PETITION Ml Stop PCT Conm ssioner for Patents P.O Box 1450 Al exandri a,
VA 22313-1450 Your Petitioner, Alberto Alvarez-Calderon F., a citizen of
Peru, citizen of the United States of Anerica and resident of the State of
California, whose residence and mnuailing address is 410 Fern den, La Jolla,
California 92037, prays that International Patent Protection be granted to
himfor a TRANSONI C HULL AND HYDROFI ELD (PART I11) as set forth in the

foll owi ng specification: Technical Field The present invention pertains to
wat er - supported vessels such as commercial _and mlitary ships,

subnersi bl es, yachts, hulls for_PEEFIﬂE'@ﬂlti ng in and out of surface
i ncludi ng

effects, and boats in general, operation of such vessels at high
speeds in adverse seas. Background Art The art related to the present
applicati CrTlg:gi o the art in Jane's H gh Speed Marine Craft. In

: "% to the present application may include the

!
addi ti on, SEHE
Transoni cyH Eria 2338\dsshr ansoni ¢ Hydrofield (TH) specified in Patent
Application 08/814,418, and the propul sion, controls, and shapes of

Transoni ¢ Hul '%Lﬁﬁf&itifohsﬂ_AIBenﬁglﬁﬂﬁf-%érsﬁﬁ.,OE BB 16r Bdr(. cﬁ}%&ﬁ%q_

certain vessel s having triangu anf orm shape apparéently simTlar in

o Bl S AEARRERE 1A U S A AP oahi Ry L
have beenmcaiﬁ%é %ﬁggess is 410 Fern Glen, La Jolla, California 92037, prays that International
Patent Protéctjon be granted to him for a
 TRANSONIC HULL AND HYDROFIELD (PART Il
as set forth in the following specification; |
Technical Field
The present 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.,gene‘ral, including operation of such vessels at high
speeds in adverse seas.
| .Badkground 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 the 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 Application 08/814,418), these have been designed

to have approximately equal drafts adjacent the stern and the bow, as in conventional



to have approxi mately equal drafts adjacent the stern and the bow, as in
conventional | ship design. The Japanese Patent 61- 125981A of M tsubi shi
Heavy Industries teaches, in all its enbodinents, that the draft at stern
and bow of this approximately triangular hull planformare approxi mately
equal and the sanme as md body draft. In this they followed earlier design
criteria, even as far back as that of U S. Patent 23626 of 1859, which al so
shows equal draft at bow, stern, and m dbody. The deep stern drafts wth

b db I t t
above- nenfiBad f%ﬁt oFfie VahfiefS aRie 81, 200U BF Mitaubigtl edPindugiries
their hul {

wul d e, B5ERdL qfso%f%ﬁd'f'{% ‘*ﬁ?‘éﬂr“%@f%'i é‘%téﬁﬁﬁ ol 8 s SR b
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| ength aft of the bow, unless a bow buIb s used. This proximty o CB
and LCF i heydaligwadearlighdesion Ghtarianavensas fhaskas thatehU s Pcﬁte%ir%?’e@@é? not
consider the effects of CB and CG | ocation on drag under forward notion. In
respect t#8p9.onieh algoshogseqas! drafi@t bow, stermand nmgb@@Weledemsterm@naﬁs
proximty as in conventional hulls is not viable for TH, because it renders
t hi s t ypewith bhodd bearmk at thessteli are extceenaly aeflicienti t ch under fast notion, when
subjected even to a minor pitch disturbance. Such adverse behavior is

simlar to a phuash thesdole-rastiotededtaras,ithe Rtatish ofahe aéritef aftucyBirey (OB
center of gravity is close to its neutral point. In a ship, such

oscillati gnfeftqtulignand m&é@@éwr@guow tr@'recelm&@%fr%w i (i \ﬁéulH(bté“ng for
cargo and for passengers, be danger ous.  Suc ndanent al probl

and
are seri o
nmeans of a %t%?ﬁl?ﬁt@&%a{ﬁ%@d}f gaq%tj?ﬁo 'i %éé/)?né Cérﬂé%@lgeve oped
and is use];euals afn%rwgt%Fplar% 0aso knoowﬁ agvlonglt&dﬂélfgeentteernotf fItOYa%on LCF—L Wthf-lrgla

66% of water line length aft of the bow, unless a bow bulb is used. This proximity of
CG, CB, and LCF is usual for.conventional hulls. Moreover, such prior art does not
consider the effects of CB and CG location on drag under forward motion.

In respect to proximity of CG, CB, and LCF, I have discovered that their proximity
as in conventional hulls is not viable for TH, because it renders this type of hull with
unstable tendencies ih pitch under fast motion, when subjected even to a minor pitch
disturbance. Such adversé,behévior 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



adds drag, as well as volune, to their design, and the drag issue i s not
priority for prior 2 art. In contrast, TH and TH of Application 08/ 814, 418
nmake a totally different and innovative solution: it conbines, in the
subnerged portion of TH, a deep draft forward and a shallow draft to the
rear, which normal architectural ship design would consider dangerous wth
an i nherent dive potential unless a bow bulb were used. However, follow ng
nodel tests, this witer confirmed that TH theory is correct in that dive

t endenci es .are not determined on a triangular planform The TH sol ution
renders af™ inherent distance between LCF and center of buoyancy and

t herefore has cente f r.ayl subst antd head of the LCF. Moreover,
the quantitati G‘ec%{grﬁégtﬂ'l iaﬂgtﬁi ot %‘BPEQ"’\%BHrbt@éﬂ/de%hgw%eﬁa{m@&:‘?'hﬁﬁd’t &ndr n
draft is dependent, | have discovered in relation to |ack of dive tendency
and est abinnéMalive splytianp domkings yn Higsubmerged peaioRfed H.iadesrd@tdorwaiei ons
between the hydrostatic stern condition and the stern's hydrodynam c

condi t i onand atshallgwpksalt ta thegerr, avhich nornal tarehiiectusali shig design veultbeensidert he
present CIP patent application in respect to limts of distances between
LCF, CB, @Bngerods efithean irdrerersttdive potimdibt uniEss ahmownbuth wehe agedk eHowelvat,i ons
are established in the present work in relation to the hydrodynam c drag

consequenffoping Ridael dests eiid wrlt@wcanfthesl thatiTi$ thadryi ieUsorfdeead theghves. 3
Di scl osure of Invention The present invention specifies new uni que design

shapes, f?ér%*éh@%soa?@%t aBRAfRdYn QRIRIURDIALER. THaITH %Eu‘t’néhk‘%ﬂ'rc{?f?f.%ﬁe and

extend t he scope the transonic hull” THand the transonic hy eld TH

inventi Onﬁ]hgresrﬁ:ﬁgﬁé@%&g}eeﬁﬁs&(ﬂpghﬁ CahIePBPbuoy A cy SREREeRFork Mas &S of

i nvention fize

gravity substantially ahead of the LCF. Moreover, the quantitative aspects in the
relation between CB,‘ CG, LCF, and stern draft is dependent, | have discovered in
relation to iack of dive tendency and established in respect to payload, with reference
tothe distinCtions between the hydrostatic stern condition and the stern's hydrodynamic
condition in the supercritical and subcritical regimes, as is done ih the present CIP
patent application in respect to‘ limits of distances bétween LCF, CB, CB, and effect on
static draft. Furthermore, these key relations are established in the present work in
relation to the hydrbdynamic drag consequence of entry and exit flow angles in its

various speed regimes.



1. . An extension of the operational speed envel ope of TH over a very broad
speed range increase by neans of new design characteristics and new
hydrodynam ¢ regi nes beyond the previous subcritical and supercritical
reginmes in the displacenent nodes, nanely: the hypercritical, the
transplanar, and the x-reginmes. Wth these inprovenents, a single TH hull
can operate with good efficiency over a | arge speed spectrum which

ot herwise would require two or three ships with different conventi onal

hul | s; for exanple, a conventional displacenent ship at |ower range of speed
and a vee- bottom or seni - pl aniBigclpgurefafinygnfien speeds. 2. Anot her

i nportant feature of the invention pertains to hull characteristics and
shapes above afibe heksentcimventiat epevifiee mevanaiguei désign eshapes| dedtutes, @edni t
successful operation over the broad speed regine in adverse seas, preferably

al so in  ARtheIPof operdtiohaihiomqualitativeneeipadvd aritdesttentd ﬂ@sc@?ébfirﬁuﬁdrﬁani@f

heavy nmass conponents inside the hull, such as engines, fuel, and weapons.

3. Athirgyfie ﬂtéHthheiraBQ@mbHymhemwmém.dmdfgréim setefty éat.arfs' Fhe
bal ance, center of gravity lTocation, |ocation of |ongitudinal center of

flotati On &géj%fytﬂé %§erﬁ'|ﬁ\f§1tloﬁ I? éurﬂﬁ%n@@&’ bgwaks needed to nake feasible

and enhance an rove ormance and maneuverability of the

ELSBE?Q'nf ng:t JQJ@P@%E%"“ omozfﬁﬁ?%ﬁg% farB8R ool ot TPerk Vﬁ&(/grqaﬁrerent
Vi 81 bi | | L SPEPRIANEr P a0 RY ETErSRAEN R CRga Kies Gyt NEFoRinars nul |

whi ch are neverthel ess conpatible with efficient hydrodynanmi cs and good
behavi or Teginesdeyend theaprevipHgSUberisalhand suraseiticahragimas Innthie digpiacrimenit eal t h
transonic hull capable of operating in new high speed hydrofield reginmes of
t he t r ansomdeshnbimelywhiteh hppeveritical, the transplanar, and the x-regimes. With these
improvements, a single TH hull can operate with good efficiency over a large speed
spectrum which otherwvise would require two or three ships with different conventional
hulls; forexample, a conventiq'nal di‘splacement ship at IoWer range of speed and a vee-
bottom or semi-planing’ﬁdll fo-r higher épeeds.
2, Another important feature of the invention pertains to hull characteristics
and shapes above and below calm-water waterplane which are critical to permit,
successfui operation over the broad speed regime in adverse seas, preferably also in
optional combinatioﬁ witlh. .spéciél longitudinal distribution of heavy mass components
inside the hull, such as engines,' fuél, and weapons.
3. A third feature of the invention pertains to special shapes, trim, balance,
center of gravity location, location of longitudinal center of flotation, and various kinds
of flaps andA streaks nee_ded to make feasible and enhance and improve the
performance and maneuvérability of the transonic hull in calm water and adverse seas.

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

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



i ncludes the hypercritical, transplanar, and X regines. For sinplicity, the
hull of the present invention is also referred to in certain inportant

cases as THII1Il, and its broadened hydrofield is THI1Il. OQher enbodi nents
of the present invention are inprovenents applicable to TH and THI11I.
Because the invention is broad and powerful, it is not necessary to

incorporate in a single vessel each and all features and nethods of the

i nvent i ongo@R@ibilityBhe RSl Sonkait, Wisich igkirseart prope i@y therflieviaas Breof
themin all clains. 5 Brief Description of the Drawings Figures 1, 2, 3 and

4 are exarpgfndbsd BEmBatBE il effRlett Bfdiolyharnts! hE§oLPBendiibr 15% anvi ew
7a, 7b, 97 1 12a, 1

of TH of the present invention; Figure§ 5, . 10, 11, and
14f cover %ggl tional exanples; Figure 8 specifies the relation between drag
and V/ dL f6F TH and | ACC hul | s; Figures 13a and 13b disclose the TH 111 and

TH 111l in hypercritical reginme, Figures l1l4a an b, di scl.ose the 11 and
TH UL in o andPHankis el Puetion & AR etiugated SealifrEhraue Hinecapeblé, o
profile and flap; Figure 1l4e discl pses the conbination of the stern flap and
profile tIRPEEING INFNGYr @gmssﬁtﬁeéﬂchb@ege'ﬁ'rfégmq of thgdrapsopic) hylh whickqiave;
Figure 16 discloses the stern and side flap for control; Figure 17 discloses
t he TH andnduiemthedaynrasdisabitianspianar AndiX spginfesr cargimplicity, theybubof ta- g

di scl ose the TH 3-D shape for operation in adverse seas and stealth

oper at i on;preseht Fhgentes E9aR8credersar ¢ dn foertalne mporbardi casess as A#-HI randt its es
associated wwth the TH and TH of the present invention. 6

broadened hydrofield is TH-lll. Other embodiments of the present invention are
improvements applicable to TH and TH-IIL
Because the invention is broad and powerful, it is not necessary to incorporate

in a single vessel each and all features and methods of the inventions and

improvements, nor is it necessary to incorporate each of them in all claims.



Mode(s) For Carrying Qut The Invention The nature and scope of the present

i nvention can be better understood by review ng the principal
characteristics of conventional hulls, which have certain serious inherent
problens in calmwater and in an adverse sea, and exanmining also the limts
and potential of transonic hulls TH and their hydrofields in Patent
Applications 08/814,418 and 08/814,417, all which sets the conceptual
inquiry solved by the present invention. 1. Characteristics and Probl ens of

Conventional Hulls. It is pecessary, for thisdeviewto separate the
conventional hull designs %l;lqﬁ}qsc}{ BQsofir}heg?@Wﬁgﬁce to their operational
speed envel opes. The envel opes are expressed for each hull type in_terns of
vei ght - t o- dr afiguies ds2.a% and dcareexaplesidbe pgor ak rejated tarthisdnvesdien; TH,
considered together with their corresponding volunetric coefficients, which
are i ndi catdi ptenviéw lobigi ofuiemsiesentinvengiomnd vol une di stributions responsive
to their speed envel opes. la. Displacenent Hulls. Displacenent hulls

sustai n boat \Wygbs 5byabreysro, Hif 12a, ARbderi tafasbvien atititiopalssxaniiek; pr esent ,
t hey have an upper speed limt called "hull speed,” near and above which

hydr odynami ¢ r@r%%if%gﬁgmllﬁfi%eﬁﬁeeﬁ d“rb@*&n@’\PVEQ’Bt]Zﬁ:aHdQ{%ﬁ)%Eﬁﬁs;

exanple, as in ' speed” occUrs when t engt et ween bow
o ST Y R BED AL 1 AL T At D ORlBL bt | ool
' Teet equal $10UreR 14 RHERHOSR TS THHN @n AL FY Ve EInaap oM ow hul |
speeds with weight-to-drag ratio of over 100. At extrenely | ow speeds, the
ef fi ci ency rathiguresndAeandsl4cbdigalohe the stern profile and flap;

Figure 14e discloses the combination of the stern flap and profile thereof;

Figure 15 discloses the TH;III and TH-Ill in X-regime;

Figure 16 discloses the stern and side flap for control;

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 6peraﬁ6n in ad\)erse seas and

stealth operaﬁon; and | N | |

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

TH and TH of the present invention.



hi gher val ues, because drag approaches zero but weight remains constant.
However, near or above hull speed, their weight-to-drag rati o decreases
rapi dly and becones physically and econom cally unacceptabl e. Therefore,
hi gher speeds of displacenment hulls is attainable principally by increasing
hul | length. Unfortunately, the speed advantage of length is not |arge. For
exanpl e, the nom nal "hull speed" of a 50 foot hull is 9.5 knots, but for
300 foot hull speed, it is only 23 knots. The "hull speed” limt is
intrinsic of displ acenenﬂgnoggkg)s{;o Ght ThéidveiRigh 0Jeneration

S e., '

properties as they translate'i'n the ter, 1.e., "wave nmaking." Wen the

i T as. showr! M4 TEErG 23 SHPRE T, H e S AerkOR BFHE Hher LRGSR uhof g
i reasi n .spe%ed i nduce quI E%r dr OR of the trough
: s hit

size of bow wave with . i P
near ni dJGUGWINERGPTIGCIE! chalarte CePYRY a2 AVE MR SPHRYRase of

hull's angle of attack, There is also the additional sinkage wth speed

i ncr ease IH0@renbpiabierts iGalTwalsF apé i &Y PAVESES §GA ¢ hEXamining alpa ke imitshe

i ncrease of angle of attack inpedes further speed increase unless very

| arge povand ipstential lAltransosicc hullh Tdv eand: Fein bydiaéieldsaind Paiterdr Applisatipasi ng
regime, the limtations of which will be discussed |later on. The high drag
due to wad&I8MH K Bgnd 0848 1ot Bhd!l ahithesetsthd cobnceptualinariegsohatbyi the peesent y
serious problemin the economcs of maritime transportation. Accordingly,
consi der ahléntiggsear ch has been done in various ways to overcone it,
unfortunately with only mnor inprovenents. For exanple, a bul bous bow may

slightly decrepse qffadtbristi@ 4 BrobRRe of COhvéhtiohangumd ender hulls are |ess
sensitive than beamy hulls, but carry |ess cargo, and have ot her problens,

itive than . y ] d Have ot he
Pl s whi ch caliedehsaealEigr his BYRL chdte (G EERT Roh el AP actin® BRb A Cpee

are available.in varci ousS sources er ? '
types” in accordance fo their operational’ speed envelopes. The envelopes are

expressed for each ‘hull‘ type in térms of weight-to-drag ratios as function of speed-to-
length ratios, best considered together with their corresponding volumetric coefficients,
which are indicative of longitudinal surface and volume distributions responsive to their
speed envelopes. |

1a.  Displacement Hulls.

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

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

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



.......... . exanple, "A Conparative Evaluation of Novel Ship Types," by
M T s Professor Philip Mandel) and is summarized on the left side of Figs. 3
and 4. The operational speed envelope covers speed-to-length ratios of 0.8
to about 1.0 or 1.1 for comercial ships, which is well below their "hul
speeds” of 1.34. MIlitary ships have speed envel opes that include "hul
speed" (for exanple, a cruiser ship at 1.35) and even above "hull speed"
(for exanple, the slender destroyer operating at speed-to-length ratio of

about 1.7). V. e g rati [ . i.r ' wei ght
of converﬁqr}?ﬁg\?% gméér]cau%ggﬁ?%ggé\ﬂggg?%re%éjér?g'?nglglgb?%brﬁgﬂgCBﬁgﬁ’ﬁ%éﬁ?\g‘%\%ﬁ‘ at the
| ower wei ght-to:dra atios .. becon naccept.abl e r the.mssipons of the
shi'ps. "aca ot ABPYS Al 8peSf anal RET GRS PR r8ied il s Bhes e
speed efficjency and ran_ge of di SBI %fe nt Pul s, at least within their
current d¥weigally #rd ecoiNiCanacesPiAPie) espionk dihelsppeds Rbdieripramest A
practical solution is needed, especially if it is able to elimnate

wave- makintds ds aftagfabie oringipalwbiycincraasings helbiengibi odafortwmetely, thei spead
recourse to conventional hydrodynam c planing. 1b. Planing Hull. There is a
wi del y heddyaniage of kegthaisdiot facge nftortexpenplsf, tauhdminahiHud dppedhofrags hfioot hull n

whi ch wei ght is supported .by a hydrodynamc lift force from nonentum change

(as di stig 98 kifgterblidoy300 fdot htill spest) itds enly@Bekridte. speed linmits of
di spl acenent hulls, and furthernore that they are efficient at high speed.

Actual Iy, whi ligePhalispee@erit iSinfirdic ob@isplasepeds hifls, BResusO oPtHe e boat s
with an approximately flat underbody having relatively I'ight weight and.

equi pped 'n%%tlo%r&%geg@eg,&ﬁ%‘; C’:Fel(]{s'ié‘%é% TRE wakdF r.é.ngwaegmﬁﬁge." \/gﬁé'r?ﬁaeof this

hul I is thhe presenc anic drag eto mohent um change,” shown i'n Fig.
e b AR BB e LA PR
For opti %”Ei;.l g,t ﬂ% astltgation-' becomes critical. The increasing size of bow wave with
increasing speed induces a further drop of the trough near midbody, leading to
incremental sinkage of the huil and an increase of hull's angle of attack. There is also
the additional sinkage with speed increase due to the curvature of the hull below:_l,écal
water levels. The increase of angle of attack imbedes further speed in‘crease‘uhiéss
very large power is available to climb over the' bow wave and enter the planing regime,
the limitations of wHichv 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 ‘econ‘omics of maritime transportation. Accordingly,
considerable research hés 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



9 planing case is 19 and 9.5 respectively. Wen viscous drag is added to
dynam c drag, the fact is that planing is a grossly inefficient

hydr odynam c regi me, since the best ratio of boat weight to resistance is in
the order of 6 to 9, as shown on the right sides of Figs 3 and 4. This is

| ess than half that of a nodern jet transport flying about 10 tinmes faster,
and only 1110th (or less) that of a displacenent hull of "reasonable"

| engt h near, but below, hull speed. The operational speed envel ope of

pl ani ng hulls arge hest exe ified b he, ski_Jboats,.a Sim ] ar sparts
Craft oni SRERSod ChEPAE L SRodf LSRR OB P estadiihs

|l ength ratio of about 4) require a nffs,e-hi%_] attiéﬁjge with | arge wave- maki ng
drag in Mpagelhardismsumpwsized opdhailelt ideSf kigsaS and #hdihesorarationsl speed | owest
but longer hull in Fig. 2. Athough the decrease of weight-to-drag ratio
with speeghvielppeiapves saassatoslengthiatiosefitt § uadkantdiQ ar 1.4 deecammgreial ships,
speed-to-length ratio, the left and right sides in Fig. 3 are not

cont i nuoughichistweli sowtheiutul speeds Oﬁhgﬁe Militarytshins hefverspeed envelopes theénent
and planing - which have di.scontinuous and widely different volunetric

coef fi ci eintiside dsull speedd” ¢fr exasbiyva druiséi ship 4t 1.85)and @veh dolefliuli spdedys. 3
and 4, displacenent hulls, if one includes destroyers, cover an operational

speed-t O‘dfmafm;ﬂé,\/@ﬂeoslil@m?é%%%ﬂ oferatitg a}] é,p&efd-'tdlléwg'trc Patfohsr ywd@ht 7yt o- drag

ratio decreases snmoothly fromover 120 (higher for slow tankers) to "about
20 oo SR, GEbER PN ek U K S LRSI AR B (o
o e G Ral i, BBk o BB B RSB AR
Above L0pqeen U3ccRpishin Frahe sty 5T BB SR gher than di spl acerent hul I s
only because tAr\]cecolr(%;[;@,r tﬁér% péjrﬁginlsoanngeurrgen-{hr?eehdi Qregnzgrlog%t ’Ehiec high speed
efficiency and range of displacémen.t' hulls, at least within their current speed limits and
preferably in a breakout above those limits. A practical solution is needed, especially
if it is able to leliminafe wave—makin-g drag of the type which limits conventional hulls,
without recourse to con\(éntional-hy‘drodynamic planing.
1b.  Planing Hull.
There is a widely held view_that a different type of hull, called planing hull, in
which weight is é-upp'orté'd by a hydrodynamic lift force from momentum change (as
distinct from buoyant liff), 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 does so only for boats with an approximately flat underbody having
relatively light weight }and, equipped with large propulsive thrust. The limiting
characteristics of this hull is the presence of dynamic drag due to momentum change,

shown in Fig. 5 for the limiting case of inviscid planing. In practice, these hulls operate

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



10 coefficient reflects the fact that planing designs are not intended for
nor are capable of sustained operation near or below "hull speed"” in which
their low weight-to-drag ratio would be prohibitive conpared to

di spl acenent hulls. As reviewed above, the displacenent hull has a

wave- maki ng drag conponent which increases strongly wth speed near and
above hull speed, in addition to an approximately constant wetted area
generating friction drag which increases roughly wth square of speed.

