria}ngular flét panels at the undersurfaces of the hull,
rﬁodified to héve a hull with flat trapezoidal sides 22ﬁ and 223 converging at bow 224.
The undersurface comprises three triangular flats 229 at left, 225 at middle with center-
line 222, and é27 at rigﬁt. 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 aré 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

reduce viscous drag. lts undersurface and side surfaces comprise main
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168 nmounted on the rudder, or separate and ahead of
the rudder. The power plant system can conprise
wao b@sedwase t hree engi nes. Fuel tanks 151 and 1PGI/ESM04/004485
al so located at extremes of the hull, so that heavy
conponents nmpaxi m ze pitch inertia of the hull. The
quagiiiiengpar sulteresi24iuid4 31 245 and 2471 Bptwasen samedf whigh there are
18 in the forward half, but in the aft half there is
traperoidpkar iiaoguleadaingg tsivipsa24i2,t 24¢naind 2461 all ebwhichdiiend in bow 248,
conbi ne uniquely with the broad stern beam one is a
nowhettending @t ah andla 5P asthboA ik Ve retrele. thédralelsivolin@ engagement
stern garage 170 in Fig. 19b for |aunching and
per ru%ﬁtrdf%h@%safhrﬂiﬁéhld)f?(ﬁﬁéftpogﬁffﬁeéé 21@;224%,'"2]42, 518 2Hd 246 extend
h g. 1 a ow to frIt

ship is in mtion. Fig. 19 S0 shows \
el PRI R vBBLof 2o BEyde b o U5 891 46F carty of

arage, and stair 178 out. of garage. All of which

dranig, iR BEEK PHITHCB SRR NS HES0RKA oW Ataualn 240 o the
and Low Cbservabl e Characteristics of TH Returning to

forwgrg) degl surfagewdeféting apeanmardssWadtriangatar termiratioguofside surfaces
arrangement of Th above waterpl ane 134. Specifically,

241t Rer easebbpehsifuctiba, inFigufe22 element 2421246, @ndteren@42f, could be
| ow radar signature, which | review on the right side

rect@hglebof hBh highawspeat FtR), R PAhSpBNGNM Heind Mver cost of fabrication.
cross-sectional views 18c to 189, conprising flat

PR e BERRIEH B AP AR AR BB cqticions

apd t flat papel: 140. Thus,  di.rect]y.-from gbove the

to hilfedglR andlpe R Reariaudh SRgSSi6T Shlek ot Hagagigedock length for
right, both inclined at 45, and flat panel 140,

doclgpg: FxnAInEYY e i@fnﬁ@le.rmgrmifpaﬁe%tﬂlr efuwhishdway impact on water
vi ewf rom above on right, there are only three

lengéh @ndfarcrigtitingameinsentd I8r @i given dig§Slacemeni)40t nfayobe tHeeessary to
front view, by its nature, the TH shape' is extrenely

o S TR 1, SR oo e 20
meetdi§rebtdHtispldERIFS B%ﬂ'nﬁ'&lﬁffi’j’rﬁ b&Bmiifh a quified quasi-triangular
arrangement for a‘\giv'e‘h: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 triaﬁgle’s base station
252 inthe manﬁer shown in previous figures. But, in Figure 23 the hull is now extended
aft with an aft body of Iéngth 255, exfending between triangle's base station 252 and
stern region 253. Note fhat although the extension is quasi rectangular in planform at
deck level along 255, the submerged undersurface remains flat with main triangular

surface components 256 and 257, and flat near triangular surface components 258 and

259, extending to transom 260.
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left, without nunerals. 5q. Center of Gravity and

Wat erpl ane Centroid of TH Other inportant details in
wWoe@5/04850 s the center of gravity 145 CG | ocat PORUS1040004485

of hull length fromstem and the |ongitudinal center

of flotation 143 LCF at 33% of |length fromstern,

r ed speciahfeabirg femBH sbawndn&igwedid ithg use«febytical or anhedraled

dynam c stabilizing arm between CG and LCF of 40% 33%
wingle®®261 anda262 ehiierear ahd pf dee halittonedect @heady @ragdy the fan-like

mentioned for other figures and which is a radically

. ! Sl | |
subbﬁg’%«?ﬂ AGARld aﬁﬁg BOFaEY 258 Shd 990 MABEY regsn\?ﬁgttn? h g'r! : effective

acenent ships, and is uniquely feasibl

beaﬁ'gér@tlpér?%%‘? 480f \%fthoJﬁhcﬂe%sLH%ﬁtsIa %ﬁgg%&géilg%ﬂg rl?gtam for the case of

n1s increased subst | can

reach the er of 14% in.reference to transplanar L .
vertigzbmaials. Hififke NndGAgindueiy  alesdAl SRR ot eft sie

for TH As specified in original Patent Application ]
of Figirg123.4h2y Gavdeeginderastrar feas Inetralods supprifing part of the weight

conposite, or stanped netal sheet and/or wel ded pl ates
otharatisehsupseded by MM extensiono?ddb,caind ieeyutahialsa serve for directional