These dr ,aﬁﬂprcggéésggggmﬁaa ﬁrpé &f'ﬂégﬂ total exponential drag growth near

and above in Fig. 1. As a result, operational

speed- { o- 'engtwheﬂst%auéa%@Q%apgggtfd@%rm.sa i b S MRB A, Uy bel ow

two for mlitary ships strl I'on o ance

and wave-na i St ance often referre sid |stance
because i'f’eﬁ’&i?gith)ﬁ(?rﬁgén%mw regfﬁ“:h’ﬁn?e&' Ecaé O?ZWSEW&‘E tgfess' ABHASI'™ Fi g.
6. It shows t hat above speed”" o re than 60%of resistance is
r esi duar ythe qrger ehp Wa%@%é?@%oﬂrt%%r'ghtrﬁ' gﬁ%%ﬁr@ 4onbiedsiessgharhalfani ng
hul I s, having a dynam c lift roughl ual to weight, and a high dynamc
drag corrp’ttlaénﬁa ohegertiehtranspait &ylmag@t&gﬁttlnmg‘aeteafancb@nladm Otre(puilessiitHabr
vertical equilibrium and hopefully a decreasing friction drag percentage
Wit h speedf aogisplatemant spked-'readaabtdi lehgtar wkar, dut bedowy habrspeed t Thé ow
wei ght-to-drag ratio of the order of 8 or less, with operations at |ower

speed- t o- bggiatibnal speédentebpg oaplann@‘riuuelae@beétrm;ﬂmbdmrtﬁletsklob”oatwah@h al so
have very poor weight-to-drag ratio. Various hybrid vessels attenpting to

m x di spl geREESsoRNEraRhAIER Geltw theirlaring seEdd cf&ﬁeﬁmﬂensauwlassmobeen

proposed in the past in an attenpt to arrive at a single ship type capable

of operat jngy kb Ureboly 4P YEJuiRPEHsEMGH SRR e MR 14 /B Rl making drag in
displacement mode, a condition similar to that shown for the lowest but longer hull in
Fig. 2.

Although the decreas_e“of weight-to-drag ratio with speed in Fig. 3 appears to be
continuous with increasing speed-to-length ratio, the left and right sides in'Fig. 3 are not
continuous, but discontinuous as to shape and type of hulls — displacement and
planing — which have djscontinuou's and widely different volumetric éoefficients, asis
clearly shown in Fig._ 4. Thus, on the left in Figs. 3 and 4, displacement hulls, if one
includes destroyers, coVer ah 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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11 without nuch success, as is reviewed below. 1c. Sem -Planing Hulls.

Unl i ke displacenent hulls which have upwardly curved sterns and curvatures
at the bow, causing suction which sinks their center of gravity with
forward speed (increasing their apparent weight), and unlike planing hulls
having nostly flat undersurfaces and a CG which tends to rise with forward
speed, the sem -planing hull wusually has a Vee bottom and" for practical
reasons, is heavier than a pure planing hull. Although the sem -pl ani ng

hul I's ca ; . cy@,lﬁg i eir
lift is g%ggggge{@gal%&gth%gﬁgﬁﬁg{@gwﬂép a%'&hégf\ec@ an ng%,%gﬁnr]mg)rfa géf)g S, I%\,H'ch IS
i nherently jnefficient hese br.i el ro.an ve.l r,volunetric
coeffi ci 5%’?*3"2:3 grgﬁor{) Bér?rh?)rstéé]é‘fv bﬁ@ﬁ%%j ﬁﬁ%?h tﬁﬁ? 'Q@%@“&ggfq{aﬁ! é%ko much
hi gher than for i.spl acenent |l s, as sh , for exanple, at the m ddl e of
Fig. 4. W'%B@(ﬂ’é&gﬁi"e?ﬂ@p\ﬁégg’ ‘Hﬁp@%‘?ﬁ‘%q%lﬁng hulls, as seen from an
aerial view, appear flat and join together at sone distance behind the
stern, gener afisigvignegabovagthe distiaeamenhul has Rayae-making dieg compopantan be
Vit UAl  citieh imeames SiEnghoithase heargai ehave Dispesd, Thevdfioatoan
virtua aue : wivithas , imaddiioarto an

wat er pl ane' of the operational sem -planing hull. The conventional sem -

pl ani ng fapproXimately coreftantovetted hyear geheratingsfriotiors despiwhichtintreasex erghiyve dr ag
conpared to a good displacenent hull. It requires very |arge power to reach

sem - pl awi/iﬂgsciimedf spded. e dragisBBrdeb cofmbiifY intSa i totdl @xpsnéitie dRfd | ci ent
ani

than a pure p ng hull. On the other hand, a deep-vee sem -planing hull

D v PR 238001 SoER, ik M8 i, 1488 B8, o™ ©
g L I R RS R R e A
military ships. '
The percent distributibn .of frictional resistance and wave-making resistance,
often referred to as kesidu‘ary resistance because it may include other minor resistance
components, is shown in Fig. 6. It shows that above “hull speed” of 1.34 more than
60% of resistance is residuary — mostly wave} making drag.. -~
In hydrodynam’ic' contrast, pure planing hulls, having a dynamic lift roughly equal
to weight, and a high dynamic drég component dependent on a significant angle of
attack required for vertical equilibrium, and hopefully a decreasing friction drag
percentage with speed, operate af 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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12 1d, Sem -Displacenent Hulls. As length-to-beamratio is increased in

sl ender hulls, wave-nmaking drag decreases. According to Saunders, sl ender
di spl acenent power boats were common in the 1910s. Later on, the Gernan
Schnel | Boote (fast boat), having a round-bottom hull, was successfully
devel oped as an S-boat for WWI, performng well at high speeds in the
rough North Sea. However, as the |ength-beam sl enderness ratio of sem -

di spl acenent boats is further increased, the lateral stability and payl oad

capacity Wi&ou&%&ﬂ@ucggg%ﬁgﬁﬁ%vi%iBQO%t reme, an 8-man rowi ng shell relies

on oars for ra ngt h-to-beamratio of about 30, its
wave- maki ng resi st cesﬁls 0 I%ISS% of the total at 10 knots, but its

wei ght -t o- dragcr at P& 8ﬁ'f‘§ . approxi mtely. An appropriate conparison
in aircraft is the nodern sail IaBe \(r\%th a V\n(ﬂg S@aa-ﬁ)’(-chord rati o of 25.
It can oper at &rwkeﬂéﬁpg@ﬁem%ﬁ&fl SWPIEhiNGVe HPwgrdiy cuiyed siRrgs aRd cyryaliges fh t he
limt as the beam of slender hull approaches zero, vvave-drafg tends towards
zero, buttheikayeueauring) ssighen yhichsinksalliel aeprian &E iargvityawith Heswardcepeed ngl v,
recent devel opnent of high speed sem -di spl acenment boats have proposed a

m xed | i f(tncreasiteg thsir ngppaoeni aveighil, cand wnliket planingd diull$ ameving rmobstlysiflahder
hull, to generate a hydrodynanmc lift conponent at hi gher speeds, in order

t o decr eagrieksiofaeet ahdfd CGogtiplo tenls taride with fomverd spaedghdsagi-piring bull
conpensat e ot her shortcom ngs of the slender hull at high speeds, for

exanpl e, |sfy Rhs & Nekdittohi ahBRSH RactRal RBISHS: Ys hdvietahsn ag}u&hplﬁhfnigthlﬂm.e and

its high drag due to lift. As is the case for sem -planing hulls, “therr

speed pot Qg&ggh_tﬂ,g sgﬁ_@%ﬂ@ﬂg@{s@%r@%tk%e %Bpe‘%#&%é of &l Qe %akeyqtgﬁ i s not

wei ght -t o- i's not very ory, an n-consequence, pa

R Al M A,
their Coqggn%)éreangeﬁesfﬂc?igﬁte. aTrhetsg h@%?f S grg ki)r?gheerra%gtha%ie Izoe\/velrivg}L}nﬁetﬁg cg\gfh‘ilcient
compared to those of planiﬁg hulls,  but are nevertheless much higher than for
displa"cement hulls, as shown, for example, at the middle of Fig. 4.
The borders of the wakes of semi-planing hulls, as seen from an aerial view,
appear flat and join together at some distance behind the stern, generating a trailing
"hollow" on the wéter‘s sqrface, which can be interpreted, from the viewpoint of a fish
trained in hydrodyriamic's, és 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 ié not as fast and is less efficient than a pure planing hull. On the other
hand, a deep-vee semi-plahing 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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13 as a |l ower speed potential. le. Additional Resistance of Mnohulls Due In
Adverse Sea Conditions. The various types of nonohulls reviewed above have

different responses to sea conditions, which sets crucial additional limts
to their efficiencies in nost practical operations. This is an inportant
subj ect, since it can and does set crucial limts of operational speed

envel opes and inpose structural weight and power penalties which are
different and significantly nore adverse than would be the case for designs

of the same tgﬂul SSO@E@%@H’@EE%%YQLW calmwater. In this witer's view, the

drag and stru ral %Udverse sea for di spl acenent and

sem -di spl acenent hul.ls originate in the%ié A ger(fntl3 unf avor abl e

| ongi t udi nal dSISNLRLP-EF2BY rH dSrdNHRBSLA 'R HREERIU ijl.!ﬁ\cva%ga% drgghi ch
are traditional and perhaps applicable at slower speed envel opes for ships
desi gned desreasesb AgeeEing tmBavidars, SieRder dispirsgnant popes boatsvgrasomenen i ve to
t he propagation speed of ocean waves, Moreover, the inertia values of
convent i ondhe $91@s hatet dnptbedberrwant Helinell Booté (fasthaat), ihavingspexindthmtioe

hi gher speed envel opes, if such higher speeds were otherw se attainable

wi t h convigulk wasslicadissfuligdev@opedasias Srhoat far VWAl E gefbrring vl at Eifghispéé&isy, a
br eakt hrough to decrease the added drag and wei ght penalties o

di spl acempnharLigh adbritBesd. | HoRe&a ak Ih8ilaMYth-bdaR SRINdRmdRAr fatis Wraddny- i f it
does not incur TInto the even worse penalties which planing-related hulls

encount of L 9aBlnBE6 38 19 fitherHiaBads HETUR) IRV BN AR Gad 30

opposi ng Sea. anm ng occurs qudsl - 1 nstantan el

I f at | at ] t d hi
o f- desi ghithaEseated ' T ik BRENE G R PulSr ol FIBR et Shtm PERITRDNS
I ncreases the stwuct ral, | oads and. wej ght 5 _tthe hul | . if. Multi-Hulls.
. With a length-to-beam ratio 01J a%out?% , Its wave-making resistance is only

stability
5% of the total at 10 knots, bu’; its weight-to-drag ratio is only 20, approximately. An
appropriate compérison in“aircraft’ is the modern sailplane with a wing span-to-chord
ratio of 25. It can operate at weight-to-drag ratio of 40, at 6 times the speed.

In the limit as the beam of slender hull approaches zero, wave-drag tends
towards zero, but viscdus drag subsists and payload capacity vanishes. Accordingly,
recent develdpment of high speed éemi-displacement boats have proposed a mixed lift
mode, Qsing compiex latefal 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 conéequence, 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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14 ... ... . The wave-maki ng and ot her adverse drag problens of the
various types of nonohulls reviewed above - including added resistance in a
sea - are so serious that considerable recent efforts have been applied for
t he devel opment of new nmultihulls. Although this field is outside the scope
of this docunent on nonohulls, a fewremarks are in order. A pair of very
narrow sl ender displacenent hulls of a catamaran, widely spaced laterally
for stability, have been successfully devel oped and are being used at high

speed for J ﬂ&%@? applications, especially in Asia. The
%% é\%lt elr Vo %hﬁél i

calculatio unetric coeff|0|ents can be deceptlve since there

are two hulls, , each f. .the f. f nce, each
hul| has a mor&° fav%&%{ﬁ?%aq%ﬂ%ﬁ%%??ﬁ éﬁ"%@?@ enltn N?m\éﬁ{ %%‘?ﬂ?ﬁ'onsbut has
two such hulls. Published |n ion‘on lift-t dr ratios of modern

cat amarans are %vafﬂ%dw%ﬁ% r@m"éreW?mW g'éaé’ Cﬁ'? egNt EesPPRRAsde SBAsed on
instal |l ed power and operating i ndi cate that weight/drag ratios of

t he order C@mdws@m@l%a@tswr@cq%@dgﬁﬂpgel lgaits tthal atficiangips ipamasepracticalt
speeds of 50 knots and ratios of 16 for 25 knots, but with very small

payl oads ppémtions {lbis isean mp%arﬁl3ubjea\geumceart@ao\mchdoemegmucna‘rmme of

wei ght/drag ratios are not high and are close to those of planing hulls,
but are aepéetiedalapebi gheeloppseadd impase starcterahweight andbowappertaiiids which

di spl acenent hulls. Trimarans may have simlar characteristics with some
struct ur abrddiffBfent aRd sighticanty fior8 @Meersahitih Wwoari Bd Meadasbueydésiynd SRREVES

forward, but only on the center hull. Recent multihull trends are exploring
trimarans hhu"ﬂs\b éVatmﬁWfo?%ﬁ’ﬁ t center hull to retain a low
speed-t o- F’engt |o 0 e center with small, narrow, lateral hulls

A tégﬁaéfﬁae%@fﬁéﬁt%%naitﬁe%ymﬁ%ﬁ‘}%%% fale

contact og s\ﬁlalcgmsem? and’ sé)nrnl-gls& gment hulls originate in their inherently unfavorable
longitudinal distribution of volume and of their buoyancy reserves, which are traditional
and perhaps applicable at slower speed envelopes for ships designed to climb waves
and which have inadequate speed margins relative to the propagation speed of ocean
waves. Moreover, the inertia values of conventional ships would penalize their
performance in respéct to tﬁe higher speed envelopes, .if such higher speeds were
otherwise attainable With conyentional 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 pénalﬁes 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 inc;reases of angle of attack relative to an oncoming wave are
encountered, réaching 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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usual |arge buoyancy reserves in adverse seas, but permtting wave piercing
in mddle 15 seas. SWATHS are also multihulls which rely on totally
subnerged primary displacenent for snmooth riding, with penalties in wetted
area and speed. These nmultihull devel opnents and ot her hi gh speed hul

devel opnments (see, for exanple, Jane's H gh Speed Marine Craft) have so far
been restricted to special comercial or mlitary applications,

hi ghlighting the need for ship manufacturers for a new nonohull design.

Such has been ecified If Tr,ansaqni fi d Transonic Hull TH
i nvention of eeﬁ’f’wmﬁ'ﬁ%tg%gn%tﬁ%%g{i%s ﬂﬁéﬁﬁégﬁgﬁ&%ﬁa%&&%% Obt
efficient _operation in subcritical.and sypercritical speeds as define

Cher oi n MRN8 auPHGE SPRVG BR LG HePEFeT So0H PO sibmarsosstays fat
conditions. 2. Transoni ceéﬁul | Characteristic Qp | i cati ons 814,418 and

814, 417, ansilesalld TeemtiefionsihgVe heen<apRliad ardhe JEUslePRIRat oF 6pY reMlTHIBs ent
invention, it is also necessary to review, in addition to the problens of
convent i ohlthoughithis fieldhis qutsifie the seapepditleia diogiment emeanchnlisra fewemarkH and
its hydrofield TH of Patent Application 08/ 814,418 and 08/814, 417, which

precede tdre ipoestantA paipbf caryinanromnstiénderrdisplatementiudls of argtamaen, endedy
results of tow tank tests. 2a. Characteristics and Features of TH and TH.

The TH i sspdtet agteedlly Zedstabilifyaavebees sivesgiatly Hevélbped Bhé Arébéihh 18eH bar
wat er pl ane shape with apex forward in static and in dynam c conditions, a

triangul afigh BpEbd k&,vaﬂbuére&me@@iatéﬂgge%rﬁ eBp&dialhaniALiS ] fke ¥hRMatibh b

maxi mum draft forward and mninmumdraft aft, and planar laferal surfaces at

| ar ge i nchbpabiuRietRE ¥esfibets ddh 51§ MMkiGs - sindd Wisre 5#@%ln+ﬁ{r|§ra WS hapn has

a doubl e-wedge volune distribution wth afine narrow e nglein

o o o 0 gk B S PO et B BBt S el RBRL
vave- ki 0d tiient than a monohull, but has two such hulls. Published information on lift-to-
drag ratios of modern catamarans are not readily available. Nevertheless, drag
estimates based on ins;[alled power and operating weight indicate that weight/drag
ratios of the order of 10 are feasible for large semi-planing llig.ht catamarans at-speeds
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’speedsthan 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 hulis
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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sources such as shoul der, m dbody, or quarter curvatures in planview they
have a 16 narrow entryforward which m nim zes the water vol une displ aced
per unit of tinme, and induces special inboard underbody flow, favoring flow
subducti on which elimnates the conventional wave-nmaking pattern of

di spl acenent hulls, and allows for new types of hydrodyam c ray phenonmenon
of very reduced size and an absence of m dbodytrough. TH has a favorable
anti-planing propul sive pressure conponent at its undersurface; favorable

contractipggstr qlf 28 hRe Audwmils aMRhaR L a{a&aﬁ@té@q}ﬁé%eeeﬁﬁmaﬁy

gr adi ents on t | ower surtface;, broad stern unhder ch prevents

pi tch up ﬁ%ﬁéﬁé’ﬁﬂ@ SmpBHETdndUth pEMd A Unddrcheapiaiap ol under body

energy as rom seas ccor very inportant
feature of TH.and TH as PeS fied.in |cat on 0 814, 418
i s the elininati®Sf %qlP?LHF 'O&\m%? éP%éhWQkﬁpﬁaaﬁé‘ﬁﬂAﬁégme sr{?f)‘?\' Sheed
operation in cal m wat er W ¢t h| its disp enent , thus prevent| ng or
reduci ng PREME ghanse SHghSPee rMé‘Bn%fcrﬂhR/ aﬁ%llﬁon%‘)g%eé?@ (gstrigted dpppgeigbr i zes

conventional hulls near and above their "hull speed." As expl ai ned

pr evi ouslgpmmergiaigir mititary arisations, sighligatingiae f@%ﬁrf@é%f@ﬂ manufaetpeasgforian knot s
divided by square root of boat length in feet. In this speed range, for
exanpl e awew mdrogull tesighe Sugiveasibegn spegifiattim myfTranseric tydmpfield gbinament i onal
hulI's grows significantly, and hence the total drag grows in a high

exponent i Bransewia Elull THYpverdioh pf Batepbigplzatibng 0828 14,468 ad 08/8M4 @d 70capabie,
depending on hull shape, beam | oadi ngs, and Froude nunber range (Froude

nunber i sofdgfidigfdopsratidre @t sibcritical 8¢ supérétitied sBield astfnes th@féﬁn %trgr avity
acceleration tinmes engaged water line length in feet). Hence, if

P O P B0 B Ll Mgt e (e, s i

2. Transonic Hull Characteristics, Applications 814,418 and 814,417.

As stated earlier, to unde‘rstand the nature and scope of present invention, it is
also necessary to review, in addition to the problems of conventional hulls, the limits
and potential of thé transonic hull TH and its hydrofield- TH of Patent Application
08/814,418 and 08/81’4,,417, which ‘precede the present.Application in filing date,
including a review of results of tc‘)w' 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“a‘p:ex forward in static and in dynamic conditions, a triangular
profile, or modified triahgular 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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08/ 814, 418, then TH s principal remaining source of drag growmh with speed
Is that due 17 to friction, it being noted that (a) TH has no pressure drag
problens at the stern since it has a clean water exit, and (b) TH has
greatly reduced formdrag, because it has no curved surface to
significantly increase |ocal and therefore average dynam c pressure along
Its wetted surfaces. Summarizing, it is the objective and feature of TH s
archetype that near and above its "hull speed” while in the displacenent
node, its total dra rows with only the second.pgwer of speed. The

di spl aceRBIOWSHLY Komera WRSIBITTSIZER fheeter VOIES 4iSpaFed ber Jiatiting. POfs