However, TH can be ‘designed for | ow cost fabrication

contrBl hods, taking advantage of its unique sinplicity of
shape, especially with the use of prefabricated

Cormg%iéa ARt :Sipg;aﬂzq) f@z@kwa@gﬁg%qeﬂﬂwe@aﬁﬁée 4 Pgen flat or

can be used in f el ement s, w th gentle sing
ugvat ur.e nel. obt.ain r odynam | ysnmoot h . ,
neaflyiGbtG8aBY Rivicy BafaiiS =R PYAIEAEHORTO PSS Mg tiangular
speci fied Figs.: 20a, 20h, 2 1, 22, 23, 24, 25, 26 and
featyres, Withdrareasing gﬂéaﬁt SRddpereasiigeheanasiheerales meues towards the
m nor grammatical corrections). Fig. 20a shows an
rear, settiegra taviooahle gravitationdl Mytrostaiic preagurel gradient for the flow which
rectangul ar | ateral V
remains active in hydrodynamic condition.

The development of shapes using flat surface cokhpohehts reduces fabrication
costs and helps illu;str‘altey 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.

Fig. 28A shows a multihull using two parallel TH hulls 301 and 303 which at
supercritical speeds énd above have no wake interference in the vicinity of the vessel,
as can be seen by inboard ray patterns 309 and 311. Outboard rays are 313 and 315.
The hulls are driven by propellers 305 and 307. Hence, the hydrodynamic TH benefits
are retained in full.

Fig. 28B showé a rédiCaIIy different multihull approach exemplified with TH hulls,

but applicable to other hulls. Specifically, right and left hulls 310 and 312 have their
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si des 200 and 203, converging at bow 204 in triangul ar
planform a flat triangular bottom 205, with
w@emsevdisme 202; and a flat stern regi on 206. A@N/BS2004/004485
shape, with a wetted triangular profile, as reviewed
ear|ier, transcends wave-naki ng drag of conventi onal
longiudingl axisiof sairaeine osiwasly pEenkad: Bua 4pe Durangle 4t sespect to a
drag. Fig. 20b shows TH refined with sinple
genecal saxisiaifi symmetrigodAst @ coadaqeende coutbodrdagaysy 320 and 322 have
i ntroduci ng additional triangular flat panels at the
diminisiRicssizé anesiray efféet, With lossisttdd side 60rfa6y &R irtBYdrd rays 324 and
with flat trapezoi dai sides 221 and 223 convergi ng at

326*?894‘6! Pthterfdre té'ﬁt?’lﬁbgtb' F4i8€ Frak éej%\?mx%ltcﬂgg &4nd irncﬁ%% g%ard wetted

[ats 229 at at m ent er

iy ﬁ%ﬁ'esafgxb%*&%cové?ga&& S ST

ac develo ment Lnh which its sides_and
anduﬁﬂi PYgYEk 188 MHLH l!ncr'? Ride 236 Ineguippedr Wil guatar accelerating
flat surface elenents 231 , 232, 233, 234, 235, and
propdsive sneany Bag shiowsoas a3yatiany of diveriwater jefs detween the hulls which
region 238. Figure 22 shows a shape devel oped from

whefi gper@tidnal rdzotenceitain efniengd comteht of heys 324 uAE 3065 esdiscing their
drag. Its undersurface and side surfaces conprise

tend@icVQ%ﬁbretars'ea\ﬁﬁﬂé'r AvaUFd ARy Bt elra@ﬁOI rgﬁﬁﬁ’gd;‘rﬁ‘,dre%lﬂzmg inboard

bet ween sone of which there are tra

Iateﬁ] \Aféh?t%gl fc@hr%ﬁ@mﬁéds‘?ﬁr%gﬁ' §;§p§§§f %8369431?r§{\%’? @ftggbin addition
o) %ﬁﬁ“ & thrﬁlls ﬁs ﬂntﬁéﬂéﬁé‘v@& qrgﬂQh';Jengtegntaccelerative flow

Surfaces 242, 243, 244, 245 and 246 extend rearwardly
appeaeasid3a flat transom 249 of little depth, shown

vertical only for clarity of draw ng. The upper deck

SUFia @8 atrenaranovitinehree dits bolis 340034 2Ataran34ndhig a?sHcould be

to the forward deck surface, .defining a rearward

con 4| RS, 148 08 Sopelfr Sl 2454358 o batres
346334 2 %a%ﬁ%ftﬁeoﬂllpg uk??lg. 28B, which provide unique interactive benefits of
decreasing drag and increaéing thrust. Forsmaller mdltihulls, the power groups can be
made with batferies of outboard marine enginés. |

The numerical valqés bf the design criteria mentioned abéve are representative
for the hull characterfstics; reviewed, and may be adjusted for specific TH hull shapes
with full size weights, cOrresbonding 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
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rectangl es of very high aspect ratio, the principa

gain being | ower cost of fabrication. Figure 23 shows
w@2008109@s6 on of TH, in which, when there are prPEr/USIA4004485

restrictions to hull length and/or hull beam (such as

design rules, or avail able dock | ength for docking, or
safetnxelatad meser.ftbese matiass shgulshe swestigaled a1d deiesminggsolely by

i npact on water |ength and/or . righting noments for a
licengaccmadutatacesemhd have thagolegesporsibiityint sudtonattgrst he

TH archetype of Figure 19. For exanple, hull shape

sh@Manges chel Wetn 28e BB tHesdranaijseaindk savifaeriors witheedeparting from
gi ven maxi mum beamwi th a nodi fied quasi-triangul ar

i i | Specifically, in
tmag%gﬁpgﬁg§9§%%9%gﬁ%@g%gg%ﬂgﬁqﬂg{hﬁggﬂgﬁ]l conprises a
mai n triangul ar body of |ength 254 extendi ng 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 wth an aft body of
| ength 255, extendi ng between triangle's base station
252 and stern region 253. Note that although the
extension is quasi rectangular in planformat deck
| evel al ong 255, the submerged undersurface remains
flat wwth main triangular surface conponents 256 and
257, and flat neartriangul ar surface conponents 258
and 259, extending to transom 260. A special feature
for TH shown in Figure 23 is the use of vertical or
anhedral ed wi nglets 261 and 262 at the rear and of the
hull, to extract energy fromthe fan-1ike subnerged
flowfield al ong surfaces 258 and 259, thereby
increasing the hull's effective beamat transom 260,
W thout increasing its geonetric trailerable beamfor
the case of vertical winglets. If these winglets are
inclined by an anhedral angle as on the left side of
Figure 23, they can begin to act as rear hydrofoils
supporting part of the weight
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ot herw se supported by hull extension 255, and they
can al so serve for directional control. It is noted

W@ babs/o9a1s¢i gure 20 to 23 the subnerged under suPEEHUS2004/004485
have been flat or nearlyflat, guided bysurfaceel enents

and hydr odynam cwat er pl anes having triangul ar

features, with decreasi ng @&laimsand i ncreasi ng beam as

the water noves towards the rear, setting a favorable

grani t atA passorly HubBadhy @ Hove 3te®, glalidind RindiRherebetween,
fl ow which remains active in hydrodynam c condi t1 on.

siddl Barfdeye LQRIRIN Cgifé)n? RARE BoWSIGuiblodld ?ﬁglfl(ﬂgﬁegg said stern, a lower

conmponents red abrication costs

i - [ es, . Penal t.i .are. I b

surtas $4Rh it B e B vl FRr bR e subrerged
of the TH archetype perm tting yse of flat and/or ]

vol et b pepsoUmAtey siha ot 4 e R Py i R AR Adiacent said bow
smpot h doubl e wedge TH body. Fig. 28A shows a

andr bapf @djacesit sgid gierpannd a8l appHokimatelyniangukir 36ape in side view
whi ch at supercritical speeds and above have no wake

wheminenbtiorenith @ baséadjdicenhsaiy bafw bhe anese! adjasesteni®etern.
seen by inboard ray patterns 309 and 3 11. éUtboard
rays are 3 13 and 315. The hulls are driven by
propel l ers 305 and 307. Hence, the hydrodynam c TH

bepef it s@r b o i Noef Wi Fog . .

rad cal e Se i ot eim. P SRy i that the
with TH hul.l's ut - appl,i cabl e to ,other hul] s. . ]

nyalyBaie Eres liine S e e IH8 BtpeliEti G segimrmith a speed
theirl ongitudinal axis of symmetry outwardly oriented

to langth ratigdiegterdhgn @pproximailit tl. 3% ahyprereriticalarginamith a speed to
symmetry. As a consequence, outboard rays 320 and 322 ,

lengtiavatialgreatérsthad apiprexiaratelyr2af aemidf @ ttanspianbr regimegith edspeed to
side surface, but inboard rays 324 and 326 tend to

lengtint#ld 6f grebestdhan dppréamatelyat@r | evel and drag, and
i ncrease inboard wetted ‘

3. The transonic hull of claim 1 wherein the weight—to-displacement ratio is

within a range having an upper value of approximately 100 and a lower value of

approximately 50.