08/ 814,418 and 08/814,417 in its figures related to the supercritical and
subcri ti HEuceparRepial !Wﬁaréwﬁ@r@wiﬂﬁ%ﬂ%vof'ﬁ%ﬂow/éﬂp%?twrwfa@féehr@rmteﬁsthe
approxi mately constant for a given weight; The water flow on the hull's
si des conohvansiona! ware-makingspattend of Aisplagemeat huligeend dllowsflacrew &rpsisraf
approxi mately constant, as is shown in Figs. 13 and 14 of original

Appl i cat hpdro@gardib4ay pBeneamenoTbEvenytbeiused size andantaveehes of midbsdyimough.
approxi mately constant negative angle of attack to the water surface, and

act ual | y Teonds alisnarabe drti-pranmhgniropulbive \Pesquir€ £aHpR kAt SEItE QRBSBEAAGe; Whi Ch
I S opposing the retarding pressure conponents of the water acting on the

subner geg,s Lo =) gk SRLAEN
g %m&&ép&%néﬂﬂnggﬁegm@emé%@,%8 bidhrafhatitinBfbres Bl SAbNE"

h
08/ 814,418 and 1 n FIg. of the present lon. 2b." Ta of

T e T i e

are shown prese catron,

TR M T Sl A A
gr ows suggégnt lally wi.t h §econd' power of speed
Accordingly, a very important feature of TH and TH as specified in my prior
Patent Application 08/814,418 is the elimination of the below-water wave-making
sources for high speed operaﬁon iln calm water within its displacement mode, thus
preventing or redu“ciﬁg the high exponential rise of wave-making drag which
characterizes convehtional hulls near -and above their- “*hull speed.” As explained
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 tdtal drag of’conventional hulls grows significantly, and hence
the total drag grows in a high exponential manner, typ‘ically 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

17



above "hull speed,” within the speed limts of the test, during which hull's
pitch angle 18 had no significant change, and bottom and side wetted
surface was observed to have no substantial change. The drag growth to the
second power can only occur in the absence of growth of wave-naki ng drag

wi thin that speed range. The critical speed of a conventional hull occurs
when t he Iength bet ween the bow wave and its corresponding stern wave is
equal to hull's waterline length, and this occurs at a ratio of speed in

5?:52,%2%’5 **i%“‘f’sf'?Qé'Pfo‘.c’keng\ta"?@ ﬁ?%ﬁQEf%&ﬁ?@?%%ﬁﬁ%@%%&éfﬁ%céﬂﬁﬁ
as TH i's 1A & '%%Wat%eeéﬁﬁan'@?b &ﬂma%grr‘ aj@&iﬁ%@ for Wodehetoay GBS AT ot 1 ne

critical "hul]l spe of a conventio huII t a dra rowth above its
“hul | S pesived syiagedp SORIRATIL NoiRast o ABH HATBIaR SHoGORAEAMIRIFSTHE ( he

I ACC hull having experienced also a significant increase of angle of attack
with speddongritewetied sddgeesof Fig. 8 indicates that the | ACC hull has 40%
nore drag than the TH archetype at a speed-to-length ratio of about 1.55,
and 28% nor e @uagmatizing sipéethe dbjebtivegamd festure of Tidiscarchétypé .th@usedranspeed
limts of carriage, tests of TH nodel could not investigate hydrofields at

speed/ | engioRe itathul speedt whild itdhe dkPliceiedt mbde, itdtiotal draglgowewitnegtHeo be
selected for the square speed growmh of TH s total . drag depends on TH s

shape andie@Bnj béwélaéf'sae@cﬁ 'bﬁ’é‘&lsw%'cgmeni @pé?blf?&é??nd@i& it ch&agidize@pbatepn be

| ower than the 1, shown in for exanple, by changing the angle in

pl anvi GW@JCPuE fork @éwm neroaq@?{aw% A %q@w&ghef@rmmge@mé\ Y%

wei ght ower'ed t i ng spee ength rati
supercriti eed re above which drag growth follows only the
second p F”tbqa?g%%%({f &IEESX%HB aér{ Eﬂ[ stics of TH as to shapes and
ropul si on.
prop . The wetted surface remains approximately constant for a given weight;
. The water flow on the hull's sides continue as small rays, and the lateral

wetted surface remains‘ approximately constant, as is shown in Figs. 13 and 14 of
original Application 08/814,418; and -

. 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 isopposing the-retardiné’ 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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Pat ent Application 08/814,417 as originally filed included several draw ngs
of 19 critical alternative shapes of the |lower surface of TH bel ow water
and the shape of TH above water surfaces, which were not shown in

08/ 814, 418, and which are inportant in relation to the stealth
characteristics of the present invention, and of the hull shape of the
present invention in relation to TH s ability to negotiate and successfully
operate in adverse seas. The review of these previous features and their

ext ensi onp, g@ﬂ W&Y,?Hﬁéﬁg% Eggl fottbF}ParEH §8§%ﬁb8‘é‘éﬁ%b8ﬂ/a‘é‘db'se%drf@q’m%vé” a

| ater part o resent = s icatron. 3. Conceptual I'nquiry

Spoed onva? ?éééﬁghﬁﬁﬂ%ﬁhg FaF Hrob Bk ¥econd BV 2R G %Yg"'“ $he°

speed env eristi

of et ARSERECTRPRY TR e REEL éﬁ%qswﬁwﬁfﬁaf BARCTR AL e Bftcs an% o

concept ual |an|r|es }o mhlch esent i nvention responds. 3a.

Consi der i AgCRmgntionak hyll 40Ccis CW o&)@ gngth (hetweeq; ?fpe%@m V‘t’%ﬂﬁe@n@f its
optim zed conventional hulls, having well-known hydrodynam c regines such as
di spl aceneprespoadingstefsl w@arsraquahiedhyi sawaielinedeagthe gnd this ocoursmsamatioi n
calmwater in a speed-to-length envelope of less than 1 to greater than 5,
is it poseféperdio kiets prmuade sdaiglf derigith in feapabl.850f operating in that broad
speed envel ope? 3b. If the answer to 3a is positive, would one expect that

the wei ght -t o- By &gy d¢fadongsarsont tie dfageaseHayioesf afrefinéd Intgpesionalt Ameries!s
separately, efficiently, and covering by segnents the total breadth of

speed-t o- Cep@idsd /il | eén@éorﬁygno SopetRiayes) bss@amﬁﬁemﬁk*ht@quaneﬂétﬁ bedrh type

covering the sane t ot al broad speed range, or at | east appr oached over

P !Bl REAEE 3 RSBl AREES, SRR 0SBl AR T A

br oad Speerdtlca?nﬂﬁl speed” of a conventlonal hull, but a drag growth above its “hull speed”
greater than the second power an_d much greater than TH, the IACC hull having
experienced also a significant increase of angle of attack with speed.

The test data of ﬁig. 8 indicates that the IACC hull has 40% 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‘vhydrbfield‘s at spéed/length fatio 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 huil 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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3c. If the single new hull type is established, for exanple, as in the
present 20 THI1Il and TH 11l invention, capable of operating over the broad
speed range currently requiring two or three different hull types, each
optim zed in over 100 years of devel opnent, could that new huiltype have
penalties in speed and weight in an adverse sea which are larger than the
penalties suffered by the three types of hulls optimzed also for adverse
seas in their respective speed envel opes, or could the penalties for the

new hul | é?ﬁcél%rr?ﬁigﬁlrsﬁtageé oPRENIEREr SRRk TH %th@%r%twwwat a

revol uti onary new pe achi eves the favorable aracteristics
descri bed, / 9] t - ; lad . > |
contr ol | oV R S fced ulenyferd nof SR T OMETAS o ahd i e TGRS,
adverse .sea?.Th bove conc . | i i .tJous, a i S been
focused dndoation i PRgiSa O RHE s tT hE BB R ERb Y Snart o, buRBSEat i on
08/814.418 as a starting .referen oi nt. as revi ewed bel ow. A

r ef or mul eﬂfitf(‘ﬁip@ﬁeﬂh'éV%'Hi%ie'Btr‘%i'é{'ori‘ ﬁhe[}ﬁ Fiallityio negofigtexng sugesesfylorRietRy i n
snore concrete terns: 3e. |Is there an upper speed range in which practical
oper at i orincAdveFsePseant ThepRvieutdl dhess peavious] eatwes endithail extension anste
encounters dimnishing efficiency returns? 3f. If 3e is the case,

qual i t at iimprovennges under ther presemtringendionnt! ibedvade in dilateopertiof $henpededt and
feasible for TH and TH of Application 08/814,418. In respect to 3e, the
witer figglifieafioh.ders the supercritical reginme with absence of wave-naking
drag growth with speed. There has to remain drag growh with speed of

\éhlslcogiszgri gi g, | MegrfceptaY Incfrgohesoriventfal Hulls Le8dingraorPredBheimvERfio 9i ven

The above review on the speed envelopes and limiting characteristics of the
various types of conventional hulls covered in Sections 1-6 of the present Application,
and of the transonic hull covered its Section 7, leads to the following conceptual
inquiries, to which the present ini/ention reéponds.

3a. Considering Figs. 3 and 4, which shows that three different types of
optimized conventional hulls, having Weii-kno_wn hydrodynamic regimes such as
displacement, semi-diépiacement, and planing, are required to operate in calm water
ina épeed-to—length'enveiope of less than 1 to greater than 5, is it possible to design
a single hull capablé of .opera‘ting in that broad speed envelope?

3b.  If the answer to 3a is positive, would one expect that the weight-to-drag
ratios of the three types of hull types optimized separately, efficiently, and covering by
segments the total 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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grows necessarily with the second power of speed. Hence, there could be
encountered 21 practical limts due to powerplant size requirenents, weight
and costs which occur because power is a cube function of speed grow h,
even if drag growh of THis a second power of speed, since power equals
drag times velocity. Mreover, there could be a performance |imts as speed
i ncreases, because TH archetype's propul sive pressure force, conponent in
its lower surface shown in Fig. 7a is substantially constant, because the

hul I*'s meﬂuhtaﬁﬂﬁuhﬁﬁ@éﬂtﬁoal &apémwéf@guratldae&ree,the bkwoesﬂe%daraﬁgérwﬂrémyng _
percentage contribution of the propul sive pressure force -NsinG3 shown in

Fig. 7a, t a n f ction
dr ag grovv%ﬁu @ég‘g’ﬁdp?]%% {jtfgpé;rggﬁour@{yég\?\}er%sg}? s‘*{m%& gHS&VB?m ni |ng6]d
Benefits pf TH S Pro e Pre ce Wth Spe ncr aseT
quasi - ﬁ%&‘ﬁ?"??&‘&@?’w&g ﬁ*%f‘ﬁ'ﬁ@ %?@%%'ESP%%%”%W eﬁﬁgl is a
probl em of s ific nce or TH s \/era ui rement; V\/m ch i
| || ust r atS68 M’g&b Q?f t&agﬂ@%p?n tesS! rgt_?%exglg%ﬁﬂeg tY%eéserm{UPé’p“m'zed

wei ght -t o- drag ratio of 100 for a 700 foot long TH ship in displacenent
node at a?"%%@éad‘f%sq? 8P A theif fesPastive S'Peﬁﬂ?HV%!OP%PQﬁPU'thh%E)efG@ble@ﬁQTG
According to Fig. 7a, the TH hull of Ag plication 08/ 814.418 experiences in
this regingw hU|bb©tﬁ$B§everep|0é@§m9@Sfrﬁ¢ii aligripaiadAt in its | ower surface
-Nsin(3. The high weight-to-drag ratio indicates that |ow total power is

requi red. The&dt ot Assumayy that a mevalutimarne nalbwohell itgpeacteves th8 Fad@abe00 =
300 tons at a reference speed of 1.2 1700 = 31.75 knots. The dynam c

pressur e dhasdseristics Hesridsinadcndfor3bobto Bbabbve, hbhesHH LS B b B Hesl ARl
pressure force, GPF, on wundersurface is -Nsin(3, according to Fig. 7a,

where R 'c%nﬁron@ﬂ%tnuvrﬁy What MBtHYALIFER bAE Rtedr8d iR WBE®hd ih bn(@vbse 4
the GPF = 2,097 t ons,” cancel ed in great part by opposing
sea? '

The above conceptual inquiry is ambitious, and it has been focused and
investigated, with the transonic hull TH of Patent Application'08/814.418 as a starting
reference point, as reviéwed below.

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

3e. Istherean uppér speéd range in which practical operation of TH Patent
Application 08/814,418 ln 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 08/8314,418.

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 grbwth 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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rearward conponents of pressure forces on sides of TH shown in Fig. 7b.
Therefore, 22 the net propul sive force NPF on the undersurface is by
definition nuch smaller than GPF, and nuch smaller than the 300 ton total
drag. Assune the NPF opposes 20% of total drag, i.e., 60 tons. W assune
in this exanple that total drag growmh wth speed for the TH archetype
corresponds to that of an optinmum TH hydrofield; nanely, drag growh is only
that due to friction above "hull speed,” and that it increases only with

squar e of . Thi S i ] j £ t. da ) own in
Flo 5 o BERE Ut 1B, B PUNEHA S e, dehsdnd S5 Bh R BpsRE
ratio in this exanple, in,order.to .determne the effects of in ase of
speed i n RETEUSEIPRINE] & AriiRecHBEtoN of BBt SIUBN. BYRILE ATa0resPuth g Thh @

wei ght-to-friction drag ratio of TH. If we double the initial speed to 63.5
knots, t HECAPEHOWSHPHSPRES: SiNcetRansy eduplsdrag imeso/alefiy: t he wei ght - dr ag

rati o decreases to 50 without accounting for changes in propulsive pressure
force, and thdlgieeuer there eagidiberaperformepee iés as spesd Rciga®s-be@BIsET26. 45 =
2.40. The correspondi ng dynam c pressure is 11,516 | b/ft 2-. However, the

NPF, whi cdrchetypé’sprepulsins peassufeiforte compdnemtirgits loaier soriatasitioami Rigofa at t ack
of the hull, is now dimnished from20%to. 5%of total drag. If we triple

t he speedsisab&anBailykeustant! becalisaghumiulled vasightis BMb&tahagifyosor@tant( Hentd!
31.75)2 = 9; reaching 2,700 tons, and the weight-drag ratio is | owered

substanti@Le}evistaOdaﬂfﬂmérgggﬁ Eheettaqesshttibutlonstite ?ﬁ% fi\fézp?eélngFﬁftoﬁgem&né& The

correspondi ng renote m c pressure Is 25,91

Force nectigarinR e, BEABEFE RAIGE Bl TR RE R B BEon 1277
\?\él ;ﬁ% -2t ﬁréﬁ%é@%‘rﬁgpmg%% {Eeesseré:ioﬂ %%We}/io?lsgée%g 4,800 tons, and the
39. Diminishing Benefits of TH’s Propulsive Pressuré Force With Speed
Increase |

The quasi-constant magnitude of propulsive pressure force componernit of TH.is
a problem of significance 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 téns. ‘According to Fig. 7a, the TH hull of Application 08/814.418
experiences in this reQifhe a prbpulsive pressure force component in its lower surface
-NsinB. 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 -NsinB, according to Fig. 7a, where {3 is a negative of the undersurface

to remote water. If B is - 4°, the GPF = 2,097 tons, canceled in great part by opposing

rearward components of pressure forces on sides of TH shown in Fig. 7b. Therefore,
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decrease to 30,000/4,800 = 6,25 at a speed-to-length ratio of 127/ 1700 =
4.80. The 23 renote dynam c pressure i s now 46,064 I b/ft2, and the
percentile NPF contribution is wvirtually zero. The above analysis permts
the determnation of the followwng limting characteristics of the TH
archetype of Patent Application 08/814,418, answering part of the
conceptual inquiry of 3a and 3e of the present application: 3h. The friction
drag term D for the weight-to-total-d rag ratio at hi gherspeed- to-I|ength
ratio re i | isl ' ' g
33t LRy € Rorkero oH P L BOAL RS o B AN IR RS tidh

The vi scous S governe e equation Ich™Ais

Kis a faoehran e dutes i FBrid BhdBian HRRF SO&ime helfPh osee 30% - =1

speeds-to-le\%gth rati%g of the order of two to four tinmes higher than "hull
speed, " t9dOREAA% 1058198 rati 0 of the assumed TH archetype decreases and

could be as low as that of a planing hull, about 8 or |less for the exanple
anal yzed. 3i. ‘The pVemgpumnedn priesxample thatetal graa srewtowith speed seordhefTHIH,
which is ' inportant in the displacenent node near "hull speed" and

necessar idrghetypenorrésponols te that obgrpeptiemim Wkl lyldrofield; Tidnseiyl driggowtieisainiyt he
negative angle (3 of TH s | ower surface, becones |ess and |ess significant

as per centhagguefo friotien alprveihul speed, hans that énedadas oy it dgBafl &spaedspeed
i ncreases, since the viscous drag, which total thrust nust overcone,

cont i NUESTH;® ag&@pbri Ras Beeh WeAfied BY t6NRER a5 SROWATIATg VU 88 addRRd-towher eas
changes of weight with speed, even considering apparent wei ght increases

under suth&hi ﬂofdf?’}’sarﬁlt ss@ﬂ&pg%agéaﬁb%ym rrﬁtio?rﬁ'ghi%g{?(agip‘?é,?inoérpgfa{o

propul siv nder body pressure ces, "are obvi ous signiticant. 3j.
The SUbdué:ettcier?rqﬁnfeltﬁé’\’seffec{sorof %%Téosleeof g;&é’e\%sinf ihré Fceilag(ivelﬁlncpo cfa-ncPe"iE)fa BFopulsive
pressure force on the weight-fo-friction¢ drag ratio of TH.
. if we double the initial speed to 63.5 knots, the drag would be four times,
i.e., 1,200 tons, the weight-drag ratio decreases to 50 without accounting for changes
in propulsive pressure force; and the speed-to-length ratio increases to 63.5 V700 = .
63.5/ 26.45 = 2.40. The corresponding dynamic pressure is 11,516 Ib/ft>. However,
the NPF, which refnaijns 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/ /700 = 4.80. The
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Application 08/ 814.418 - consequent of the negative angle of attack of the
hull's 24 undersurface, has the potential of increasing the apparent weight
of the hull and increasing propul sive pressure force conponents, but would
increase the wetted area of sides of the hull, which is unfavorable. 3k.
Benefits of TH Wth D m nishing Percentile Propul sive Pressure Force.

Not wi t hst andi ng the di m ni shing percent of propul sive pressure force with

i ncreasi ng speed, reviewed under Section 3G above, if it were possible to

pover pl anE BBV AT frEgRi S o 4 Pt REFCSH SATER oAt b KPR Ben e ¢ oy

even if thﬁ i%gt-to-drag of TH were to be as unfavorable at high speeds
as that of™d@WZ®ng hull, TH unlike planing hulls, has a very favorable
wei ght-to-drag ratio at | ower speeds, including the "hull speed" range; and
Al so, a br oadgglﬁeeapoé’ﬁvé‘ﬂéldélsva?m%ﬁﬁﬁr deiesmitatiop; QﬁctH@sf@'@W"’e‘ﬂ Higniting
attainable with a single TH hull instead of two or three types of

convent i o¢hwra¢tatistics of gheVirbawghetypmad Faterd Minphtatinn @8/844 418t answerincheartH
case, and-behavior in an adverse 'sea acceptable. 31. Summary of Results of
Concept uadf thegohcemealdbquiey offdreanch Sawf theoprelsentcappieptiarl i nquiry of section
3e is, yes, there are inprovenents needed in TH and TH of Application

08/ 814. 418 t o Zer cPmefrigtioh deagteraD fontheeasigtdombt-ara rdtiaat Mghsr siedd
(causing dimnishing results of propul sive pressure force conponents). And

in reSpeCtto-lfeﬁ%ﬂbr}Q% Fdachds vEREhigh Y4RIes uRdat Sforfsus refotd t@irﬁ%ﬂﬁ?c re%&gér@.

control, and fect of adverse seas. The sol utions to, ese probl ens,

oL bk o ST o SRR B ST A e a,
present | EYig gtvlns%gug 888#&%%%&&&&%& on Reynolds number, and K is a factor to account
for form drag and pressure drag. At speeds-to-length ratios of the order of two to four
times higher than “hull seeed," the weight-to-drag ratio of the assumed TH archetype
decreases and could be as low as that of a planing hull, about 8 or lees forthe example .-
analyzed.
3i. The probulsive,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 weight of TH and the sine o.f 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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foll owi ng section. 25 4. Objectives of Present Invention The objectives of
the TH 11l and TH 111 invention follow fromthe need of a solution of the
conceptual inquiries, nanely: 4a. Establish new hydrodynam c conditions and
speed regines for THin which weight-to-drag ratio for increasing
speed-to-length rati o beyond 2 have inproved efficiency. 4b. Achieve
objective 5a in a manner that does not deteriorate the favorable results
al ready achi eved for TH under Application 08/ 814,418 at speed-to-I|ength

ratio bell,llgq%rgurf@it%hgrl%nﬁ%qggt'%tiéloﬁﬁF’mlc?é%@ir@b’ﬁh%xéﬁwrehhWe?gﬂﬁgﬁethg%tnpén@f

operation transoni c TH T, as may be nhe wi th speci al

per at i o , _ _ ed wih Spe

over . wi CRAeTB SRSV ERre RS0 KomBRERs RGO e SR SAEERT) "
th t , _ ti | hulls; f le, th d-to-| th

ange of & SRRAHRP ol WBRATEbBRBAAR) aceront hul | bnder 1. 35 pl us that o

a conventional planing_hull_above 3. E]ilﬁg\\ Aﬁhi eve favorabl e objectives 4a, 4b
and 4c in a nedtner BTG ohild ity Pim nePercestiiedrophigivedresdiredared i or at e
in presence of adverse seas any nore than, and preferably |ess than,
convent i onal Huom\éthswgdmgcmaa@ésinmﬁmg oeregnt afpreptisives peassves iforca With | | |
configuration that is stealthy in respect to radar and other sensing

met hods. ihkresAtily speed; rviavbel anddr) Sedtiona; above ifdbwbienpossiivle d6 rédusdgh
objectives, with hull shapes, trimfeatures, control devices, and power

ar r angenegpsedsiet TH@ndria diFacerabhtenedeanith icaBordtsle pawerpighttosf antwvadight, under

various sea conditions, including
it would have the very important benefit that even if the we_ight-to-drag of TH were to be
as unfavorable at high speeds ‘as that o‘fva planing hull, TH, unlike planing hulls, has a
very favorable weight-to;dra‘g ratio at lower speeds, including the “hull speed” range;
and

. Also, a broad spéed envelope with comparable effic'gencies could be
attainable with a singlé TH_ hull instead of two or three types of conventional hulls,
provided trim and control Were adequate for the TH case, and behavior.in an adverse
sea acceptable.