4. The transonic hull of claim 1 further characterized in that said lower
surface in side view has a principal length extending from a first station adjacent said
bow to a second station upstream of said stern, and a trim-inducing segment length
extending from said second station rearwardly towards the bottom of said stern, with
said segment length having a local beam approximately equal to the beam of a base

adjacent said stern, with the lower surface on said trim inducing segment length being
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surfaces. This may be recovered by favorable

interference at the rear end of hulls 3 10 and 312.
wolowsweriso t he mul tihull of Fig. 28B is equi ppeRPCTMIB1004/004485

wat er accel erating propul sive neans 330 shown as a
. battery of five water jets between the hulls which
inclingdruppaidit aoahie the cearcel saidtrrincipaldergthdahaamalbhegative angle,

rays 324 and 326, reducing their tendency to increase
whenabyr develvardiy forceragljadmitrsaid aterndends hotraise, the bow of said hull

reduci ng inboard | ateral wetted surfaces, and
whenialassomth el hyiieasticad binkifaHshl RNy BManfic rBGindd

addi ti on no boundary layer fromhull$ falls into the

power pl ant. The cl ean accel erative fl ow appears as

332. Fig. 28Cis a trimaran with three TH hulls 340,

342, and. 344, but also.cpuld be conventignal hulls :

wi Bh o EaTangonie fiE B BRimet PruRRB i ST antle 1S approximately
, Propulsion batteries 346 and 348, each of the type in
5. Fi g. 28B, which provide unique interactive benefits of

decreasing drag and increasing thrust. For smaller

mul ti hulls, the power groups can be made with

batteries of outboard marine engi nes. The nunerica

valBues dthetfhansitatic 801l of icli 4 imhidriedagdiewt@een said principal

representative for the hull characteristics reviewed,
Ieng@iﬁ“én@iﬁ)ﬁe%t@%ﬁﬁé@é’ id Qﬁpl%&ﬁﬁ%{e'rlfz;r iti4ht ERFBESPEF {Han the stern

full size weights, corresponding thrust |ine

0S8). L] yi AL er siyjgn features wthin the spirit.

whefi?SbaizNg. nn e koM gt St Soler abdrinoet'said sma

and dramﬁngs, ertain to hydrodynam cs and TH shapes o
negalie apels plosaid Rpament; Igpglly s aproximatedt 4 meelalive dansaid principal

and because nodel tests are not sufficient for
leng#fet er mi ning stability of full size manned TH of

unknown wei ght, or othersafety related matter, these

matters should be investigated and determ ned solely

by |icensed manufacturers, who have the sole

regponsirhel tdndnic BURbfBHEIREA Sn which a trailing flap is provided at the
bottom of said stern with an overall athwarship flap beam approximately equal to the

beam of said base adjacent said stern and a flap chord approximately equal to 2.5%

of said longitudinal length of said hull.

8. The transonic hull of claim 7 in which said trailing flap is set at a first angle
approximately parallel to said lower surface in said supercritical regime, is reset at
second angle incliﬁed upward with respect to said first angle when in said hypercritical
regime, and reset at a third angle inclined upward with respect to said second angle in

said transplanar regime.
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Changes can be made on the draw ngs and specifications

W t hout departing fromthe teachings as covered in the
w@b@snso1sd the i nvention.Cains 1. A transoni cPEIUB2004/004485

having a bow, a stern, a longitudinal |ength

t her ebet ween, side surfaces extending fromsaid bowto

outdoar dTipotrahsosiciullsad dlarhet in whidhoeeid Isulr fvhef floating in water

ext endi ng between said side surfaces, said transonic

witH8tlt o R & vaHORI LA SHal TR cWhidt AAQrARR 1054 tER LR !?)bproximately '

triangul ar shape in planviewv th apex adj acent sal

o0 a ] i , d .
408 38 B oot o e AR EE NS B e B e e centroid of

notion wWith a base adj acent sai ow and an apex .
watihiage Alos JofrERont APBIOXMHIS, a6 ot 2 PROBr o saidnaterplane,

further characterized in that 'the hydrodynanic regines
megrHEAJraaisaich®en i ncl ude a supercritical regine with

a speed to length ratio greater than approxi mately

1.35, a hypercritical regine with a speed to | ength

rati o greater than approximtely 2.0 and a transpl anar

regiore WHetransdrieHull 6f ¢18ing6 Ninfviiitie a failWoefRiEis prédded on a lower
approximately 3.0. 3. The transonic hull of claim1

edg‘r_é[“tﬁrs iicﬂtréﬁ?oﬁ’i’%n@h& sbPatl fl@t %ﬁg[@e‘l%liﬁﬁ 48wh am&)gﬂl %n%ngll amount

ange having an upper val ue of approxi mately
.l ower, val.ye.of approxinmate 50..4 .. . The transonic .
in e 5 Sl R g SedReRb ibndttuin saig e tchBPSEed. and s reset
| ower surface in side view has a principal length _
to bearmiaximptelyaarallelite saiksegment idgaie ipersitisalyeaine, and is reset -
second station upstreamof said stern, and a
to berinplinediat aragnalegegativé anglehradativeniti sajd fsegmerdiid said transplanar
second station rearwardl'y towards the bottom of said
regiteer n, wWith said segnment length having a | ocal beam
approxi mately equal to the beam of a base
11. Thetransonic hull of claim 1 being characterized in having a shallow stern
draft in static conditions, and having propulsive means capable of imparting propulsive
forces to generate forward motion to said hull to at least two speed regimes to thereby
develop in dynamic conditions different types of Hyd rofields with corresponding different

levels of hydrodynamic efficiencies, including a supercritical regime in which:

said propulsive means imparts a first propulsive force by which said hull reaches a

supercritical speed;

by virtue of said speed, the draft at said stern relative to the supercritical dynamic water

level below said stern is substantially eliminated;
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adj acent said stern, with the |lower surface on said
triminduci ng segnent | ength beinginclined upwardly
wap@swegoishe rear of said principal |ength by aPGTEE1004/004485
negati ve angle, whereby a downwardly force adjacent
said stern tends to raise the bow of said hull when in
withitbeideepi diaftieé saigdmve relativa to émadiacantpirararitical dynamic water level
hydrodynanmi c regimes. 5. The transonic hull of claim4
I n baimg bpp@iximatel theasarhe dsssaig pleepidraft éh gakl stétic ¢badition;
transonic hull of claim4 in which the angle between
said principal length and the water surface is
approximately 2 with the bow deeper than the stern
: r S
wnth““'ﬂ‘?é' h‘ﬂfﬂ% ngé'ﬂ:n Eal @gﬁjalﬂ?bgﬁn}gl‘f nden‘ég ?@ém‘%| Alighe ?1  @pRroximately
seqms th |s apprOX|rmter4reIat|veto sai d
prl |%Lél . The transonic hull of claiml in
which a traili ng fI ap is provided at the bottom of
said stern with an overall athwarship flap beam
approxi mately equal to the beam of said base adjacent
withsthiedwetted sidensuriadd agachind tbvegprettédratifbye agemin said supercritical
2.5% of said |longitudinal length of said hull. 8 . The
tr asgia ferhdiningfapplaiimately thevbasle sintsdid atdtic@briditidh
is set at a first angle approxinately parallel to sald
| ower surface in said supercritical regime, is reset
at second angle inclined upward with respect to said

o B SR RSB EPe S8 o

said second an%Ie in-said transpl anar regine, 9.

t r ARGEN BRSPS to. the W@ef%'“ﬁﬁ{)@]ﬁn%@mwn lewﬁbﬁs in said static
floating in water wi thout notion has a waterplane area

wi chnditioshaed of gravity | ocated at approxi mately 40%

of the length of said waterplane neasured from said

stern, and a centroid of

with said prihcipal po‘rtion’ of said lower surface in said dynanﬁic condition experiencing
a substantial upward preésure force having a ’forvyardly oriented force
compqnent which pusheé said hull forward coopefating with said propulsive
means in imparting said forward motion in said supercritical regime resulting in

a first level of hydrodynamic efficiency.

12.  Thetransonic hull of claim 11 further characterized in that said hydrofields

include a hypercritical regime faster than said supercritical regime and in which:

said propulsive means impart a second propulsive force higher than said first propulsive

force;
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wat er pl ane area | ocated at approximately 33% of said
 ength of said waterplane, neasured from said stern.

wageosPasa r ansoni ¢ hull of claim6 , in which BCT/US2004/004485
trailing flap is provided on a | ower edge of said
transomand is set at a first angle inclined

withdbargiait of gaidyhudl is sald hyperscritical regimemstjacard said bowy amd the wetted
i nduci ng segnent length in said supercritical speed,
andres of #resdidé sulfacey pf sxidmailldleingaulsdtbatiallyoredatdd relative to that
segnent in said hypercritical regine, and is reset to
be i Baid! diffdréfitical $8ghle; negat i ve angle relative to said
segment in said transplanar regime. 11. The transonic
hul | of claim 1l being characterized in having a
shal l ow stern draft in static conditions, and having

.. propul sive neans c le of inpartin ul sive

with? 558 duliss CyBRENG R Bage ol B PG SiPaIaRCH fegime remaining
| east two speed regines to thereby develop in dynamc
cofdbstestiallyihe samatas ipmedd @ﬂpww¥@alur@gm@e,w th
corresponding different |evels of hydrodynam c
ef ficiencies, including a supercritical reginme in
whi ch: said propul sive nmeans inparts a first

withPEreD @hesinV Brdferatethiy Iovaéc Busfiakd iRusaidr ﬁ?ﬁ&%ﬁtlé‘al reglme remaining
supercritical speed; by virtue of said speed

dr alibsBhtiam gnf‘ﬁ eqéo[)g% X8 s%nBeté?ﬁncéPr%egQﬁ%l ti ca!