31 Summary of Results of Conceptual Inquiries Above.

The answer .to' the conceptual inquiry of section 3e is, yes, there are
improvements needed in TH and TH of Application 08/814.418 to overcome problems
of increasing viscous drag with speed (causing diminishing results of propulsive
pressure force 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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adverse seas and wi nds, to achieve an all weather operational capability. 26
5. Substance and Details of the Present Invention. In order to specify the
new speed regi mes which extends 'H hydrofield to THI1I1, and the innovative
i nprovenents, refinenents, and certain crucial characteristics of TH [11

whi ch have been devel oped by R&D work of this witer, there is first
reviewed the hydrodynam cs and speed regi nes of TH of Application

08/ 814,418 shown in Figs. 10 and 11 of the present Application, within the

scope of the f rm@fi@fﬁﬁ/igg%%ﬁ%en§%vﬁ5ﬁXHew of Supercritical Regime within
t

TH Application 08/ preferred hydr odynam c design

near and abovd NeubhSSpERa L Kol Al AEruf n Bafon BIRRRRoM Lk pipdal 4 ™' ©

appearance is shown in Figure 10: the surface flow on the wake region is
appr oxi naioé!ﬂt@nquéheﬁﬁﬁlcqfﬁﬁﬂén%”@%}m% ¥ntial in the gravitational sense in
the region aft of the stern, but it includes nolecular agitation, because of
friction bel da th&statlishaiew hydrosynamicepandiions and speed Hegigesr for TH in
Neverthel ess, region 1 continues to expand in a uni que way;, because of its
hi ghly di wieich iveighit-te-teagiatio faniecreasing spekdtot-iengthohtic be persbs2 baveintpreved e
subduction for optinmum performance of TH The flow due to the principal

vol une digmntiaged by the translating TH emerges principally in region 1,
with the mninmal surface alteration appearing as left and right

three-di mensi opal nRyRevd GHjEttive 5'&4%%%%tﬁat@bgglnoﬁa@t\é%m@t@%%ra% hunp 7

at downstream wake cut 9. Th| S been observed in tow tank tests up to

SUhari 11 dEP 5'%%"“6%@%%%@893@' OQG%EP?C@E{?FQﬁﬁaﬁ%‘g‘&&?ffedﬁ%?#&“'f%@éd‘”

regine is ez \g? in Figure 11, in which surface flow fields of TH are
appr oxi rrat? lat in region 11. But undersurface viscosity forces,

relativeto rmrrent um , ) .
4c.  Consequent to 5a and 5b extend the speed regimes of operation of a

single transonic hull TH-HI, as may be needed with special shapes, features, powered
propulsive means, and various design devices, to cover, with acceptable efficiency, a
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 favbrable objebtfves 4a, 4b and 4c¢ in a manner and with design
characteristics that do not deterioratelin presence of adverse seas any more than, and
preferably less than, conventional hulls.

4e.  Achieves most or all objectives} above in a TH-Ill 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-IIl under various sea conditions, including ‘

adverse seas and winds, to achieve an all weather operational capability.
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content of flow at subcritical speeds, limts the shape and area of the wake
at 11 to a 27 gothic arch type with aft border 11. Rays 13 and 15 have

| arger hunps. Downstream of flat wake 11, there is sonme eddy and hunp
formations 17 and a central hunp 21. 1In this sub-critical regine, there may
be in sonme cases drag growh with speed higher than second power of speed,
because of the eddies and el evations, even though for TH there are no
transverse stern wave nor a bow wave of the type of conventi onal

di spl acenent hulls n, bot h t S ridical, ;and bcritical speeds, the
undgrsurface f THsluhStaRﬁﬁI%nggf?taﬁéagfgﬁgﬁ{,e gl %ene;?’Ha substantigl negative
angle to the renote flow and experience a sjgpifjcan ropul si ve_farce. 5c.
Devel opnent ofi F%?qulfbnge waj?P:%ef@ﬂ"ﬂ%Wb'gnéﬁ{?”%ﬁt—fﬁfwﬁf#dﬁ'a&ﬁ%

operational capabilities of TH beyond the supercritical range tested, new
tests weraddie Baevativelspmyemanie inemants aagdicsrtain cpugial charadieristigs of TH-
theoretical view that the underbody angle of TH shoul d be governed to
change f ridnwhich havetbesin q!wegmedrtegBéD\mormgltl@switem@@aris ficsé reviewed the a nuch
smal l er negative angle in order to generate a new hydrodynam c

char act erhygltodydanticsrdmd bpeett regomes afitH wéAgplicatioh 0826514, 48/ sidvireineRigs et | mat ed
that the lateral wetted surface of TH should be greatly decreased in the

presence #d B geBEGRESShtTAppNcatitid withirthe sEbps oMHd fdrhendppiRaioRor € _
efficient, different 3-D fl ow behavi or with increasing speeds and dynam c

pressures,  sigace R{IRy BRSupSEAlicie fegithd WithindAI9 nephestidrrd @B ek qu8t ted area,
the following: A hydroflel‘d and hul | wthout shoul'ders, mdbody or quarter
Al U e o NI il Py cubylc B BakifeH B¥ine LUBRBr Gl ARG L o

were achi eved w-and i ‘ odynam ¢~ characteristics in the tow
tank, ”%%Pogﬁe?é fforasglega-%-ﬁerr]\bﬂgr o %ggrt ars acgovgr r?lﬂf"sﬁéé’c? under Application

08/814,418. Its surface appearance is shown in Figure 10: the surface flow on the

wake region is approximately flat and tends on equipoten'tial‘ in the gravitational sense
in the region aft of thve’ste,rn, but it includes molecular agitation, because of friction
below the underéurface of TH emerging aft of the stern. . Nevertheless, region 1
continues to expand in a uniquev‘way;ubecause -of its' highly directional steady
momentum, indicative 6f successful anti-wave subduction for optimum performance of
TH. The flow due to the principal volume 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.

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

This speed regime is shown in Figure 11, in which surface flow fields of TH are
approximately flatin region 11. But undersurface viscosity forces, relative to momentum

content of flow at subcritical speeds, limits the shape and area of the wake at 11 to a
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under body pressure force, for a significantly reduced drag fromreduced

| ateral wetted 28 surface, resulting in a higher weight-to-drag rati os.than
ot herwi se for speed-to-length ratios beyond 2 and of the order of 3. This
special different regine is called hypercritical to mark the fact in that
(a) no dynamc lift is possible since the undersurface of TH remains at a
greatly reduced but still negative angle, but (b) nevertheless there occurs
a decrease of lateral wetted surface. The reginme is uniquely efficient and

toa critddimb ARAPRHE Gith AfboHRr A OREYS Y3 Bhd liEhaRBISIGRK hhfpdNBHiHs AN O M

of TH, and its pro , under effect” of higher level's to ve the higher

dynam c I N W i i i on in
o cat er Ao VAR 1" 1B R Sipbl ey JrBghiF (Ratioh: 17 PR RN AR 21
Regime faor ,TH 11 .and THI1I11,. In fhe new nodel tests, as speed . further

i ncr ease3n5@§8Hbq’ﬁ8§1H%@%rt??rleéﬂigy EW} %Qérf"ﬁga TPQC%Q}WBLWEP ﬁ@ﬂe\,&@ghﬂ ain a
very smal | andﬁg{H tical 1posi tive angl e i ch, neverthel ess provides

si gni fi cdhgn &g gower of spRec: BEER rtﬁgﬁﬁg'%i@? elovalians. prer thaugh fact i ng
on a very large wetted planform i.e., a |low planform | oading, there

resul t ed B theyararg neytiabuaiserstere srryptNas i Ben waksed thedype of wanventional

nevert hel ess has a substantial decrease of wetted | ength of the | ower
surface dfisplaeermentinulishul |, conpared to the hypercritical case. | call this
regime "transplanar” in that it retains sone lateral in-flow characteristic
of the super crntbatialthe egipercritical bed tsubortimal epbeds,; thehatdersurfadee of Mewin
direction does not generate the predomnantly outward flows typical of

pl ani ng, AppiehticH @AM 8 i abidsubedintiaPHEgaiive iafgle td) thdrdm¥ltd 16 shdR&D on
transonic hulls, the operational reginmes, which in Patent Application

O e AP AR Rieq e ) e, Sypercrtical cases
5¢c.  Development of Hypercritical Regime for TH-HI and TH-lI.

To achieve éperational capabilities of TH beyond the supercritical range tested,
new tests were necessary beyond speed/length ratio of 2 to verify the theoretical view
that the underbody angle of TH should be governed to change from its initial large
negative angle to the surface, towards a much smaller negative angle in order to
generate a new-hydr‘odynam‘ic chéracteristics in which, at constant weight, it was
nevertheless es'timétedv that the lateral wetted surface of TH should be greatly
decreased in the presence of a decreased flow subduction. This would lead to a more
efficient, different 3-D flbw.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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nanmed hypercritical and transpl anar, which have wei ght-to-drag ratios
substantially 29 nore favorable and require | ess power than would be the
case if the TH of 08/814,418 were powered to achieve, in the displacenent
node, the sane speed/length ratio range. 5e. The Supercritical Regine as a
Preanbl e to Hypercritical Case. Fig. 12a shows, by way of referral, the
hydrostatic (V/JL=0, waterplane 24 representative of a TH having a

| engt h/ beamratio of 4.25 (beam not shown), and stern draft 23 with a

(Lons) [| SHgEReTRoH h%@‘idé‘%’f%“’%@%rdﬁﬁ i0gheR ol S i g,
tern. Veaaﬁ%niﬁvéﬁ’dcﬁita oh g By R ShidabeChaMient Bl il

respect to renpte waterplan of . TH i.n ercritic [ eqi ne changestothat
shown i n ¥PgICriiog] tosparket g‘t‘Ct ) ltrPﬂSu@E ’ﬁ%/r‘#gfﬁ?@'%ﬁgr Pagiplersince ther o, the
undersurface angle (3_and draft at bow as as deck angl e remains

subst ant |Ltildleysl{1ﬁ§ﬁ69fg-5|d remaing ad fu Degally rﬁﬁké%%‘iupét sl |n§ga§YQgﬁﬂgiecé?Ht {b)The
correspondi ng surface of the hydrofield is shown already in Fig. 10. 5f.

Speci f i cataverthelesg therg odeurs aldeBreiseat thtaral wettedswinden Thggegime isiuoijueRegi e
To increase speed beyond speed/length ratio of 2, this witer theorized that
t he hi ghefficiemtranaittora crﬁh:hénteaeﬂrdmeniqak@rmfeﬁlﬁ-daﬂthé special trivagulanglanfsin fi ed a
rearward shift of the center of gravity, shown in Fig. 13a as an increase

in the hygrastaid fs Vo =(hderdémddt o?shlghetrhe\iélﬂ"t@fabhfeﬁ)ettﬁé"ﬁlérfér' QyRamfbout

0.02, still retaining a deep draft at the bow. However, in the dynanlc
condi tio r
condh 1 gl hARIAILPRUIRE £ URlS 05 BR MAck By T BrBlE A RKE

angl e ISOf\kﬁéjul ed to 3 in Fig. 13b substantlally smal ler than (3 in Fig.
12b. "negative, can approach zero. This change of angle of attack

s not predi ct aé)l © eveE)pmen? of ﬁ1edTranspIanar Regime for TH-1ll and TH-III.

In the new model'tgsts, as speed was further increased beyond the hypercritical
with the underbody gov.e'rned‘to attain a very small and critical positive angle which
nevertheless provides significant dynamic lift due to the very the high dynamic pressure
acting on a very Iérge wetted planform;, i.e., a low planférm.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-IIl hull, compared to the
hypercritical case. | call fhis regime “transplanar” in that it retains some lateral in-flow
characteristic of the supercritical regime of the transonic hull; that is, the flow direction
does not generate the predominantly outward flows typical of planing, which are shown
in Fig. 14f. ~

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

named hypercritical and transplanar, which have weight-to-drag ratios substantially
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shoul der wave of a conventional hull (see Fig. 2), because there is no

shoul der wave 30 on TH1I1Il, and Its bow wave is mnimal. The small angle 5
reduces the total propulsive force, but it was confirmed in new nodel tests
that it reduces also the viscous or friction drag on the sides of TH Wile
t he surface appearance of the corresponding flow appeared as in Fig. 10, it
has different three-di nensional flow field conponents which cannot be
related to planing, as no surface conponent of the hull has positive angle

of attack w.ith respect to. the re fl es ot he
vetted armvarER el %fﬁporr&%iﬁm@%ﬁg*h@ ?gﬁ'*“‘%cﬁﬁ&fbﬁéﬁﬁ% whi ch
hydrostati c wei ght ‘nust be su I o di spl aced

altered WP d % a\‘—':ht?"elfb 'LSH ce@éug?qq#e tt%‘? S8 Pgﬁ?dlﬁﬂghfat@ue to
greatly decreased subduction, and a decrease of propulsive pressure force
wi t hout <@RER-ficant det erioration in surface or wake of the hydrofield. The
new regime is named "hypercritical,” and was attained w th propul sive thrust
appr oxi mat el y 5par alThelSupetcritienbRegime amaEreamblede HypeseriicabSase prop shaft
33 to provide nose up pitch up couple with respect to THIII's drag with

arm 37 of appigxiduesedws, bybwaniof sefedradiéchyastatid (WY haOs) waterflabd2d4st | i ne
is inclined upward as in prop shaft 35, it can provide a lifting force

equal to rgpiedshtatiléBha $Hﬂfavﬂf ARBEh/BSam Fatlo of 2B Weam hbt SHWaLaridstéiag
ratio were 75, drag woul d be 75 and a 10 angle at 39 would result in a

lift for%ﬁa@fzs%@rﬁ’%4waﬁﬁeeoe°dlrﬁ%ﬁd %ﬁbbpr&mﬁéréry%grslrépackrvégﬁr/en rPFatrand I's

i nproved 1 n respect to Fig arge ch ange

under surf f

appr oxi m;fo@%;leflg ﬁ% %@1 c@ %f tﬁﬁc 8grerrtgl er va %gﬁ&% gtrjgargl{a'ﬁ%]anglgucti on
of later wet t d ar of u v res e on the under surface, an
increaseadﬁ ﬂ?ﬁ‘ Sﬁf@%ﬁt} é’?e%mﬁ h%ﬁ@ﬁ“t ee?rt? ™dbn the wake, and an aft
shift of center of gravity, th certain effects of thrust line in
this case from gyr@ﬁ;glmcgpdrggp a@gue Ohullspeed the side elevation in respect to remote

waterplane of TH in supercritical regime changes to that shown in Fig. 12b. Notice that
although dynamic stern draft 25 is zero, the undersurface angle 8 and draft at bow: as
well as deck angle remains substantially unchanged, but propulsi.ve‘pressure 27 is
significant. The correspondine surface- of the hydrofield is'shown already in Fig. 10.
5f. Specification of (for) TH-IIl Body and I_I-_Iiu Flow in Hypercritical Regime
To increase speed beyond speed/length ratio of 2, this writer theorized that the
higher momentum eentent of the wake of TH-IIl permitted and justified a rearward shift
of the center of grévity, shown in Fig. 13a as an increase in the hydrostatic (VA L=0)
draft 29 with a draft-to-beam ratio of about 0.02, still retaining a deep draft at the bow.
However, in the dynamic condition, while the hydrodynamic draft relative to the stern’s
wake becomes substantially zero in Fig. 13b, as in Fig. 12b, the undersurface angle is
reduced to B' in Fig. 13b, substantially smaller than B in Fig. 12b. B', while negative,
can approach zero. This change ef 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

30



be water jets as well. The conplex conmbi ned action of the changes above
produce the 31 hypercritical regine and results in greatly inproved

wei ght-to-drag ratio for speed/length ratio of order of 3, or nore, that
Is, in the range usually assigned to |arger vee-bottom sem -planing boats.
Notice, however, that the performance in the hypercritical regime has not
I npai red the surface appearance of the wake of Fig 10, but TH 11l now
operates in three regines: subcritical, supercritical, and hypercritical,

and pr evepks, ) 40lfs iV adk BLAREIACRE L dloRRRB R SUE RS B gpalYe

descriptron of” easl or an ue to the

b | fl i des.. d ' 1.q- , d
cur vat ur BSGEh v ESTede0 (! Mefea e Brea s R RSP B m beam
orent undieGobE 1 si9ea o QUBTR e FLFACR SRREATEUGR B! Hie RORPRPTRLIDm

content which continues to prevent transverse stern wave formation. A word
of cauti 8ppearted @sprkig. 118, thas diffsrentdhiegedimensiongk flovefield coptpageats whickhi ft to
the rear, since it has to neet both supercritical and hypercritical

r egi mes. caWmmtpechlatestto pamingrasdicsuriaceaetmanent ofthediull has poaitine dngletath
oscillations similar to an aircraft "phugoi d' node, which can becone

unst abl eatack witly srspent to tAd eerfGel flovabibmeviestheleisg red s the ouatted areeintthe n
limts, reviewed |ater on. 5g. Specification of TH Body and Flow in

Transpl agiges RegiHTe Theratfdihmkht ahthis Tohdifidn, iMWaicts PeedsedticWbipht Must Ber
I ncreased beyond the hypercritical regine of Fig. 13b, an entirely new

hydr odyngiyméeig?tlyﬂ? D80k F§flac r ARl i FRBERIAMAY 1 2bihy thBequickioRer M t s

a uni que cirent partiral dynamc lift condltion hou e type of

\%it }N:r (rj epg%ép?akghvké8 M t%@r@ﬁﬂé&géseﬁ%‘éﬁ[]&ioqﬂ ahq SO B o RlisiBE 2N NG,
pressure force without significant deterioration in surface or wake of the hydrofield. The
new regime is na‘;me'd‘ “Hy‘pércritical,” and was attained with propulsive thrust
approximately parallel and below the undersurface located as in prop shaft 33 to
provide nose up pitch up couple with respect to TH-III's drag with arm 37 of’
approximately 0.5 units (0.007% LOA). Alternately, if thrustfine 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 wefe 75, drag would be W/75 and a 10° angle at 39
would result in a lift force of 0.0024W.

The specificatioﬁs for Fig. 13b differs fromandis ifnproved in respectto 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 momeéntum content on the wake, and an aft shift of center of

gravity, combined with certain effects of thrust line in this case from propeller but could

be water jets as well. The complex combined action of the changes above produce the
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transonic hull features which also yield and permt supercritical, and
hypercritical 32 reginmes. The hydrodynam cs and hull conditions are
described with the aid of Fig. 14. Before describing Fig. 14, however, a
review is made of conventional planing boat design of advanced design, for
exanple, that of Fig. 14f, so that the qualitative differences of the
transpl anar reginme can be appreci ated. Conventional planing is

characterized as follows: A planing hull below the planing speed sinks
atthe stern, increasing angle of attack due to |arge bow and shoul der waves
as shown hypetsstiea RegimerIng results in gr qaﬂ)é'nwavedsweaate%%eg ratisfosspeatieadur f aces
and there is sufficient power, the planing boat clinbs over its bow and
shoul der ratovef erder em,eqrs'nonreeﬂpﬂtamnmgwerreggwsuaﬁy FYsigneptp largenverdbditomow 41
in Fig. 14f with lateral spray is .a consequence of |lift requirenment by
momrent umsehapipning boatey duticenadwelesthatthe pefesmandd inithalhypémritice) regiee Ap
shown as 43 in Fig. 14f in contact with water provides |ift with m ninum

vetted argg.nof pfditednge smféttegépg deQﬁdid\ﬂake’:‘oﬂU%YIOEmIt TFRAENoWPYpétatdsdi ng
boat wei ght Wby pl aning area Rel atively high planing angl e of attack

caused an%ﬁ@élre?%%g ﬂbc”&'%'%&ﬁérc"'ﬁbahlﬁa @B ﬁleén Qﬁ@@ &@@?%?(am ng ar ea

lift, as was exp |nedareadyvmt the ai

Ap, 4::I a(é.m;gﬁﬁh Q‘He‘b\‘ges@dl Xy of hull's pl anform 43 + 45, resul ts in

hi gh o an at erse sea on area 45, cau5|ng hlgh pItCh

osc 1ot ons, it e Db e hull op R o2 s el

results Ic%n%gl?rgﬁgn beiéguge]%s hﬂa? erlc,glaree 8fvo?é to shoulder, mid-body, and quarter
curvatures which are usual wave-making sources, and because the maximum beam of
TH is adjacent the stern, and the.refore collects the entire underbody momentum flows
and discharges it in flat exit wake with high momentum content which continues to
prevent transverse stern wave formation.