ynam c wat'er oW sai ern i Stantially
eI imnated;with the deep draft of said bow, relative
to | ts adj acent super critical dynamc water |evel
approximately the sanme as said deep draft in
Wlthélaﬁe anglemtwe@amd $wtamialwon@ pigaid owerssirtacetanskgaid dynamic
dynam c waterplane remaining with an approxi mately
t r wateyplane ghapisl hypereritibal negirme desialringunégativeabel substantially
and | ower wetted surface area in said supercritical
reduced relative to said negative angle in said supercritical conditions;

with the forwardly pressure component on said bottom surface being substantially

reduced; and

with the combined effects of the above specified conditions yielding an efficient

hypercritical regime faster than said supercritical regime.

13. The transdnic hull of claim 12 further characterized in that said hull

achieves an efficient transplanar regime and in which:

said propulsive means impart a third propulsive force higher than said second
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regi me remai ni ng approximately the sane as in said
static condition; with substantial portion of said
wO 0a0s109@E80 f ace retai ni ng approxi mately the saneCT/US2004/004485
negative angle with respect to the 'supercritica
dynam c water level as in said static condition; and
wi tpropelisivepiorersi pal portion of said |ower surface in
said dynam c condition experiencing a substantia
upward pressure force having a forwardly oriented
force conponent which pushes said hull forward

WItWWaﬂtdf%ld\th adfcénPsaR o?h\b@nr{@eémﬁmebd QRG‘WifhnéJ lower portion

sal d forward notion in said super tica

Sdfﬁahcﬁ't%ro% lg%mg' Fqi <?c# %g)ﬁ\/% é? rﬁ%fgﬁ%’( tvﬁ%%a? Ieei}cefl 'lr%: S0f Yransplanar

characterlzed in thatsaid hydrofields include a
hypEPETSti cal regime faster than said supercritica
regime and in which: said propul sive neans inpart a
second propul sive force higher than said first

propul sive force;wth the draft of said hull in said

withh{hgehol's tdyoamic avgataqolamiqa beiy csangbd msaidnidandsangt teefime to an
area of the side surfaces of said hull being

S ulplpadi m%ltél?’ ptgyeres sHdprt hé@in%o?tt k2t fbir SRIE, with substantially

supercrltlca regine; with the s dynam ¢

Frm‘ué‘l?l@ r%{?)ﬁ%ﬁd'l@ft%?déé %ﬁpﬁﬁ%yéﬂlﬁgkdé I%gé{g%l adjacent said stern,

|n|ngs tantrally the sane as
rCri the stern draft of the
o%&d %ﬁlﬁ?'i rS'?ﬁ%QJﬁC‘@nW%QrQQWT, cal regime remaining
substantially unchanged as in said supercritical
reginme; wth the angle between said substanti al
portion of said |ower surface and said dynamc
withithe sterhaliaft iof saigi réahppricnraftsahlowse gurface ensaiditramsplanar regime
negative but substantially
remaining substantlally the same as'in said hypercritical regime;

with the wetted side surface in said transplanar regime being reduced with respect to

said hypercritical regime;

with the wetted area of the lower surface of said hull in said transplanar regime being

substantially reduced relative to that in said hypercritical regime;
with the angle between a major portion of said lower surface and the dynamic water

level in said transplanar regime being a small positive angle smaller than said

negative angle;
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reduced relative to said negative angle in said
supercritical conditions; with the forwardly pressure

w@ovposas on said bottom surface bei ng subst ap€T/E651094/004485
reduced; ‘and with the conbi ned effects of the above

) ecified conditions yi el ding an efficient

W'thﬁgséﬁemfﬁ@amnwm@nf%@d @ﬁttelddﬁwgasurfa@m being neapwardly oriented;
reginme. 13. The transonic hull of claim 12 further
chandcterized in that said hull achieves an efficient
transpl anar reginme and in which: said propul sive neans
inpart a third propul sive force higher than said
secondpropul sive force; with the draft of said hul

withaHé é&ﬁ%ﬁne%eéfféé?@ @& é@a@é\yé@u@l@ ci@ﬁ&ﬂg@#&%ﬂgf regime faster

portion of said E‘I ng railse

natron gy g}%ﬁ*‘ﬂﬁ%ﬁlﬂ?ﬂé B et ng Eﬁg'ngia ' caid

transplanar regime to an approxi mately pol ygonal shape
having at | est four sides, wth substantially

symmetric right and | eft S|des an at hwarshi p side

| 0d4t edAdaansasie heliihavingea submedged phdianewitlsiadeow, a stern, and a
adj acent said bow, with the stern draft of said rear

lengfiothierebetwieesasdid swimnesyed partion betr®) charaatgzednahaving:
regi me remai ning substantially the same as in said
hypercritical regine; with the wetted side surface in
sai d transpl anar regine being reduced with respect to

an opBISMERAY Sidrd i wahiEe atle! Kol i B0 fieCadigodsd Said bow
E;é@&@ uqb%sf:%ﬁlt %Séfgtl%éé %Feurﬁ;ed reI ative to that in said

an approximately triangular profile in side view when in motion with apex adjacent said-.

stern and a deep draft adjacent said bow; and

a downwardly facing surface having right and left triangular longitudinal surface

elements with their bases adjacent said stern and their apex adjacent said bow.

15.  The transonic hull of claim 14 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.

16.  The transonic hull of claim 15 further characterized in having longitudinal

right and left side surface elements, and in having right and left elongated polygonal
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with the angle between a major portion of said | owner
surface and the dynam c water level in said

wo c@sspiianar regi me being a small positive angP@r/US2004/004485
smal l er than said negative angl e;with the pressure

d | ower, surface bein
'°“9ﬁ®§ﬁ"%2§%99@%?521$?18w HegRend cRihedi s Slersitage sloment with
ecified ab yi el ding an efficient transplanar

the ?‘gr tﬁﬁ‘&'ﬂeﬁ geacriy&iangularalemests efsaid downwardly facing

transonlc huII having a submerged portion with a bow,
surfgce pépaId siinergedmsrtion loésaldcivleen, sai d submner ged

portion being characterized in haV|ng: an

approxi mately triangul ar waterplane at water |evel

wi th an apex adjacent said bow and a base adj acent

sang. st @ a|lafeARBF PdHEBhR! lﬁuﬂrhé\ﬂﬂgdé”bcﬂ/& of| ét%rh” nd a length

side view when in notion with apex acerft salrd

ther?g%tvﬁege‘?mg%ﬁt%@%t&ﬁl%‘éﬁ%\ﬁ%@ﬂ %?g\[fhteﬁ{}fqag Wﬁ?out mgtlon in calm

t bt udlg ‘l surface elenents with their bases
wa e‘o(d}”g Ul B3UNGr n and their apex adjacent said bow.

15. The transonic hull of claim 14 further
characterized in having a third central triangul ar
| ongi tudi nal surface elenent with base adjacent said

an appeoximatedy tiiahgutad shhpeaTsaid siatig waaealsk Wik !é@éﬁ aéj%'c@nt said bow
right and left elenents. 16. The transonic hul

cl ahdnalfadelsdjBesnicdrad aedrr i zed in having | ongi t ud| nal
ri ght and Ieth side surface el enents, and in having

right and | eft el ongated polygonallongltudlna
el enments extendi ng between and connecting said side
ace e enent _.wi th the correzfondlgg rightand | eft

side SLHERST EFITEIEN G- EIFONBI Bechdal BOdBEELaId STt ng

surface of said subnerged portion of said hull.

lower surfaces extending between the lower regions of said side surfaces;

an upper surface portion extending between at least the forward portion of the upper

regions of said side surfaces;

with said upper surface portion, the portion of said bottom surface below said upper
surface portion, and the side surface portions therebetween enclosing therein

a forward hull volume:

with said forward volume having an upper volume portion above said static waterplane

and a lower volume portion below said static waterplane; and
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17. An all-weather transonic hull having a bow, a
stern, and a length therebetween, a static waterpl ane
wa@eoos@ap@Eso | evel when floating w thout notion i PCT/EBI004/004485

water, with said hull having: an approximtely

triangul ar shape in said static waterplane with ape o
an enlgy aa@'ﬁtOfﬁidjSﬂ%ﬁ/V\éﬁ#@rPAaf?ﬁa@@aﬁ@]“a%%ﬁ °¥‘é‘§@&q"é¥'m£%')b(/<ﬂe°’ with a

surfaces extending fromsaid bowto the outer portions

offresticdird nerhighdrdhen appraximetely 4123 6f e Iesgieeithe el forward of

| oner regions of said side surfaces; an upper surface

Paht gDy, edtiomdbithe elivaeaswed! frmms tsatchstefor war d porti on

of the upper regions of said side surfaces; with said

upper surface portion, the portion of said bottom

surface bel ow said upper surface portion, and the side

S ace, paolt | h ; SN h . -a

fo f{l.var dArﬁ If-w\%gﬁnetr ﬁéﬁ?ﬁ@?ﬁﬂhﬁ?gfﬂ%b Hol ea[%‘tﬁan\,/.annd a length

u ume; W rd vol une ing

therein@,gwn uggrl(]e ,@égt@%@ﬁg&%hg t%it gl%?%glﬁgéll\; vglae?rsj ﬁtg'@@@é”@ﬁt%ﬁl r%%%on in calm