A word of caution in respect to Fig. 13b is the limit of center of gfavity shift to the
rear, since it has to.m'eet both supercritical and hypercritical regimes. Wrong choice -
can produce a tendency for self-sustained pitch oscillations similar to an aircraft
“phugoid” mode, which can become unstable and divergent. The CG location for Fig.
13b requires certain Iimfts, reviewed llater on.

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

TH-NL

When speed of TH is further increased beyond the hypercritical regime of Fig.
13b, an entirely new hydrodynamics was theorized, named herein “transplanar” in that
it permits a uniquely efficient partial dynamic lift condition without the type of outward

lateral flow which penalizes conventional semi-planing or planing, while retaining the

transonic hull features which also yield and permit supercritical, and hypercritical
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A di sturbed wake conprising, in cross-section view, hollows 49 and 33
protrusions 51, are synptons of high nonmentumdrag in addition to | ateral

fl ow | osses. A wake planformthat, unless disturbed by propeller
slipstream has a holl ow which usually closes downstream of the stern with a
| arge hunp 53, a synptom of drag. As explained earlier, the |large area
portion 45 and associ ated volune above it, which is dry only in cal mwater
but becones engaged repeatedly in waves, causes high slamm ng | oads pl us

| arge change of -bu nt, forces i na.. ' clic.structuyral

| oads, - s odreS, TAE YA TE and ERLo s AR SR Hhe il ineiad bE G 147 o
occupants and cargo, d require slow ng the operational, speed of

convent i Gi¥Qre ‘%S&ﬁg'ﬁgaﬁgi 14 'i‘?iweol\éﬁfe?srgv'g}é’d?’ ’Eﬁ‘g‘? 8@&%@‘3%%8@@6@»{@ beRbve
probl ems of conventional planing hulls, TH 11l of Fig. 14 is shown in its
t r anspl afigpionedfi agvaneegr dgsign fon exagrlasihahed fiige pAarma &wti herplitatvg.  The
contrasts and | arge benefits of THIIl's transplanar reginme are evident in
the f ol diffdrencatesicihiepiraraplanariregine sandestprecdistednaGenventiidabp@ninghisch TH
must clinmb to enter a .transplanar regine. Large planing area Ap, 61,

conpar ed charataizedd@syfoldvenf orm area 63, permts the generation of adequate
nmonentum | ift with a snmall positive angle a, which cannot becone | arge

because of the | ocabigin@hullBioR@rplahingbpesd sihkdatthé btern ligtvehsinganyanar
area | oading, WAp, because Ap 61 is large. Inherent |low angle of attack a

o un HPLEHEHS LA oAty sl R RGp Wo0- Lom

. Ifthe boat's underbody has suitable surfaces and there is sufficient power,
the planing boat climbs over its bow and shoulder wave and enters the planing regime
of Fig. 14f.

. QOutward flow 41 in Fig. 14f with lateral spray is a consequence of lift
requirement by momentum change of con\(entional planing shapes.

. Minimal olaninlg area Ap shown as 43 in Fig. 14f in contact with water
provides lift with minimum wetted area, resulting in high.area loading, a quotient made
by dividing boat weight W by planing area Ap. |

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

. Small planing area Ap, 43, compared to overall area of hull's planform 43
+ 45, 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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value of a. 34 Lack of lateral energy dissipating flows fromTHI1Il in the
transplanar regine, in favor of typical TH s side rays, not w thstanding
adequate monmentum |lift, a wunique advantage of the THIIIl planformin
transpl anar flow. Low beam | oading at stern, achieved by placing a |arge
maxi num beam at stern, allowing also |ow area | oading. Superior |ow energy
wake achieved with lowa, low WAp ;low WB', lack of outward flow, with

| ow energy rays instead, and absence of outward l|ateral spray flows, as is
poi nted out,_in pertinent transplanar clains., Excellent hayior:in _adverse
sea becalﬁ’é%trlisllfg%ré% 26° 8YMY Sp&mr}b'i“w&é{“ dé@'”@?d&}é’f‘tf‘égﬁ%ﬁ%ﬁ?‘wsgt?%a 61,
and to total area 63 + 61, is small in snpoth seas, whence the dry vol une
correspondi ng*to afesaks plesfemsthainuniess disiiraed byiRiRpelics slisaieamahas added
buoyant lift in adverse seas produce mnimal effects in pitch, thereby

avoi di ng hiallgi whichudsualipiclasea dewaaiieas ©& thersteiromith a lasge Supwi 5@, @dsymptornn
pertinent transplanar clains. Specifically, Fig 14a shows in planforma
transoni ofdtdd. having its archetype triangular shape, simlar to that of
Fig. 10 and 11. However, the hydrodynamic regine in Fig. 14a is entirely

di fferentfromeFi g. A Zxphaicedikeaniedi thé dargataréa eortoond® and axsbceiteanvsigmehul | .
In Fig.14b in the transplanar regine, the hull is at a very small positive

angl e R' apof@ @WMVhithti8 dApBRIVah cBlen waltdrbud beesdhes ehgaged répeaAddly In diaves engt h
69. It is evident that,” contrary to a conventional high speed planing hull,

the dry %faggedsgﬁghaa%%yvg%é@&bms Iaﬁg%agng&xgé&%ﬁgéa oftbs n\@aafﬁgtggﬁéééswer educes

sl amm ng n an adverse sea. vol u ove | engt 'S much

sr e RS- FOHD Bl BTGB e BB s BT
for occupants and cargo,;a_nd féquire élowing the operational speed of conventional
planing hulls in adverse_ sea.

Overcoming all of the above probiems of conventional planing hulls, TH-1Il of Fig.
14 is shown in its transplanar régime in profile in Fig. 14b and in planview in Fig. 14a.
The contrasts and large benefits of TH-IlI'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 planihg area Ap, 61, compared to small dry planform area 63,
permits the generation of édequate 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 a.
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| ateral spray, indeed retaining |lateral rays of the type of Fig. 10, which
Is contrary to, 35 and not possible in, conventional planing hull. These
uni que features of TH1 [I's are the subject of pertinent transplanar
clainms. Certain critical geonetric relations |eading to the unique

hydr odynam cs and superior sea keeping of TH 111, which apply to the
hypercritical and transplanar reginmes, and the x-regine (see later on), are
illustrated in the foll ow ng exanple, specified not by way of limtation.
In the exanple, the nuneral s pertai ‘Q to Fig, 14, andn_t]he,nunbers i dentified
as units coul @ be taef of {ageal Gnerdye ',SS'H@F%QQQOWP fERMetHihiin ghe frapsplapgiy =
nunerals 67 + 69 = 70 units_ B, beamnuneral 62 = 16 units LW./B = 4.375
Entry pl dagioemimigypeobypical BHgidays. mptwithsiandingadequaiawremespmdifB® uni t s
Dry length in Fig. 14, nunmeral 69 = 35 units Hull's total planformarea =
560 uni t singyesadicntegecofitharied-HI planfesmtie drangplpoar fiowal , supercritical,
hypercritical = 560 units squared Dry planformforward transpl anar, calm
wat er = 140 units &quasesmn [OAtlirigeat sidranachieved mnslptingar largeainexiviine beam60- 140
= 420 units squared % waterplane area |oaded hypercritical = 100% %

wat er pl ang stdrfaallwify akdi1bwaiésd 10 @.in adverse seas = 0% % wat er pl ane area
| oaded cal mwater, transplanar, 420/560 = 75% transplanar %area with
transient additiona),,bagtol/ ey RAR adiieRMBIBWE ASw WA IPNIB, 1270
of outward flow, with low energy rays instead, and absence of outward lateral spray
flows, as is pointed out in pertinent transplanar claims.
. Excellent behavior in adverse sea because the ratio of dry planform area
63, to wetted planing area 61, and to total area 63 + 61, is small in smooth seas,
whence the dry volume correspénding to area 61 is also small, whereby slamming loads
and added buoyant lift in adverse seas produce minimal effects in pitch, thereby
avoiding high structural loads and accelerations, as is pointed out in pertinént
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
inFig. 14ais entirel»y differentfrbm 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 85, 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 61‘, which greatly reduces slamming loads in an adverse sea. Also,
volume above length 69 is much smaller than above length 67, reducing added buoyant

forces in an adverse sea. In a calm sea, surface of wake shows a unique absence of

lateral spray, indeed retaining lateral rays of the type of Fig. 10, which is contrary to,
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Wei ght of boat = W36 Planform | oading = W420, cal mwater, transpl anar

Pl anform | oading = W560, hypercritical Beam | oading all conditions W16
Average free board height, nunmeral 64 = 5 units Vol une above wat er pl ane,
transpl anar = 2100 units cubed Vol une above forward dry planform

transpl anar = 700 units cubed, partially engaged only in rough water Ratio
of volune forward to vol une above waterpl ane 700/ 2100 = 0. 33 The above
design criteria and characteristics of TH, though not limting, are unique.
Moreover, they require, for safe tran ar _operation, a proper |ocation of
center OF”QPQ&?C{?W POrI“fﬁiﬁ'Pf‘ﬁltﬂl?f%{W'QE@Lta@TesS nfqur?tfjﬁ?{b{)‘???{wl,lsﬁﬁdﬁﬁhr ust
line, such that the behavior in cal mand adverse seas are adequate. The
cent er ofYPigsh Afpertinanddransplapgeslainte required conditions in transpl anar flow
depend on hull shape in planformin profile, and thrust [ine [ocation. A
good val ue fofetdn edisal gaometric ietatiops Jeadinaiptie usiqueghydnodynanties andd
forward fromthe stern, i.e., 40%of LW, wth the thrust |ine

appr oxi maupdrjor pea aeégihg obTHHE, winideasply fetbe hgperctitiedl andittasspleharvegimes,. . ,
1.78% LOA below it. The. above uni que features are characteristics for

cl ai ms. BHY thekMBgime (seeadster BNE afe lusiatet g the folowingReapiplé | §tlcifled not
transplanar regines on THI1Il wth a stable CG the corresponding aft

profile %?Wdfﬁnﬁaﬁm ﬁﬁhé%xbﬁfoﬁ,%e AdrBerald PErtARRS 0. 'Tﬂ?ﬁ’rl\d’}ﬁehﬁl pes 2.0
units of Tength of the undersurface, shown as 73, having a length o

2.5 3. 400 oUOED cSRUSIcoE e el ARy Bt gy o el y -

degrees, as s isis qualrtative I'fferent and contrary

practice to %\ﬁ{jilL%ﬂ%‘Fne‘%Bis'Hﬂi‘s@‘%%’u%ksa“i ng boat s, whi ch recommend

opposi t e “down

> B, beam numeral 62 = 16 units

> LWL/B = 4,375

> Entry 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 fon/\}ard‘transplanar, calm water = 140 units squared

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

> % waterplane area loaded h'ypercritical =100%

> % waterplane area With addi’tional 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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canber at stern to facilitate planing wthout excessive angle of attack, and
al so reduce 37 hunp drag before planing; for exanple, to alleviate nose-up
tendency at bottomof Fig. 2. The critical inportance of hull shape, CG
and control flaps to be specified in next sections can be better understood
by recogni zing the variables involved in pitch equilibriumas hydrodynam c
regi mes change from zero speed to transplanar in calm water and in a sea.
Consi deration has to be given to hydrostatic center of buoyancy,

hydr odynam ¢ center of buoyancy during hull notion, |ongitudinal center of
fiotation (LEENeIRPagk ?cWﬁ‘)éQf calat WRlST FRSPRABER changes .radical Iy in
transpl anar regI:Ji me, center of dynam c pressure forces due to nonentum
change, ef f ecPlasfforem laagénds MIHO0, Bypeagadfical of attack on hydrodynam c
subduction, the respective interaction of all the above in cal mwater and

i n an adwver se Beam loBdingextlogpiditjonsiV{1te exanpl e revi ewed above in which the
CGis 28 units from stern, i.e., 40% LW, the center of |ongitudinal

flotation (wapgepligefeeabeardawigtitphdneral 84i=5 uhitom 23. 3 units from stern (33%
of LW) in supercritical regime, to roughly 15 wunits fromstern (21 % of

LW) i n tr ansplopié abees Waterpere! thnedianarte100 isitsalbedi st ance  bet ween CG
and LCF vary from (28 - 23.3) units = 4.7 units for supercritical and

h i t,i cal i bbb y , = L o8bé& yt's:
APon”T s 15 syl ARETRRR EIGShrt P R gl - 200 WAL bR A o,

which is 18.5% regi ne. An approxi nate po

is shown as ntégg%%q éﬁlxgﬁ{%ﬂrgwatga. These i nportant 'paraneters and

rel ati onshi ps ongitudinal trim stability, and control have

been, exe! | el ol e RBTET o e BB RRI 21 - e e it @
Bﬁ: ![ , h\%: 2% r Ql'lljwre]daebdov(éoégs?grns crl')ite;atri\gleaennd gliw::ljr(z?l8te?li2’t?lcsbcg)1ct Irlglfntflséjtjrg]char?&slirr?i]:tiné,agljeuS !
unique. Moreover, they require, for safe transplanar operation, a proper location of
center of gravity (CG), longitudinal center of flotation (LCF), and thrust line, such that
the behavior in calm and adverse seas are adequate. The center of gravity needed to
meet the required conditions in transplanar flow depend on hull shape in planform in “i’:4if‘?';3
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 transition from hypercritical to transplanar regimes on
TH-HI with a stable CG, the corresponding aft profile shape is shown as 71 in Fig. 14c,
for approximately the last 2.0 units of length of the undersurface, shown as 73, having
a length of 2.5-3.5% of LWL which should be inclined upwards at approximately -5
degrees, as shown by angle -a. This is qualitatively different and contrary practice to

profile shape of high speed planing boats, which recommend opposite downward

camber at stern to facilitate planing without excessive angle of attack, and also reduce
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is 6.25%o0of stern's beam 38 Variations of the hull's geonetry in the
exanpl e above will alter sonmewhat the paraneters and rel ations of

|l ongitudinal trim stability, and control. They are al so dependent on ratio
of weight to volune, for exanple, weight in tons to cube of length in
feet/100. The exanple given is a guide for ratios in the order of 50 to 85.
By way of reference, a ship of 30,000 tons and 750 feet LW has a

wei ght-to-volune ratio of 71.1. In this respect, it is inportant to

di stri but - o b ; _
nar ost at OSSP ERRERLHing 3 opR e, Wb e BB oy RUEMoFLol T e o

TH and TH- 111 if flotation with a static waterplane were nmade such that

TH s undérsurface were parallel to the waterplane, as is usual for

conventi onal i ps,. the center of bhupyancy.would fall_at about 33% |OA,
Foquiri ng the 1OaRtEBawogange il SREGE. G Bl conBol ity deisagrheq

di spl acenent supercritical regine, and woul d negate the |ar qe di st ances

bet ween O&XhsRrtioos can berheties simdersiaed bVFﬁqu@'W\%ﬁJ\@r'la@{ﬁsdﬁ Olveghi Rt d
cause an unstable pitch situation at higher speeds. Also, TH s stern's wake
i n super aquilibdam aselydredyramig reginessthange drom verorspagsiHogeanspblasiar in ealat i on,
the renmedy to nove CG forward for pitch stability would require a subnerged
nose bul lwater and measeai €ohsideratichi has tadel give mipahydrdstatic aentebef bumadasyr abl e
in an adverse sea, resulting in slamm ng | oads and | arge vari ati ons of

struct ur lydreiyiafic 68MENLEbabydAciRMing M. mSied, NokEideea deftdvrifdlotatdinngl e TH
Qperational in Various Speed Regines. To nake feasible a flexible and

ef ficient  gge agéabwﬁ’crﬁﬁ Qg' WaterasONhich lLEHanEEE Qé{G%E:aIIN;:gﬁrsgﬁjéﬁalbfegﬁg?,s peed

range - i.e., subcritical, supercritical, hypercrit t ranspl’anar

regimes 'cer?errio?lelr?arﬂi%%?gésqué Forbds @Jé’lfoi rjngm-éﬁtu?r{ cr?efrigtei, gﬁ’éctad?ghgﬁéé- SHHOI®S ul'ts,

angle of attack on-hydrodynamic subduction, the respective interaction of all the above
in calm water and in an adverse sea.

For example, iﬁ 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 transplanar regime. Accordingly, the critical distance
between CG and LCF \"/ary from (28 - 23.3) units = 4.7 units for supercritical and
hypercritical regimes, which is 8.7% LOA, to (28 - 15) units = 13 units, which is 18.5%
of LOA, in the transplanar regime. An approximate position is shown as numeral 70 in
Fig. 14a.

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

is 6.25% of stern’s beam.
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for exanple, with a trailing edge flap at the stern, but used in a
qualitatively different 39 critical and opposite way than stern tabs on
conventional planing or sem -planing boats. Fig. 14d shows TH s
undersurface with a flat aft profile 75 adjacent stern 77, with a stern flap
76 nounted snoothly at the corner of surfaces 77 and 75, with an upward

flap angle Sf of about -6, and a stern flap chord of 2.5% LW.. This negative
angle is needed to generate and govern the critical small angle 65 in Fig.

14b in transp . I egi it h I . ' rtain in
subcritical r &%ﬂ%@%ﬂs %ﬂbws %eeoﬁ%bgﬂitﬁe égé@g(%r?@‘%a\*‘/moaﬁt%ﬁ%@?@'hgfﬁ%al
reginmes. Fig. 14e shows the stern flap.of Fjg..14d nstalled in the type of
SLorn of RAFGEER aHdRIAtPES O JoRatTH Sino stabitpetnd, BEhRak ¢ T e rs s
Specifically, there is flat profile aft of hull 78 which curves gently to
the rear depesdeatan rago &f Weiglte walume, deredXPririauueiaht indpes o suks af iEnatout
0.18, thereby increasing i mersed volune contribution of rear of TH 111,
wi t hout dxtastd00e ThecxpMPlegivedisd guidaifoigtiagin the ordriraf 504050 ydvay eft er n
flap 82 of about 2.1 %chord operated fromtorque tube 86 by a connecting

rod bet waeferenom, 8Shipari30[000dkes akd 750 feet EVAhasasweighttgVauomie ratimott 745, f or
transpl anar flow, and optionally for subcritical flow up to about -8..

However, |hks fdspect @ueingrstant o @ibfribate e loguey Straronicaiuire calsd @ nalwput zero
exit angle at stern flap position 88 for supercritical and hypercritical

regi nes, g?é‘&ehﬁzdrést%ﬂé‘airéﬂ abb ks st dtb@n 89 which buries the bow of TH and
raises its stern for a drag increnent from both sources, especially

e o eunc R R s BB SIS TS PIIR RS R
ShaPe. AR s R A P BBl et BB BT L o
Storn 113 Upear fefraiientingal ShRsm i anien el Baavancy would fal'at about 550 LOA, "
requiring 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 transonic hull, which would impair drag and be
undesirable in an adverée sea, resulting in slamming loads and large variations of
structural bending moments at midbody.
5h.  Stern Dévices 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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distribution of dry and wetted undersurface areas and correspondi ng vol unes,
and their 40 effects on hull behavior in adverse seas. For the latter case,
an increase of weight permts a nore aft CG |location; for exanple,
forweight-to-length ratio of 76, the CG can be noved back fromO0.40 to
0.39, and also at lighter weight-to-length ratio to permt easier entry to
the transpi anar regine. 5i. Additional X-Speed Reginme of TH Fig. 15 shows a
new regi me whi ch has been devel oped by this witer's R& on a transonic

hul I. 1t J Q;éé;{' I it s orelal

t ransoni Shﬁ%%?%yﬁg%sgtepr mhé@étegﬁ%%aﬁgtg? @%’%’ﬁﬁ’?‘%@g@{‘ E%ﬁg%h’g'ﬁ{aﬁ‘ﬁ‘&t t{g)eé:[as)&pl or ed,
al t hough the abs 0 houl der.. . m . a . curyvatur TH
remains critica ?g(igh%‘lgﬁﬁe"%%r qrgac?%%f’ﬁ’ﬂa[tﬁﬂ%@@??%ﬂ@@g@g%ﬁwﬁhns
appear to defy full understandjng,.and is therefor i ified as the

X- 1 egi rre,agﬂ@&@ﬁﬁ@r@ﬂ”?ﬁdtﬁoﬁhﬁ%&hq%R{B‘Er Qﬁ]s 6‘8832,7 ﬁng:?{g'% f”o‘pr%Hi ch are
phot ogr aphs show n(% t he surface conditions specc!fi ed in Fig. 15 at, around,
and to r&8ap apglerHeT abeph-651and a-sierpdan cberd ofiZe5%hdiLn ddisnegativeangie is
depression with a snooth |left edge 93 and a snooth right edge 97 which

proj ect neededitalgenrsyateaard goesmcthsiaiticalsmalhangle &5 igifdes 14 irbvalyspddnarWak e
cross-sections at 96 and 95 show a flat surface of wake bel ow the | evel of

undi st ur begimel with wastables40¥aC6E, andais G2taduthesy th edbcrifiepr egmes, bt t, and
94 out board of depression 95. There is no evidence in the wake of rays

proj ecti @esiéd neipefdritichPorS9peddriticakegptesas borders of the depressed wake
zone. For this x-regine, it is noted, TH has a deeper draft forward as

outlined withpgaghes gh&% thd &tefd Bap 3Fig. Ry iﬁ%){@&ithﬁF}‘tWé oﬁéfér!‘ngfef . Qfct he

flow field outside the confines of thé wake, as we as 1 nsi e wake, is

eyt denoe ki (28] ) BBHUAHICUTANNE. | SR e ot TR, 1 ¢

bei ng bo%tull ev?/ﬁicﬁnc%rvvgst gerﬁlybt%i tﬂg:'rgg} fn éehc?oH& rc}F ﬂrﬂ}o ﬁ_éjﬁ,v\{h%pe%yer'educing
stern’s draft about 0.1 8; thereby increasing immersed volume contribution of rear of TH-
11, without excessive local stern draft. At corner 83 there is hinged a stern flap 82 of
about 2.1% chord operated from torque tube 86°by a connecting rod between arm 85
and bracket 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 a‘hd 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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5. Roll Control for THwith Stern and Lateral Flaps and Bottom Streaks. 41
Fig. 16 shows trimand control devices for TH of special value for turns of
THin the hypercritical and transplanar nodes. On TH 13, there is w de
stern 100 having at its |ower edge three stern flap segnents hinged at
collinear axis 107. The center flap segnment 103 acts principally to provide
nose-up trimduring a turn, and is therefore raised up by angle 102 in
respect to a projection of flat |ower TH surface 112. The flaps are shown
for right turn. Right flap 101 is raised by angle 104 |arger than 102, to
sink ri geffects de hofll reflavior i3 adsersel seas. fierghe 0sttercaseyandocrogsangiveighte in
opposite direction than angle 104, to raise the left side of TH 113.