wat er pl ane; andan entry angle of said static
watenawigh paidiwliigdrent sai d bow is approximately 13 with
a freeboard no higher than approximtely 4.2% of the
l ength of the hull forward of the 80%station of the
hul | nmeasured fromsaid stern. 18. An all-weat her

an approRBedtery thahdulbpsthdle id shRvetatic Watdrplananditfapenatijicent said bow
therebetween, a static waterplane at water |evel when

f'%é%s@‘aﬁ‘é’é&nt@éﬁ Q,]néni,.n calmwater, with said hull
e

having: an approxi mately 'tri angul ar shape in said
static waterplane with apex adjacent said bow and a
base adj acent said stern;

side surfaces extending from said bow to the outer portions of said stern;
lower surfaces extending between the lower regions of said side surfaces;

an upper surface portion extending befween at least the forward portion of the upper

regions of said side surfaces;

with said upper surface portion, the portion of said bottom surface below said upper
surface portion, and the side surface portions therebetween enclosing therein

a forward hull volume;

with said forward volume having an upper volume portion above said static waterplane

and a lower volume portion below said static waterplane; and
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side surfaces extending fromsaid bowto the outer

portions of said stern; |ower surfaces extending
wheasoerse he | ower regions of said side surfackST/USI004/004485

upper surface portion extendi ng between at |east the

for d rtion of, the upper reqgions of said side . .
the raip phipEYOME R saIHRRS YIRS PAHieTIR B foNearval e pogion being

of said bottom surface bel ow said upper surface

pora gsaterihantanpreximatelrd-8ce portions ther ebet ween

enclosing therein a forward hull volune; with said

forward vol une having an upper vol une portion above

said static waterplane and a | ower vol une portion

bel ow said static waterplane; andthe ratio of the

vol une of said upper volunme portion to said | ower

;é@!ﬂi gmér%{raetbhlsid?g;nélﬁ] ?8 gﬁgﬁér ERAB AR RERXh RLEINE ratio of said

he structure o im18 further

oot SR TR et el Byl S fbn i HREE Rtk Ao the s0%

forwardly of the 80% stati on neasured from said stern.
statigmmepsergd,frony$aig| SIBM. 17, further characterized in

that the volune encl osed by said hull above said

wat er’pl ane between the 50% and 80% | ongi t udi nal

stations neasured fromthe stern forward is no greater

t e appi@kumet ebin 40%uwthet bleanseterizeddh tisatitHe olume enclosed by
which is bel ow static waterplane, whereby the pitch

said MUl G686 s%hﬁméﬁméﬁé ifetw@En 3AE AWM hnd BEY BAYRIGIRal stations

sea are fturther enhanced. 2 1. The hull of claim17

f - i . |
mea et R dliE st TeEERdS Do Bier i AEkichHfiaRly RS the volume
of s\aln?dl uhrlrﬁl thicdﬂ ?igl %g%gfv \Aéat;t?cr ;Wgtggplane, whereby the pitch and heave

characteristics of said hull in an adverse sea are further enhanced.
21.  The hull of claim 17 further characterized in that:

the portion of said hull below said static waterplane envelopes a first volume of

displaced water; and

in that the volume enclosed by said hull above said waterplane forward of the 80%
longitudinal station measured forwardly from the stern being no greater than
approximately 20% of said first volume, whereby the penetration against sea

waves and pitch characteristics of said hull in an adverse sea are favorable.
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in that the volune encl osed by said hull above said
wat er pl ane forward of the 80% | ongi tudi nal station
wore@sr@Ed f orwardly fromthe stern being no grPREL/@82004/004485
than approxi mately 20% of said first vol unme, whereby
the penetration agai ea waves and, pi.tc
cHeract Eie Bull 6§ C@?ms@is {'JI’”E‘GI" ehanac '%Ertbap@gah%%( components
favorabl e. 22. The hull of claim17 further )
of sachiawlbotedingpoweredeiopulsionengipe amansiennavesaiddjul and fuel tank
hul I i ncludi ng powered propul sion engi ne nmeans to nove
meaffiate hoddtedrutijhcmit thaore nbanil steen lanchsaid baly snehaway from the
one of said stern and said bow and away fromthe

idbBdgbReYor &5 &4idOhuls alvHefeily! thevbegband Reawpirartia asfdsaiavwhull are
mldbﬁﬁgrlﬁ%oof said hul'l ar?qyncﬁggsed, and the pitch and

incre%ggﬁ g%rh% ﬁi@géﬂéﬂ ShEEbhidl Hlarsdietishtd br 58idaiUIBH T 88188 sea are

enhanced.
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