Accor di ngbermifsta raardatt CG lbdation; finexamgle!, foz welighttodersin fateofds, thd CG can
experi ences, when yawed to the right under action of conventi onal rudder, a

centripetid n{d%aqaaéwmﬁn@neto to00.Beahl GiYo at nght‘é? VESIgRE-RLIBRgH 1BHb 6 eﬂﬂﬁ hto
the right, under Newton's second | aw. (Rud not shown In Fig. 16.) An

alter nati%?s ,ggpt% tﬁgtt,lagg lbfashei N Fig. 16, conprising a ret ract abl e
1 [

| at er al nged a an axis 109 inclined in profile view to have a

positive angl € of %éﬁ&a'%@éﬁéﬁd s\nl'\énogllq flow on the sides of TH. The

depl oyed posit Ig. 16 causes an added lift on
ri ght side of nd since.the | fIa 1 ins, .retrac
[ g Side o p és'iﬂ%wgea‘ew RGP e s P GeE R B i WiBES RTheR
not i on, ght flap 108 is retracted bylts actuation piston 111 and is
nest ed sn%@@ﬁﬁ?mpr*ﬂu”déb'ﬁégsﬁu&h 21perUbAr pare that eyents re @!‘Hérth%lérﬁaﬁqm'@f Fig.
16 is the cross-sectional curvature used at the lateral |ower corner of the
hul | . Thehydrgheld prefeisesrrdunderstandingspoast antirely explatedealtiqugb tikeahsencei t h
maj or axis vertical and 2:1 ratio used in certain speed reginmes of Fig. 1l4a
t o m ni m akshosidekimighelly ertisjuattesclrdaturesoof THyedidif ecritical anddstbemeficial. shown
at left side with a nearly sharp corner 116, which is best used for
x-regi ne gt fedwatbPsuffade @@ﬁ@nﬁ@h@@pﬁeaﬁtﬂ%efy full understanding, and is therefore
identified as the X-regime, encountered in the higher range of speeds, testimony of
which are photog’rabhs's'howihg the surface conditions specified in Fig. 15 at, around,
and to rear of the stern 91 of TH body 90. The wake has a flat even depression with
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 the level 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 rays projecting to rear of transom 91, except as borders of the depressed wake zone.
For this x-regime, it is noted, TH has a deeper draft forward as outlined with dash-lines
inFig. 15. The pervasive flat surfaces of the flow field outside the confines of the wake,
as well as inside the wake, is evidence of an extraordinary hydrodynamic regime, in

which it is possible to postulate a fully lateral flow component in the wake of V sin ¥ with

V being boat speed and with v being half the planform'’s bow angle.

5j. Roll Control for TH with Stern and Lateral Flaps and Bottom Streaks.
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left lateral flap 114 can be placed at a | ower position on the sides of TH
113, with nore 42 powerful effect. The node of usage of stern flaps of Fig.
16 is described in tabular formbelow in which R represents angles relative
to the rearward projection of hull's undersurface 112 in degrees. 43 Flap
position Left flap Center flap Right flap Subcritical, straight -4 -4 -4
Hypercritical, straight -5 -5 -5 Hypercritical, right turn +2 -7 -10
Transpl anar and supercritical use of stern flaps for right turns is simlar

to hypercritical, The regines of . u of lateral fla f Fig. 16 e in the
supercritical, EM&@FEPW?E‘%HIQ”% Cé’HHofﬁ?eé’ﬁ%eﬁlfﬁﬁié' qféa?ﬂgg‘,’a?% ?q{%ém%’rflgh'ﬂdi nal

| ength that can be optimzed, if desired, for +the preferred speed regine,
for exanpthe hypergiiical arditraaspianargrodes,: @pdiH £ dpsre 'érvwﬁgéta;aﬂﬁﬁrhawng a
Functions. Fig. 17 shows |ateral devices which have various applications, as
fol | ows: s lawer edgekthfegrateindiiap seamenis bingiedfat gplinear abis 100. dhe céetsrdiapd when
operating in adverse waters, for exanple, in presence of wave 122, conpared
to cal m wegrment €02 lact2drindialiyrto tpnede noselupi tans dudngadpar, landde shgrefme TH
will penetrate the swells with mninmal |oss of speed, but there may be sone

wat er froraisdteusBhhgle 10236 Rispecttb@ projectidn biifkit fowre TeRE EHAHer 1129 T‘hlé@flaﬂs
aps

penetration. This situation is mnimzed by right and |eft |ateral

123 for vgﬁgﬂa sHickeh R rightifrey Rig’a\ﬂﬂa,aam & faiset By Gh@BS 0BY g thah 102,86 sk 1 aps
right side of hull 113, and left ﬂép 105 is lowered by angle 108 in opposite direction than
angle 104, to raise the left side of TH 113. Accordingly, TH banks to the right and the
bottom surface of TH experiences, when yawed to the right under action of conventional
rudder, a centripetal force component to the right, which generates a curved path to the
right, under Newton;s séqond Iéw.. (Rudder not shown in Fig. 16.)

An alternaﬁ\)e ttjrhing method is sﬁown in Fig. 16, comprising a retractable lateral
flap 108 hinged at an axis 1 69 inclined in profile view to have a positive angle of attack
o relative to the flow on :the sides of TH. The deployed position of flap 108 shown in
Fig. 16 causes an added liftor; r'ight-side of TH 113, and ‘éin‘ce thé left flap 114 remains
retracted, the right sid_e. of TH is raised, causing a turn to the left. For rectilinear motion,
right flap 108 is retracfed 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 uséd at the lateral lower
corner of the hull. The righf 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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b. Pitch control function. In high speed regines in chopped water or in
swells, or even in calmwater, selective use of lateral flaps can be used

for pitch control; for exanple, deploying the forward lateral flap pair 123
only for pitch up, or the aft lateral flap pair 125 for nose down pitch of
the hull. c. Lateral control function. Only one flap of m dbody flap pair

124 can be wused for roll of the hull wthout pitch effects, or only one
flap of pair 125 can be 44 deployed for roll towards the opposite side,

whi ch woul d qﬁtE%@Vﬁ its flaps depl oyed, and nose down pitch.. d. Heave
control . PRY§ @ Fﬁ speed range, the deploynents of the entire flap set

wi || generate sonme heave, or the deploypent of md body flap pair 124 wl|
generate nidb W@&ﬁ%&pﬁ@éﬁfef@&gﬂﬁ %ﬂE'ﬁl ﬁgﬁ%{]]e%r{%@% 'afakidarsforg bepgw e g

| ateral flaps as malking pat hs: As-an alternative (of |ower cost), and at
sone | ossingrhighPriepresentspngles reative to the reaneard prajestian of hulbs updersbeacged f or
operation in nornmal and adverse seas, and also to serve as paths to have
crew wal k1tdhin dégrees.n the fore and aft direction for inspection of w ndow
seals for forward anchor rmanipul ations forward, etc. 51. Roll Control wth
Vertical Undersurface Fences. Fig. 17 also shows a vertical fence-like
surface 127, which can be adapted to be retractable bottomflap for m ni num
drag in rectilinear notion. Wien rudder 126 is rotated, it will generate a
centrifugal force at the stern, say outward of the paper. This wll yaw the
stern towards the right. As outward notion is devel oped, a | ateral water

fl ow conponent inwards-towards fence 127 is devel oped which raises the
pressure on the right side of fence 127 and therefore rolls TH right side
upwar ds. The conbined action of yaw by the rudder and roll by fence 127
causes the generation of a centripetal
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force on the hull towards the left, causing a left turn path in accordance
to Newon's second |aw. The centripetal force has two parts: one is the

i nward conponent on the bottomof the hull, and the other is the inward
force on the right side of the hull. Conbined they can generate very tight
radius of turn. 5m Unique Size Effect on Efficiency of Full Size TH
Vessel s. My analysis of ny tests, | further discovered a very subtle but
very inportant 45 advantage in estimating the weight-to-drag ratio of a TH
ship applicable to certain_ hydrodynamc regines of TH, as determned in

nmodel testE EB,-?—) vantage i s al U funct il eranedr B ei1rﬁ Efor TH s
hul I, whi g ap PA | h-e—l—-ne-p-eaml%ﬁw se—oefsi zej.‘fgf)z CofHLe 13 | s.
Si nce the| gubgitigahtrhight t h speed-4of . TH i n di spkécenment supescritical,

hyper cri t [cat—amdhydrofretdTegrmes s primgipat Ty of —vr$cous—or+grmand
wave- maki hypereriteabriiral@htdr ag of -Sroment um chang® is nuch | ¢s& significanf
over thepg sSpeed ran conpared,to conventi ¢nal di splacefrepf or planin
hull's in El¥p fQH&@'-iﬁﬂ(}&j“rPaggpr | S Wei ghi-tﬂm?ﬂr ag-r ng o 1 meequi th i
increasing size for various reasons; one inportant reason is that viscous
drag decreases strongly wth Reynolds nunber as size increase, at constant
Froude nunber. For exanple, if drag coefficient wth increasing scale from
nmodel to ship Temsplses dd%upenditidal userofsstepl flaps yor tiglet turhs o eitirag wer e
estimated with the cube of the scale, it would be dimnished by 50% but
the wave- ppkbiagtichnag and the wei ght woul d be calculated with the cube of the
scal e. Moreover, since 'a wetted area increases with the square of the
scale, there - f : ' i T { cal
consequences o?%ﬂ#t%bslme?gaﬂéc%éﬁgﬁtreg I%aggétﬁg.kﬁ%réﬁ%‘@ﬁ)@&? @8?'@ negél"t}i&tri‘?zjde in
nodel tests.is el gk : [ : Al redi from
model 1 eoelo bRt EhalBERlR. o BloHERR IHuEnd! edhle R ReP BRIl o
nodel testts of .a cci)nve',rbtional i spl acenent ﬁ-hiB a} sanme

he preferrea speed regime, for example, as outlined below,

5k.  Lateral Flaps for \Hyd:rodynamiC Functions.

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

a Dry deck function: the lateral flaps on TH 120 are deployed when
operating in adverse wéters, for example, jn presence of wave 122, compared to calm
water level 121. 'Un'der these conditions, a properly designed TH will penetrate the
swells with minimal loss of speed, but there may be some water from the swells
reaching the tqp of the freeboard during the penetraﬁon. 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
tateral 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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speed, size, and weight. 5n, TH Shapes for Sol ving General Problens in
Adverse Seas. Ships and displ acenent boats have been designed in the past
and present with substantial buoyancy reserves, and these are |arger from
about m dbody up to the bow, which reserves are transiently engaged in
adverse seas, to raise the ship's bow when encountering waves. Even

di spl acenent shi ps such as destroyers having a sharp entry 46 at the bow at
wat er pl ane | evel and narrowwat er pl anes are nevertheless flared outwards and
forward above waterplane to provi de buoyancy reserves, as well as permt
open decﬁgpbmemfdobﬁ%‘d%@ﬁége PPoasitrIside swhish yould nehavssits flansederiexed.evel .
Monohul s with vee bottons and pl aning boats al so have substanti al buoyancy
reserves and npbeadiong filgpe surface reserves from m dbody to the bow, for the
sanme purposes. It has al so been the.practice of conventional ships and

boats to pl acedheavijeavecgnimt inshehigh speedrmnge dhe ddplogmeintsdf thaentiredlapThe TH
design departs from and is contrary to, these traditional nonohull

appr oachesef Wil GeABRAS sbrhe Heaps soramsldysibyeat dfenidBENENSEPSIE 834 will ddhesaeer al
i nportant departing TH design features, exenplified in Figs. 18a to 18g.

Fig. 18a ﬁh%@?)ﬁﬁ@é}éhﬂié@éﬁ@déwjﬁﬁ%%l itcgRgbhisof 70 units and max beam aft

of 16 units hows side view contour 132 above static water 134;

d b d filedl I 95: howy: - ' f .
The fol Lowi ng. Sun ofi5e8 HieR i adlding b g A iiarRiRnEIBERVERENARY".
pl anform i ves eve

AEAGHERT M NN N e R
operation in normal and adverse seas, and also to serve as paths to have crew walk on
them in the fore and aft direct'i‘on for inspection of window seals for forward anchor
manipulations forward, etc.

5l. Roll C-on_tréjl"with Verticél Undersurface Fences.

Fig. 17 also show‘s avertical fence-like surface 127, which can be adapted to be
retractable bottom flap for minimum.drag in rectilinear“motion. "When rudder 126 is
rotated, it will genératé a centfifugai force at the stern, say outward of the paper. This
will yaw the stern towards the right. As outwar& motion is developed, a lateral water
flow component inwards towards fence 127 is developed which raises the pressure on
the right side of fence 127 and therefore rolls TH right side upwards. The combined
action of yaw by therrltljdder and roll ‘by fence 127 causes the generation of a centripetal
force on the hull to.wardé,'; the left, causing a left turn path in accordance to Newton's
second law. The centripetal force has two parts: one is the inward component on the
bottom of the hull, and the other is the inward force on the right side of the hull.
Combined they can generate very tight radius of turn. | |

5m. 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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A reduced free-board and profile height above static waterplane in the
forward third of hull as shown in Fig. 18b. A greatly, reduced volune in
forward region of the hull above static waterplane, evident in the
transverse cross-section Figs. 18c to 18f. A traverse cross-sectional shape
di stribution above static waterplane in the forward region of the hull that
has falling shoulders or an inverted vee 47 shape to dissipate vertical

| oads from waves bei ng pierced, as shown in Figs. 18c to 18f. An encl osed
habi tabl e volune in the forward portion of the huyll &55‘0 perm t i ercing of
waves as §AVARage Fpgtimating the, wegght-to-deac safioopf 8 okfd &htn SRBicabieot g®daif aki ng
in water on top of an open forward deck. The specific shapes of TH

successf uhygrodgramit reginepaf Tk as datermineddn owdel fests. ghe advantageiieardigasove,
characterized further in the following: In Fig. 18a, an entry angle

ext endi ngfuretivhef sizd discrofsdsufior Thid lowil, avhitheib oo prasentinthaircrasisd oft size fongl e
138 of approximately 130, over the entire length of the hull Low profile

Wi th verticemlertibpgbealsl f 8inoer theoldraprowtnaiitel ¥pded %6foTHt hre didprgieraf hul |
at 80% station fromstern, as in Firgs 18b and 18d Cross-section of hull

above vat gipdraffcal hyfpdréttrRal, @hdURRIréeld Pediin ? islﬁﬁncr:]ié‘é‘lﬁf &6 vi€kous Vit 8fdU as

in Fig. 18f, wth a snooth I'ow overal | profile wt a maxi num hei ght above

15151 B anFlE RO KA Gbks P G SREIG s e SptRaEE”, L
above cal mevgaetsepre%ldar%%gég’ %o%ia?ehd Foagorlljveen%ﬁgll &gglgc&%eﬁt b Sa%%n%nﬁulls in the
same speed range, TH’s weight-to-drag ratio improves with increasing size for various
reasons; one important reason is that viscous drag decreases strongly with Reynolds
number as size incréase, at constant Froude nurhber. For example, if drag coefficient
with increasing scaie ffom model ;[O ship decreases 50%, and if, for simplicity, the
viscous drag were estimétéd with the cube of the scale, it'would be diminished by 50%,
but the wave-making drag and the weight would be calculated with the cube of the
scale. Moreover, sinCé;é wetted ‘area increases with the square of the scale, there
would be a further‘reducﬁon of viscous drag. The practical consequences of TH’s
reduction of wave—makihg‘drag in displacement mode in model tests is that the weight
to beam ratio of a TH'shvip predicted frdm model tesfs can be eétimated to be 20% or
more than that predicted from model tests of a conventional displacement ship at same
speed, size, and weighf. |
5n.  TH Shapes for Solving General Problems in Adverse Seas.
Ships and displacement boats have been designed in the past and present with
substantial buoyancy reserves, and these are Iargerfrorﬁ 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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condition, for exanple, during a transient diving encounter into a |arge
wave, such as wave 131 in Fig. 18b. This additional volune should be
related to the water volunme displaced by the weight of the ship in calm
wat er. Successful tests of TH have been made with volunme ratios in the
order of 13%for the additional volune between 80% station and bowin Fig
18b, and on the order of 32%for the additional volunme between station 57%
and station 80% with a hull's center of gravity at approximtely 40% 48
station. These ratios were obtained by graphic estinmates which are
necessar i Bithebayiat waterplgnelevel andnaisew watar @*ﬁﬂﬁ%GrWV@SHﬁ@ﬁéﬂarﬁd@UMaFds

cal cul ations with software having-wave sinulation, although the |atter
criteria asdifore@nphboe brataqpkaeetth@r@réqemuquncafresemes,faﬁrwau ds permiopanof
wat er pl ane. These ratios result i-n m ni mum heave and pitch disturbances.
Ref er r i ngdbeigs foovardeprdtéciddl frpmmeadverse seat lpyr fehcéeabovd-deck B8el.it i s very
inportant and critical to clarify that the dynam c | oading at high speeds

of the hull, fRlonexaihith veedettomaeintPharihg vexte alstlhavesulsuisitdebadyancymal | er
t han conventl onal very slender boats, such as that shown in Sea rse

publicati %be‘?\fes“&’(c?é%?rrnglﬁ@é erf%eWB?er(rQélf Suc{day;fs?)“ﬁl c@@ for ¢fe shped, TH

has near-zero or angle of attac 13 and 14,
and there % ége change of vertical nomentumof TH is nuch srral | er than
with very"s p en hul | s having dynanmic |ift assist ‘and which at speed tend

to ride noseh hvvrth rtiqn of the | nd vol unme
exposed to %98?"3&% W%‘stﬁﬁgn"%ﬁwﬁré}“&?ﬁ ad‘@n%?%? ?‘?18 aerRPaAVYr ge
| oads. Furt her m)re t he planview of TH is much sharper for a given hull
beam be6amgenehtsiamigrshing i@ mduseichiperidam at stern, rather than with
| enticular sides with nmax beam near mdship,as is shown in other U S
patents. Thus, TherTt @swehdepaﬁa frem, andeisvenirasy 66, these draditionsd enonahudf TH
is less in forward region.
approaches in respect to shapes and volumes for adverse seas, with several important
departing TH design features, exemplified in Figs. 18a to 18g.
Fig. 18a shows planview 130 of TH with a length of 70 units and max beam aft
of 16 units. Fig. 18b shows side view contour 132 above static water 134; and
submerged profile line 136. Figs. 18cto 18g show cross-sections of TH. The following
unique features are noted:

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

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

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

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

the forward region of the hull that has falling shoulders or an inverted vee
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Cross-section forward has an inverted vee shape to prevent extrenely high

| ocal | oads under dynam c water inpact when piercing a wave or from waves
breaki ng on top of the hull such as would be in the case if, instead of
having an inverted vee, there would be an inverted cup. Wth TH geonetric
properties, it becones especially advantageous to distribute the heavy
conponents of the ship to nmaxim ze the |ongitudi nal nonent of inertia, i.e.,
49 that about a transverse axis through the center of gravity at 40%
station in Fig. 18b, and an alternative one through the, |longitudinal center
of flotation at 3306RAPSSOAIsiPRteYeRiG! l0ag8 oM} aYES BRIPE piRJRed RS $ANTER
criteria is inconplete because of he asymetry of the fore and aft areas of
wat er pl ane. Pl aci ngFigswdptatdf, heavy weapons, fuel tanks, and other heavy
areas adj acent bow and stern are inportant. The nodel tests have shown very
favorabl e resutts wAnlenaosaddhabiablevetuoie intke fasward podionwd thghbulblogiegmééd near
the hull's ends. This nay necessitate, in certain cases, the unusual

power pl ant di stri bupieaing shewaved as Bhgwn kPFigho18d/Mi it iktead obosaventiohal TH.
Fig. 19a shows in side V|em1a TH 150 having a forwardly | ocated engi ne 152

driving a mdbody pasfighd Rikinkpih WHtbl &M tdg6fuDbpeh RPRMRNGéANal shaft, both
protected by vertical fin 156 which can al so provide good tracking and

centripetal fofrfggpd am%’ﬂj@s of’?‘hl %@eés‘?@\h/téét@dﬁﬂ Me"rsé)iec?sedcré SR I Fgggc'al

engl nes, onIy one O I'S shown as engl ne rives a vert

shaf t 158(}#4"99@\/\/%8 a%ldg éf%'?gctgﬂz‘%d’ﬂ%ref Pn?tﬁetfgllog\ahye propel | er 168 nount ed

on the ru or separate an ead O e ru The power pl ant system

i t her ef t 5 3
atat o0 ot ext el M SHAY R faFrdihe shbs Rl Bl on

inertia of the hull The upper part 161 of hull 150 is simlar to that of
Fig. 18 in the forvx)é(ﬁt?rlhlaﬂﬁ attgﬁ@l gngle 138 of approximately 13°, over the entire length
: ofthe hull -

- Low profilé With vertical freeboard forward of approximately 4.2% of the
length of hull at 80% station from stern, as' in Figs 18b and 18d
- Cross-section of hull above waterplane with inverted vee as in Figs 18d
and e; or inverted U as in Fig. 18f, with a smooth low overall profile with
a maximum height abbve 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 watérplane 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 ratioé 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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aft half there is an open deck having two additional features which conbine
uniquely wth the broad stern beam one is a helicopter |anding pad 164
above deck. Another is a stern garage 170 in Fig. 19b for |aunching and
retrieving an auxiliary powerboat 172, while the TH ship is' in notion.
Fig. 19b also shows howto fit right engine 156 and tank 151 on right side
of garage with left engine 174 with left tank 176 on |l eft of garage, and
stairmay 178 out of garage. Al of which is uniquely possible by max beam at
racteristics of TH Returnlng to

, | d bs bl e,
B o s, PAIGH: ddeer rict e AN ER bY AP GRS bl i dsgerell o T

above wat erpI ane 134. Specifically, the envel e of the hull fol]lows a
faceted dn naleFe.angrcandye refingd bylcgﬁmﬁer@edm |°nﬁé*ot'bw rel@vingg¥avesi de
of the hull, having flat panels shown in the cross-sectional views 18c to

18g, conprsirsillaton, althqughethe latter critada iis intomplets duacanse ttae tasgmmeter pf tee,
flat panel 139 inclined at about 90 to the waterplane and top flat panel
140. Thus fodvarécdft prda ofrwatbterptarehe These rpties sl ionininimuhr deaparaekspitch38

| eft and 138 right, both inclined at 45, and flat panel 140, approxinately
hor i zont aldistifbamcés obl i que side view from above on right, there are only
three significant panels: 138 right, 139, and 140. Fromthe front view, by

its nature, th?(efé_ﬁnélbég@o!h% mu@aﬁfdfm%tr@adr&mm Figors,if1§ ve§ampottantand
detectability is limte four ' dispersing oblique surfacés: 141 and 142

Genter of SR e G PERN ARl gt o kBt pf e for BYAFRE, Braetd |
St o, ancetioof Gt 1% s sl e bREHob Aol Vet sfEngdl bhets g o "
St abi 11 21 At SOVt e CRrrRHIBR T O HoRs BRI S bar té%%lqw%%%%‘pﬁs:
di spl acenent node, as .
. At high speed, TH has near-zero or a very small angle of attack such as
in Figs. 13 aﬁd 14, and therefore the change of vertical momentum of TH is much
smaller than with very s'lende'r hulls having dynamic lift assist andﬂ which at speed tend
to ride nose high wvith:a Iérge'portion of the hull's dry area and volume exposed to
wave's impact an’d therefpre‘c'apable of generating very large Idads.
. Furthermore, the planview of TH is much shérper 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’, .'as‘ isl shown in other U.S. patents. Thus, for a given profile,
the volume of buoy'énycy :r.e\serves of TH is less in forward region.
. Cross-section forward has an inverted vee shape to prevent extremely
high local loads qnder dynamic water impact when piercing a wave or from waves
breaking on top of the hull éuch 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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al ready nentioned for other figures and which is a radically |arger
nunber t han possi ble for conventional displacenent ships, and is uniquely
feasible with, and advantageous for, TH 1In the transplanar node, this
margin i s 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, nodern construction 51 nethods using conposite, or stanped
netal sheet and/or welded plates can be used for TH also wood can be

uti | i zed. thabakewa trangverse axs Beudibe cedler plalakibsat 402h siatianinhigntihead,
taking advantage of its unique sinplicity of shape, especially with the use
of pref abah alierdtive onpdbioughdhe iangjtudinal ernter ¢f findafiasy at tof station, inid.ch can
be used in flat elenents, and/orwith gentle single curvature panels, to

obt ai n hyd8adndaniatthbligh theolatthr stitefiademcompiaie habale ehbe Appiineityi afithe

08/ 814,417 al so specified Figs. 20a, 20b, 21, 22, 23, 24, 25, 26 and 27,

Wi t hout chaeafd Etarent obeameesibhal PRIsRY R\erphdt, Meaoy weaponstfusiahnks, and
corrections). Fig. 20a shows an isometric bottomview of TH conprising flat

rectangul thek ﬁ%?\?)ﬁér_eﬁ 59@3;3@&@% e aféqua%hahﬂgr@l meaw 188 Haoefshb@pggl ar

pl anform a triangu bottom 205, wth centerline 202; and a f

stern 1 ool 90 208anl S R AREas Wich 25 URKIShe i HRANRIPLolibhEs nag: BT eved

earlier, e- maki'ng conventi ona have
[ tt d Vi .d .. Fig. 20b sh TH refi 2.t h

Srole coRtls BEts o RaTNdrceR g atE diEE Hin Gaskn, Skl HTp iR R ton

additional tri ang_ul ar flat panels at the undersurfaces of the hull,

modi fi ed BEOMAVEFS- A8 with flat trapezoidal sides 221 and 223 convergi ng

at bow 224. The undersurface conprises three triangular flats 229 at left,
225 at middle §pth Weighidistribution of TH.

Fig. 19a shows in side view a TH 150 having a forwardly loﬁated engine 152
driving a midbody propeller 154 driyen through a conventional shaft, both protected by
vertical fin 156 w.hicih cé‘nl 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 fhe rudder. The power plant
system can comprise jtheréforg three engines. Fueltanks 151 and 153 are also located
at extremes of the'hvull; "sb ‘fhat‘\ heévy components maximize pitch iﬁertia 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: oné is a helicopter landing pad 164 above deck. Another
is a stern garage 170 in Fig. 18b for launching and retrieving an auxiliary powerboat
172, while the TH ship is“iﬁ 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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line 222, and 227 at right. The triangles termnate in flat stern region
226. Figure 21 shows a pure triangle surface devel opnent of THin which its
sides and undersurfaces of the hull are defined by triangular flat surface
el ements 231, 232, 233, 234, 235, and 236 converging at bow 237 and
termnating at stern region 238. Figure 22 shows a shape devel oped from
Figure 21, but nore refined to further reduce viscous drag. Its

under surface and side surfaces conprise main 52 quasi-triangul ar surfaces

241, 243, 245 and 247, bet me of ich there ar trapezoi dal or

tri angul ar fai®fng §t€?|t’B§n§ 9W égaergﬁlale\gﬂ'@ragp[lst&gs (\’%hﬁ'éh bl end in bow 248,
now extending at an angle 250 to the vertical to reduce the rate of vol une
engagenent peRetyrring & Fig. 48, brow dasariberthe stegithranti-radar sitacearpangenmnt 244,
245 and 246 extend rearwardly towards a flat transom 249 of little depth,
shown ver of Talabove watenplarieat34. ySpécifichilanihegenvetapeupidbe hdidhiiows daestad| acent
to the transomis now at an angle 240 to the forward deck surface, defining

a rearwar gritetid-of lova rgidravigriatuie, meufdhoinreliewsorl ehes Hg fitesids of BLhull travigSiat of
construction, in Figure 22 elenments 242-246, and even 244, could be

rectangl eﬁaﬁéls \éﬂanhi'ngt'heaé’rBQ%eétﬂiria@ vieWse1 ¢ ltd\q'sgabomhamgeﬂaiqodr@wn3908t of
fabrication. Figure 23 shows a variation of TH, I'n when there are

t I I
Fures, “or "SR] SEPRORSAR’ R, yeleRhahg oﬁﬁf}%a‘?fe* 3?%&'?‘%@%@%@@?‘?3@?1 eri ng
t
for a gi v¥A erwéb?ééiﬁgrs@re[@f BT anHE dlecty 37 2 ”%?ffe;hwh%ﬁ”%rﬁ?ﬁﬁpi
i spl acentiiee ANel o Fore el nl Ay éﬁﬁ&oﬁh lrgilﬁsﬁ' 4 45 cont T R
arrangenent for a given naxi mum beam Specifically, in Fi gure 23 t he main
conponent a@wrom@tﬁmmné@ntpf iFgeR an ehlinye s@e.vmm@rab@aapn@ght gheje areonly

ext endi ng between bow 251 and the triangle's base station
three significant panels: 138 right, 139, and 140. From the front view, by its nature, the

TH shape is extremely steal_thy. From the rear, it's detecta‘bility is limited to four
dispersing oblique suffaé’és: 141 and 142 on the right, and corresponding pair on the
left, without numerals.

5. Ceﬁter of Gravity and Waterplane Centroid of TH

Other i“mpdrtan:t details fn Fig. 18 is the center of gravity 145 CG location at 40%
of hull length from“‘stern, and the longitudinal center of fiotation 143 LCF at 33% of
length from stern, really a waterblane centroid, providing thereby a dynamic stabilizing
arm between CG and LCF of 40%-33% = 7% of boat length in displacement mode, as
already mentioned for other figures and which is a radically larger number‘than possible
for conventional displaééhent ships, and is uniquely feasible with, and advantageous
for, TH. Inthe transplanal; 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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252 in the manner shown in previous figures. But, in Figure 23 the hull is
now extended aft with 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 along 255, the
subnerged undersurface remains flat with main triangular surface conponents
256 and 257, and flat near triangular surface conponents 258 and 259,
extending to transom 260. 53 A special feature for TH shown in Figure 23 is

tne nurt . Mo FRia SmBTyFE T s PRl pind Shelucieq Mater ot B e ong.
surfaces Eﬂ%q—kﬁnna? 259, thereb twiégqgreasi ng the hull's effective beam at

transom 2 Sf?o\ﬁ?o‘ii ﬁ@?ggs ts geonetric trailerable beamfor the case
an anhedral angle

of wvertical wng lets, If these w nglets are inclined.b

as on the |eftHSWE¥er ofH F‘F%Ihp’@ ?@?'gﬂggy O&a{ﬂwbﬁﬁﬁ’qnhbd'cﬁg?xa‘?em?gls' AFEPSf oi | s
supporting part of the weight otherw se supported by hull extension 255,
and they 8dyanidgs okis upiquersianplicitt ploshare, espegialy. with the usetabprefabticatad Fi gur e
20 to 23 the subnerged undersurface have been flat or nearlyflat, guided by
surface etemposite shedts yoarowypigwoed ansheed metalswhishicag terusadgaliflat elemeatsyr es,
with decreasing draft and increasing beamas the water noves towards the

rear, set hndvgrwaith gentlessihge guavaturapanela)to bpthirdstdrbdynagmieakysrogthadifecds. f or
the flow which remains active in hydrodynam c condition. The devel opnent of

shapes using fbaginaHPARGEASHIEREDE 08B 14T Jpleifictirtig o 20aCcomh, 2 128l A%l ps
illustrate design features. ‘Penalties are snmall by reason of unique

cooper at i ?E‘ RELRSRR 2t7f‘€x‘/itﬁblﬁ‘ﬂ%h‘°an§§?§ér’?{%g9§eqtu'éﬁtiﬂﬁu?r'iérﬁ%téfﬂem@%i‘ H?atrﬁrhﬁﬂcél'se of

flat andlor single clurvature e to attain a reasonably”snooth doubl e
wedge TH w FLg. 28A shows a nultihull using two parallel TH hulls 301
hnd 503 whpRctiopsf

F ig. 20a shows an isometric bottom view of TH cbmpfising flat rectangular lateral
sides 200 and 203, converging at bow 204 in triangular planform; a flat triangular
bottom 205, with centerline 202; and a flat stern region 206. This shape, with a wetted
triangular profile, as reviewed earlier, transcends wave-making drag of conventional
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 triangular flat 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 227 at right. The triangles terminate in flat stern region 226.

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

Figure 22 shows a shape developed from Figure 21, but more refined to further

reduce viscous drag. Its undersurface and side surfaces comprise main
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supercritical speeds and above have no wake interference in the vicinity of
the vessel, as can be seen by inboard ray patterns 309 and 311. Qutboard
rays are 313 and 315. The hulls are driven by propellers 305 and 307.
Hence, the hydrodynam c TH benefits are retained in full. Fig. 28B shows a
radically different nultihull approach exenplified with TH hulls, but
applicable to other hulls. Specifically, right and left hulls 310 and 312
have their 54 |ongitudinal axis of synnetry outmardly oriented in a toe out
angle in respect eneral axis _of symme consequence, outboard
rays 320 9%%5'3@@9#@‘%”"8@9%&%%@&35??@ a@ﬁdzdtfr’ 5‘%?%69mwfmh'paé&er@érﬁed
side surface, but inboard rays 324 and 326 tend to interfere tending to

rai se wat #Rpezajeal ostirngulay faiEng stripsrades 844 ape 248, akbet whichdlendiedow 348.s may
be recovered by favorable interference at the rear end of hulls 310 and

312. Howenew extendingatwintardle 350 ta the veaBal to redusepipedats aftvolsne engageshentat i ng
propul si ve neans 330 shown as a battery of five water jets between the hulls

whi ch  wheer apieatimenas furestioviest draftt aSurfaoesr2ng, @43 @44, 45 ramgs2482 dxtend 326,
reducing their tendency to increase water |evel, r educi ng their drag

contri but ifiwarfdtttidigs R daRsomt 4T of itNetESH, S%Wﬁ(@@&lcaﬂaﬁﬂy'fﬁcélﬁﬁ@" d¥9
efficiency of thrust generation in that in addi tion no bound ary layer from

332, i g, ARG TR pPAckiSike FB g%“"?ﬁ“ﬁf?ff%&%t”%@a“ PIEETRe"a) so
ld b ul h

;fzpug;oa;o@vgrf@%k:é;ﬂ%f dgﬁw@;&% o BE Rkl f%édé?\fxﬁacg% et

Phrust . Fof T hal 258 ShaPDFRUACE: I TIGU B Facr T 2P G HeB Ml EATB Rt orf es

of outboard mari ne_engi nes. The nunerical values of the de5|gn crlterla

ment i oned r%@@@egp@vqrémgggm% atio, the principal gain being lower cost of fabrication.

Flgu,r.e 23 shows-a variation of TH, in which, when there are practical restrictions
to hull length and/br. hﬁll be".ar\n" (such as design rules,"or available dock length for
docking, or m‘aximUm béahﬁ for trailering purposes, all of which may impact on water
length and/or righting moments for a given displacement). It may be necessary to
modify the TH archetype of Figure 19. For example, qul shape shown in Figure 20 :
meets greater dispiécerh'ent foré giVeh maximum beam‘With a quified quasi-triangular
arrangement for a.giv'én:rhaximum 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 triahgle'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 léngth 255, exfending between triangle's base station 252 and
stern region 253. Note that although the extension is quasi rectangular in planform at
deck level along 255, the submerged undersurface remains flat with main triangular
surface components 256 and 257, and flat near triangular surface components 258 and

259, extending to transom 260.
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for the hull

characteristics reviewed, and may be adjusted for specific TH

hul | shapes wth full size weights, corresponding thrust |ine positions,

and ot her

clainms. The specifications and drawi ngs pertain to hydrodynam cs and TH
shapes and does not cover structural details of nmechani sns, and because

design features wthin the spirit of the invention and its

nodel tests are not sufficient for determning stability of full size

manned TH

of unknown wei ght, or other 55 safety related matter, these

matters shoul d be investi %}t eg_ and det erm ned s?l ely b | i censed
o he e ety

manuf act ur er s, AWREGR Jeaty

Heshawapipdgweia%is

be made on the drawi ngs and specifications wthout departing from the
t eachi ngs visglets/26 tanil 262t tbpdpatand of e hulidaexbact esergy Araus the fanalike
hul | having a bow, ~a stern, a longitudinal |ength therebetween,

transoni c

si de sur fabeaserged fowlfield alonysustaicds B68and258therabyl incoeasingthedfull's iffective |

adj acent of said stern, a |lower surface extending between said side

surfaces, puanflattF@EeN260, WitHouh mereupingitsgdumettie trailetabiebadrh forathe case of
approximately triangul ar shape in planview wi th apex

Srtiealar anhedrairtes

can

adj acent said bow and

a base adj\a¢fH whiyistsSifehdse RiGIcdd aRPREIMETHL £ AnHddrandigiass of iePRftislesi de

vi ew when
stern, sai

during sal

in nmotion with a base adjacent said bow and an apex adj acent

tion 1n

sai d

dt ﬁ%ﬂe b tna%{cggteﬁeyn taERSS PEArZRRrmild eam@ﬁgfpsg{ ijﬂh%a\ﬁ%@h{g egi me

supercritical’ reglnme Speed to ngt h

and sabd TOREMIED aeR e BL ARl ReterRlf 285 o Fel ST SIS RLE TR Hindiohel 3

bow and said stern. 2. The structure of claim1l further characterized in

that the HRPA8Uynanic regine during said notion includes a hypercritical
regime with speed-to-length ratio greater

It is noted thatf'in Figure 20 to 23 the submerged u‘nder'surface have been flat or
nearly flat, guided by surface elements and hydrodynamic waterplanes having triangular
features, with decfeasihb draft ‘an‘d increasing beam as the water moves towards the
rear, setting a favorable gravitational hydrostatic pressure gradient for the flow which
remains active in hydrodynamic condition.

The deVeIopmént qf shapes‘usiAng flat surface cofhpoheﬁts reduces fabrication
costs and helps iII‘u;str‘a‘tey 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 rhultihull 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 aradically 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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than approximately two. 3. The structure of claim2 further characterized in
that the hydrodynam c regine during said notion include a transpl annar
regine with a speed-to-length ratio greater than approxinmately three. 4.
The transonic hull of claim1 further characterized in that said | ower
surface in side view has a principal length extending froma first station
adj acent said bowto a second station upstreamof said stern, and a
triminduci ng segnent |length extending fromsaid second station rearwardly
towards the bottomof said stern, with said segnent |ength having a | ocal
beam appr 09 BR| axigRfl sYyMgtry O4Rvad|vaersitted & g‘ 1OReP W, aNQJe ik resReCt &ndr
surface on said triminducing segnent | ength being inclined upwardly and to
the rear @enemi axisr pheympaetivendsha I9pnseaiaiice, pothoerd saymGre, arwhdRatave
downwardly force adjacent said stern tends to raise the bow of said hull
when i n moimioished sizeremddrpg effect; withlesamettted sive=uaiacer b tymbrazdy regrsid24ramgi nes.
5. The transonic hull of claim4 in which said small angle is approxi mately

5 degr eeg26tendiodnterfersendingtolrdiseivatdraeval andeageand trveeass ighdarti avdtiedgt h
ratio is within a range having an upper value of approximately 100 and a

| over val 4garfaéePIHIO KidiBdLleonéted bYifAVbraisie thtwEk Btice ia$ tHRXRRPESE B hullst3ps and
said length is expressed as a quantity in feet divided by 100, quantity

rai sed to Ta}wBes{d?i b rtheWwﬁ@uE"lﬁ lfig.]ag?B%Ce bped itk \ﬁ%ﬂ%} ]aclbé'leminﬁh a

trailing ap I's provided at t otto sald stern wth an overa

oLt S g A9 T PSS % SR o Bl DErdh 900 e B RN,
2”} ! rs? ' a-,ly-\g]ee@t&?enrgﬁgrima rOtover (c):]:artgilnaén@rg?y &onteht &) rays 284 iééGr,]geédc?rPg et
tendency to increase water ievel, reducing their drag contribution, reducing inboard
lateral Wetted surfaces; ar”ldAinc,reas’ing efficiency of thrust generation in that in addition
no boundary layer from“ hulls falls into the powerplant. The clean accelerative flow
appears as 332.
Fig. 28C is a trimaran with three TH hulls 340, 342, and 344, but also could be
conventional hulls with no toe out, since fbr either case; the two propulsion batteries
346 and 348, each of the type in Fig. 28B, which provide unique interactive benefits of
decreasing drag and increaéing thrust. For smaller mdltihulls, the power groups can be
made With batferies of outboard marine engines. |
The numerical valqes bf the design criteria mentioned abéve are representative
for the hull characterfsticé reviewed, and may be adjusted for specific TH hull shapes
with full size weights, corresponding thrust line positions, and other design features
within the spirit of the invention and its claims.
The specifications and drawings pertain to hydrodynamics and TH shapes and

does not cover structural details of mechanisms, and because model! tests are not

sufficient for determining stability of full size manned TH of unknown weight, or other
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approximately parallel to said | ower surface in said supercritical regine,
is reset at second angle inclined upward with respect to said first angle
when in said hypercritical reginme, and reset at a third angle inclined
upward with respect to said second angle in said transplannar regine. 9.
The transonic hull of claiml in which said hull when floating in water

wi thout notion has a waterplane area wwth a center of gravity |ocated at
approximately 40% of the length of said waterplane neasured from said
stern, and a centroid of waterplane area |ocated at approximately 33% of
the | engt Fafaty selatediaalien there matasshoy!d be investigaied ad detaminauheolelvans oni ¢
hull of claim4, in which a trailing flap is provided on a | ower edge of
sai d t r andieansgsimiagutasturers, avhio have tgﬂgp@ refeonsikititydosoeamitiersy a smal |
amount in respect to said triminducing segnment length in said
supercritical <imadesaanbémadeseithe drawirgsaptspeicifieatbns withialt Heparting frahd
segnent in said hypercritical reginme, and is reset to be inclined at a
smal | negahé Yeachirgseay €dvaréd th the ciding of @gniBlentigh.sai d transpl annar regi ne.
11. The transonic hull of claim1 being characterized in having a shall ow
stern draft in static conditions, and having propul sive neans capabl e of
inparting a first propulsive force to generate forward notion to said hull
to thereby develop in dynam c condition a supercritical hydrofield regine
with a supercritical speed in which, by virtue of said supercritical speed,
the draft at said stern relative to the supercritical dynamc water |evel
bel ow said stern is substantially elimnated; with the deep draft of said
bow, relative to its adjacent supercritical dynamc water |evel, being
approximately the same as said deep draft in said static condition; wth
the hull's supercritical dynam c waterplane remaining with an approxi mately
triangul ar shape; with the wetted side surface area and | ower wetted surface
area in said
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supercritical regime remaining approximately the sanme as in said static
condition; 58 with substantial portion of said | ower surface retaining
approximately the same negative angle with respect to the supercritical
dynamic water level as in said static condition; and with said principal
portion of said |ower surface .in said dynam c condition experiencing a
substantial upward pressure force having a forwardly oriented force
conmponent whi ch pushes said hull forward cooperating with said propul sive
means in inparting said forward notion in said supercritical regine

resul tiClgAIMSa first |level of hydrodynanic efficiency. 12. The transonic
hull of claim 1l further characterized in that said propul sive neans inpart

a second prQpghfsofic han Havingdhebwt RagtesfiIohgitedinar RABLE th@eb&iveRn! adbhereby

devel of ORon g OB LA ElJﬁXdéfoéélﬁllﬂjlrS o
e o ey hlw%ﬁﬁ

draft d the
wett ed aarSHQmSTQthéo é'l“t?e"\% F'W& R'Jar é ? %r\nd?ra%vé?"éﬂ ‘N |aPSé| ng
subst aradiageny sagbb@waan@matbas% addﬁqeﬁbtsaidnst@an,dan@ gﬁea@prqu@uelyr H@r}w arwi t h

t he huldhape dy sidaiviewattenphametiematih 4 hascaadjaegnieaist bow @ald aregpercadjaeriitni ng
subst ardaichbteyn,tdai] Ralrbeingi farthel aharabiepieediin that$he dhydrguynamid regiherdeginge;

Wth t r!zjéuc’:shﬁ?d"tmmdirn@l‘utieOé slubércln@iwr re@urhé agieh iah sp@dd tdERItR I MatibCaileated Hham

r emai Ni fghroFHBRdRBhe Al sHi P?e%sé&‘yﬁf?ﬁ&s% B%afd Iehpﬁgbeuhgggé@%uéﬁ’et h the

R e e e e

regl e’ r ermai ni ng negative but
substantially reduced relative to' said negative angle in said

supercritical conditions; with the forwardly pressure conponent on said
bot t om 2ur f dhe $riatigre of claim 1 further characterized in that the hydrodynamic regime

during said motion includes a hypercritical regime with speed-to-length ratio greater
than approximately two.

3.  The structure of claim 2 further characterized in that the hydrodynamic regime
during said motion include a transplannar regime with a speed-to-length ratio greater
than approximately three.

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 a beam adjacent said stern,
with the lower surface on said trim inducing segment length being inclined upwardly
and to the rear of said principal length by a small negative angle, whereby a
downwardly force adjacent said stern tends to raise the bow of said hull when in motion
in the hypercritical and transplannar hydrodynamic regimes.

5. The transonic hull of claim 4 in which said small angle is approximately 5
degrees.

6. The transonic hull of claim 1 wherein the weight-to-length ratio is within a range
having an upper value of approximately 100 and a lower value of approximately 50,
with said weight is expressed in tons and said length is expressed as a quantity in feet
divided by 100, quantity raised to the third power.
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substantially reduced; and with the conbined effects of the above specified
conditions yielding an efficient hypercritical regine faster than said
supercritical reginme. 13. The transonic hull of claim12 further
characterized in that said propul sive neans inpart a third propul sive force
hi gher than said second propul sive force to thereby develop in dynamc
conditions a transplannar hydrofield regine with a transplannar speed
faster than said hypercritical speed; with the draft of said hull adjacent
sai d bow being approximately elimnated and wth a |ower portion of said
bow bei ng rai sed above the dynam c water level in said transplannar regine;
59 wi t 7.t he Thel trarsodionfauti of Grirripinankiche ngiling flages provided dt theabstpbrarofar
regi me dafy skfn AAEY QX GRIrgll tiRRAKEPNAAD DRaRE apEtokittataly Qs thothe Béggof W th
subst ant} aklayn aﬁMrHTﬁé;B 'chofd QBbrogﬁHatleﬁf égﬁl}%%o% Bihééiﬂ 6% t’tﬁﬁr%?'léh&hgﬁ

a a fourt bow,

| ocat e ﬁﬂ‘@fem sald stern, an u shorter side adj acent sal

with tmg ‘n draft of said rear portion of said |ower surface in said
transpl annar regime renai ni ng substantially the same as in said
hypercritical reginme; with the wetted forward portion of said side surface
in sai B.t raridel wARSONIG dyllref clBign gin udniche saidi trailing flapcs 368 atap dirst angle

hy per crapproxiinatele ganallel viot $ait Heweetsuefdcarieasaid supercritivar regiméaie reset s#i d
hul I i reegandl ahglanadined wwaréwiﬂfresﬁeétng saRffircednglelvidnimn daid hipgdrcriticasai d

hyper Crehinté@land&@seeat aMHify 5@em ﬁd%wﬁf@itﬁ Bt t6Qhid! seeoRd aﬁgileFin' ower
surfaceSa ﬂaﬁiébqa qrpq,gbﬁ:h water level in sald transplannar reginme being a
smal | positrve angl e; WTh the pressure conponent on said wetted | ower

surface being rearwardly oriented; and

9. The transonic hull of claim 1 in which said hull when floating in water without
motion has a waterplane area with a center of gravity located at approximately 40% of
the length of said waterplane measured from said stern, and a centroid of waterplane
area located at approximately 33% of the length of said waterplane, measured from
said stern.

10.  The transonic hull of claim 4, in which a trailing flap is provided on a lower edge
of said transom and is set at a first angle inclined downwardly by a small amount in
respect to said trim-inducing segment length in said supercritical speed, and is reset to
be approximately parallel to said segment in said hypercritical regime, and is reset to be
inclined at a small negative angle relative to said segment in said transplannar regime.

11.  The transonic hull of claim 1 being characterized in having a shallow stern draft
in static conditions, and having propulsive means capable of imparting a first propulsive
force to generate forward motion to said hull to thereby develop in dynamic condition a
supercritical hydrofield regime with a supercritical speed in which, by virtue of said
supercritical speed, the draft at said stern relative to the supercritical dynamic water
level below said stern is substantially eliminated;

with the deep draft of said bow, relative to its adjacent supercritical dynamic
water level, being approximately the same as said deep draft in said static condition;

with the hull's supercritical dynamic waterplane remaining with an approximately
triangular shape;

with the wetted side surface area and lower wetted surface area in said
supercritical regime remaining approximately the same as in said static condition;
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with the conbined effects specified above yielding an efficient transpl annar
regi me faster than said hypercritical regine. 14. A transonic hull having a
subnerged portion with a bow, a stern, and a | ength therebetween, said
subrerged portion being characterized in having: an approximately triangul ar
wat er pl ane at water |level with an apex adjacent said bow and a base

adj acent said stern; an approximately triangular profile inside view when in
notion with apex adjacent said stern and a deep draft adjacent said bow,

wi th side surfaces extendi ng between said bow and said stern; with a
downwar dl y fwith sgbstamtisd gortiawiofigaid Ipwter ssudfake fretainingrappladmbtaty ithe: damal

sur f acenegfaiv@rainglevniith td3pett trasies sagéradied] dynachic water fvel bbdh rsaitp static

adj acenfongition: BAW, said surface el enents connecting said side surface, and
with said surface el enents bei ng inclined relative to each other in

at hwar shi p SS-S .

| ongi t udi naﬁN'&h Sﬁlf li"@ﬁ@ﬁ? §%5%(§ nsﬁél lﬁ@??ﬁ%ﬁfﬁgf g‘ih% nghl(g g)éllp n
sur f ac<EXPEERRGIRG @ sHbgiaptial an‘@P Fssute, fofeq Vw §§ ¥e‘2ﬂq 8%y free
of 90 wswanent avhich pushasdsaid tilseruanduroonseating witht said PEeRIISIVE dReansdni n

t hat sanqbasmrcgesaldrﬁoawam mat@ndlnawéwe@:rldcdumﬁngerdsqdbng iiora ffstdavel aful | in
an apprigpdroaramic efficiancg) pl ane. 15. The transonic hull of claim 14 further
characterized in having a third central triangular |ongitudinal surface

el ement with base adjacent said stern, said third el ement being |ocat ed

bet ween, ai d I
furthort f'r tg%“ cf]&hlﬁlF{; EO ﬁgb&he#&%g&gnf&aﬁ%@tlgauﬂ rbgl%wg n"i‘éalﬂs
i ncliné Rﬁ?‘t '?OPH|S§V§| §a| F”T tHYGPUISHYE; ror%%i_‘tt?e
deve op |n dynamlc conditions a percr|t|cal hydrofield regime with a ypercrltlcal
speed faster than said supercritical speed and in which the draft of said hull in said
hypercritical regime adjacent said bow, and the wetted area of the side surfaces of a
forward portion of said hull being substantially reduced relative to that in said
supercritical regime;

S are

with the hull's dynamic waterplane shape in said hypercritical regime remaining
substantially the same triangular shape as in said supercritical regime;

with the stern draft of the lower surface in said hypercritical regime remaining
substantially unchanged as in said supercritical regime;

with the angle between said substantial portion of said lower surface and said
dynamic waterplane. in .said hypercritical regime remaining negative but substantially
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 transonic hull of claim 12 further characterized in that said propulsive means
impart a third propulsive force higher than said second propulsive force to thereby
develop in dynamic conditions a transplannar hydrofield regime with a transplannar
speed faster than said hypercritical speed;

with the draft of said hull adjacent said bow being approximately eliminated and

with a lower portion of said bow being raised above the dynamic water level in said
transplannar regime;
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lie in a plane inclined by approxinmately 45 degrees relative to said side
surfaces. 17. Atransonic hull having a bow, a stern, and a length

t herebetween, a static waterplane at water |evel when floating w thout
nmotion in calmwater, with said hull having: an approxi mately triangul ar
shape of said static waterplane with apex adjacent said bow and a base

adj acent said stern; side surfaces fromsaid bowto the outer portions of
said hull adjacent said stern; said sides extending bel ow and above said
static waterplane defining a maxi num beam |ower surfaces extendi ng between
the | ower regions of said side surfaces; an upper surface portion extending
between at |vattsthe hell's dymamid watetplane béingrehangeg @t saiddransplaphas eegimeitde

sur f acegy awrdsmmtéiy UpBI9gosr KRgse PRivingPNat t&R BSUrt ispiesOf wiRi dubRarhtamy
surface H andPBRT siddy 3G PéthWag!ﬁPu?ﬂ@ f'ét §'a‘€'1§a Eaeestéw ta'nﬁ

t hereb | rwar fransoni c

bei ng %Wr e?g ]5&:{5& Sﬁ'dra]%v\/?ng a ratio of |ength- to- maxi mum beam of
appr oxi mat el 435 ane Ie of  sai erpl ane adj acent said bow of
aBBr oxi rratelvi/' h_Lﬁ‘ed Fred ?tﬁ %Ia' ?er%’ﬂen gﬁgﬁéo‘(}(gfé @F@Cﬂneggﬂgrapﬁp lannar

f or war meglmejrer@ajmnarﬁubamtla"\sm samelpafin saifl hyaekeridicalragimee;l ar ger t han
approximately 6 percent of said nmaxi nrum beam 61 18. A transonic hull

havi ng a bowittatise gietted Fodvard! gortibh of Reidesieé wadace i saudttramﬁmtwer pégime at
wat er |ieaed rétfiRed Wlfharte'sﬁéct%ts%ﬂ#ﬁ pEREHitRA|, irBgipfd; M wat er said hull

havi ng: an approxi mately triangular shape in said static waterplane with

apex adj acent, with the wetted area of the lower surface of said hull in said transplannar regime
being 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 transplannar regime being a small positive angle;

with the pressure component on said wetted lower surface being rearwardly
oriented; and

with the combined effects specified above yielding an efficient transplannar
regime faster than said hypercritical regime.

14, A transonic hull having a submerged portion with a bow, a stern, and a length
therebetween, said submerged portion being characterized in having:

an approximately triangular waterplane at water level with an apex adjacent said
bow and a base adjacent said stern;

an approximately triangular profile inside view when in motion with apex
adjacent said stern and a deep draft adjacent said bow;

with side surfaces extending between said bow and said stern;

with a downwardly facing surface having right and left triangular longitudinal
surface elements with their bases adjacent said stern and their apex adjacent said bow,
said surface elements connecting said side surface, and with said surface elements
being inclined relative to each other in athwarship cross-section over their principal
lengths;
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said bow and a base adj acent said stern; side surfaces extending from said
bow to the outer portions of said hull adjacent stern; |ower surfaces

ext endi ng between the | ower regions of said side-surfaces; an upper surface
portion extending between at |east the forward portion of the upper regions
of said side surfaces; with said upper surface portion, the portion of said
bottom surface bel ow said wupper surface portion, and the side surface
portions therebetween enclosing therein a forward hull volune; with said
forward vol ume havi ng an upper vol une portion above said static waterplane
and a | ower with anlengitudinainchine ctlervants betaceo sad esidd anwdacesnandvisald ksvet upper

vol ume dquefiaté alerhentsg safbchixenalerients nathwarsBip criss sattion datg freel ofimd0
por t i oryppdanestietsonRadt udi nal station of 50 percent and 80 percent of said
| engt h, rmeasured fromsaid stern forward, whereby the pitch and heave
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forwardly of the 80% |ongitudinal station neasured from said stern, whereby
the pitch and heave characteristics of said hull in adverse seas are
further15m niTimezrdnsatlic hUleofhalaim of4 ¢lirdhen dRgratterizéd rin dievirar Gethidedentnalt hat
the freagbeguilgr RhgraditiahsirfacatelerdBit With At ladja?entsdie etdrnptaid ahifd lefamgdrit
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: . e hu

| engt h T of claim 17 further characterized in that the maxi num
hei ght of said hull above said waterplane is approximately equal to 7

t of id | th. 62
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surface elements are inclined with respect to said side surfaces such that their extremes
lie in a plane inclined by approximately 45 degrees relative to said side surfaces.

17. A transonic hull having a bow, a stern, and a length therebetween, a static
waterplane at water level when floating without motion in calm water, with said hull
having:

an approximately triangular shape of said static waterplane with apex adjacent
said bow and a base adjacent said stern;

side surfaces from said bow to the outer portions of said hull adjacent said stern;

said sides extending below and above said static waterplane defining a maximum
beam;

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;

said transonic hull being further characterized in having a ratio of length-to-
maximum beam of approximately 4.35, an entry angle of said waterplane adjacent said
bow of approximately 13 degrees, and a forward volume which decreases in a forwardly
direction, and a static draft at said stern no larger than approximately 6 percent of said
maximum beam.
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22. The hull of claim 17 further characterized in that the heavy conponents
of said hull including powered propul sion neans to nove said hull and fuel
tank means are |ocated away fromthe m dbody region of said hull, whereby
the pitch and yaw inertia of said hull are increased, and the pitch and
have characteristics of said hull in an adverse sea are mnimzed. 23. The
structure of Claim7, further characterized in that (a) said trailing flap
has a right nenber and a | eft nenber, and (b) when said hull has turning
notion, the flap nenber which is on the inside side of said turning hul
has its trailing edge raised upwards to induce a rolling notion into the
inside side of the turning hull. 24. A transonic hull portion having a bow,
a sterngnd m tlapBatio, hil Baviagamtbow, | ¥ stérnl aaii@%akng\m eidreBatvechi de stitict aces

ext endibgtefiHie BRMfhtd gyggwﬁgb@@tm};g@&ﬁ&p fofiBhdn @AM Rater! Wich dgull af

f or war a shal sal portion being inmmersed
in a water ®body in a displacenent node having a renote reference water
| evel and a supercrijtical transonhc t hr ee- di nensi onal I}gg/w field in direct

contact witHn oximately AfirRguian ehars b seidngatly Wakema IR 2JBFEEs, t he
subner gl Bew Ragasbage acbafi@ttsﬁl&jnﬁ@m,c hul | portion translating at
supercritical speed in said water body in said displacenent node, said

hydrofi el d Bidengurfaces ketendiray frotresdid @dwi to thevoutgr pantioas of whist lault adjtent
triangutam, pl anformat water level with substantially rectilinear
|l ongi tudinal sides with the base of said triangular planform correspondi ng

hydr odynam 09y %%ﬁndﬁdeé%@?%ﬂ'msiﬁﬁﬁs@ﬁf Fok TR o on

extendi ng al ong said sides of said planf conti nui ng downstream of said
base of sai dinhlym%fﬁl-@faéeé@rﬁ@h@?(’éﬂﬂdwgsbetﬁ\le@ﬁtatr|§é$tv¢é\eof°"\éi'fdeﬁ§rt'@ﬁs° fohesai d

rays; (uppewiredions ofesed aldeysurfages,wake ext endi ng downstream from said base of
said planform said generally flat wake being contained between the portion

of said raygitH egiat @perosuriRe suttion tHeabeHiBASET. sad ot RurfacavdeRiv kaidel
t her ebeigMeurface 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

with said upper volume portion being approximately equal to 32% of said lower
volume portion between longitudinal station of 50 percent and 80 percent of said
length, measured from said stern forward, whereby the pitch and heave characteristics
of said hull in adverse seas are minimized.

19.  The structure of claim 18 further characterized in that said upper volume portion
is approximately equal to 13 percent of said lower volume portion forwardly of the 80%
longitudinal station measured from said stern, whereby the pitch and heave
characteristics of said hull in adverse seas are further minimized.

20. The hull of claim 17, further characterized in that the freeboard of said hull at
approximately 80 percent of said length measured from said stern is approximately
equal to 4.2 percent of said length.

21.  The hull of claim 17 further characterized in that the maximum height of said hull
above said waterplane is approximately equal to 7 percent of said length,
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substantially equal to that of said renpte waterplane outboard of said rays,
and (e) with the hydrofield surfaces corresponding to and supporting said
subnerged transonic hull portion forward of said stern between said
hydrodynam c rays is being depressed bel ow said reference waterplane, with
sai d depression having a deep draft forward with a narrow entry angle, and
a shallow draft adjacent said stern, thereby establishing the depressed
region of said hydrofield which corresponds to and provi de buoyancy and
propul sive forces on said subnerged transonic hull portion in said
supercritical hydrofield reginme. 63

22.  The hull of claim 17 further characterized in that the heavy components of said

hull including powered propulsion means to move said hull and fuel tank means are

located away from the midbody region of said hull, whereby the pitch and yaw inertia of

said hull are increased, and the pitch and have characteristics of said hull in an adverse

sea are minimized.

23.  The structure of Claim 7, further characterized in that (a) said trailing flap has a
right member and a left member, and (b) when said hull has turning motion, the flap
member which is on the inside side of said turning hull has its trailing edge raised
upwards to induce a rolling motion into the inside side of the turning huill.

24. A transonic hull portion having a bow, a stern and a length, a substantially
triangular waterplane, side surfaces extending from said bow to outboard edges of said
stern with a deep draft forward and a shallow draft to the rear, said hull portion being
immersed in a water body in a displacement mode having a remote reference water
level and a supercritical transonic three-dimensional hydrofield in direct contact with
and translating and supporting by means of buoyant forces, the submerged surfaces of
said transonic hull portion translating at supercritical speed in said water body in said
displacement mode, said hydrofield being further characterized in having (a) a
substantially triangular planform at water level with substantially rectilinear longitudinal
sides with the base of said triangular planform corresponding to the stern of said hull
portion and the pointed end forward; (b) lateral hydrodynamic rays of small elevation
and narrow width in cross-section extending along said sides of said planform;
continuing downstream of said base of said hydrofield as generally straight rearward
extensions of said rays; (d) with a generally flat wake extending downstream from said
base of said planform, said generally flat wake being contained between the portion of
said rays located to the rear of said base, and having a water level therebetween
substantially equal to that of said remote waterplane outboard of said rays, and (e) with
the hydrofield surfaces corresponding to and supporting said submerged transonic hull
portion forward of said stern between said hydrodynamic rays is being depressed below
said reference waterplane, with said depression having a deep draft forward with a
narrow entry angle, and a shallow draft adjacent said stern, thereby establishing the
depressed region of said hydrofield which corresponds to and provide buoyancy and
propulsive forces on said submerged transonic hull portion in said supercritical
hydrofield regime.
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