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relates to a wake adapted propeller drive nechani sm

for delaying or reducing cavitation. This invention

relates particularly to a wake adapted propeller drive

mechani sm for del aying or reducing cavitation for a

propeller drive mschanl smwhich is nmounted at the
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a speed profile such that the boundary Iayer of the
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of the wake which are spaced farther outwardly from
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dense nmedium there is a significant increase in water
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(PSI). If the _pressure on a part of the surface of a
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stern of a submerged symmetrical hull and which is held submerged beneath a water craft

superstructure by a strut connected to the top of the hull and to the underside of the water
craft superstructure.

When a hull is moved through water, a wake comes off of the hull. The wake is
called a viscous wake.

The wake has a speed profile such that the boundary layer of the water closest to
the hull tends to be dragged forward with the hull at a higher forward speed than the parts
of the wake which are spaced farther outwardly from the surface of the hull.

Because water is a relatively dense medium, there is a significant increase in water
pressure with increase in water depth.

The vapor pressure of water is about .5 pounds per square inch (PSI). If the

pressure on a part of the surface of a propeller blade should drop below about .5 PSI, the
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dependi ng upon the extent and duration, can fracture
or destroy a propeller. In any event, cavitation
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nmust therefore be constructed to be effective for
.. .different conditions of eration at different radial
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different parts of the rotation of the propeller
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undesira@iegfpg%oéﬁé8ﬁgr%§§a§ncounterS a high angle of attack (for

e of attack in the order of about 25
degrees) with respect to the incom ng wake at that
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high lift condition can reduce the vapor pressure of
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section to less than . resufting in cavitation

. on that surface. EncqQuntering an excessive angle og
locationg ppdhe bladgs 6 theapropelleianshefy difleyentparts of dhratation phthe
i ncom ng wake can cause a stall condition. The stall

propelles afslirdd @8 ihcordind wale] oMileingt the rblativn O BFost Recticivat a particular
pressure bl ade surface. If the cross section of the

. bl ade at a ti.qular radial l.acati t | ow an
radial g9 on gy raPeliciede pdskiicSs 2 gh angf of Wiec B farKafiple an
t han about 12 degrees) for the operating conditions
angle ofi attackdh tiotdep bf hbeuti 2icdegraes)weaitke respbett torthe inaafminigevake at that
bl ade will not have optimal pull. 2
radial location, a high lift condition can occur. The high lift condition can reduce the
vapor pressure of the water on a part of the blade surface at that cross section to less than
.5 PSI, resulting in cavitation on that surface. Encountering an excessive angle of attack
(above about 30 degrees) with respect to the incoming wake can cause a stall condition.
The stall condition is a breakdown of the flow over the low pressure blade surface.
If the cross section of the blade at a particular radial location has too low an angle
of attack (for example, an angle of attack less than about 12 degrees) for the operating

conditions in that part of the incoming wake, that part of the blade will not have optimal

pull.
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THE INVENTION It is a primary object of the present
contributentoendléfinit irvtheonsity. Uichea skaturdtapt peoducep alfiether cbrhpkcation
mechani sm for delaying or reducing cavitation. It is a
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or reducing cavitation by elimnating or m nim zi ntgh
down coprpstved trs thenmflovieveloeitypof othenportiomspd|the walieiin avhich the
mechani sms. I n the present invention a wake adapted

propellePB@&%k ¢er drive nechani smfor delaying or reducing
cavitation conprises a hull having a bow and a stem

and a wake adapted ropeller nmounted for rotati on at
the stem of t SEMMARY,ORTHE INVANEION o o wake
produced by the. forward notion of the hull through

It @ pihery otiject of the prédeht vahtioR td ednshfuct Rvweike! ddapted propeller
mounted for rotation in a plane aligned perpendicul ar

. to the axis.langitudjnal axi.s.f the hull and the axis
drive me&?xawgl ?‘?r k‘&fmg REIRLECEE C"‘l‘ﬂéugﬂgl e of attack of a
propel l er bl ade cross section, in at least certain
Icisiatrietaadd objicabf the present invention to construct a wake adapted propeller

drive mechanism for delaying or reducing cavitation by eliminating or minimizing
problems involved in prior art propeller drive mechanisms.

In the present invention a wake adapted propeller drive mechanism for delaying or
reducing cavitation comprises a hull having a bow and a stern and a wake adapted
propeller mounted for rotation at the stern of the hull so as to rotatable in a wake
produced by the forward motion of the hull through the water.

For a conventional, prior art propeller mounted for rotation in a plane aligned
perpendicular to the axis longitudinal axis of the hull and the axis of the flow of the wake,

the angle of attack of a propeller blade cross section, in at least certain critical radial
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Thé viake adapedasiaptibs qHvenakbdiRnisn of &l prekedt inbyntidi thcludes
skew of the drive shaft to be bel ow said upper
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speed for the onset of propeller, stall, cavitation
inclined ¢o thedongatdinal ads ©F the ulbard shmwus of flembofithesmakendnd which
present invention, the amount of the skewis

f t t i f
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ce | nci pi ent

caV|tat| on all the way around the rotation of the wake
plane. adapted propeller through the wake. In a specific
enbodi ment of the present invention, the hull is a

Tﬁ¥ 5 iof attable bf thedRdk@addpited Ptoi)e!l@f‘ BRCAFEstE®, Byéhid SRew of

e hull and holds the "hulT subnerged’in t’he wat er

th t
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conventional propeller so as to increase the ship’s speed for the onset of propeller, stall,
cavitation or cavitation noise.

In one specific embodiment of the present invention, the amount of the skew is
effective to prevent any cavitation in any part of the wake until the angles of attack
produce incipient cavitation all the way around the rotation of the wake adapted propeller
through the wake.

In a specific embodiment of the present invention, the hull is a symmetrical hull
and a strut is connected to the top of the hull and holds the hull submerged in the water

beneath a water craft superstructure.
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vent 1 on. er an er o j ects of the present
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acconpanyi ng drawi ngs, which by way of illustration,

aped Bl LS9 Pkt T el Dt
angles og ngélg gét%grptgglgg]gqlé f ngg leg?g S?odcu%?ztaes stanﬁal increase in
propulsion efficiency of the wake adapted propeller.

Methods and apparatus which incorporate the features described above and which
are effective to function as described above constitute further, specific objects of the
invention.

Other and further objects of the present invention will be apparent from the
following description and claims and are illustrated in the accompanying drawings, which
by way of illustration, show preferred embodiments of the present invention and the

principles thereof and what are now considered to be the best modes contemplated for

applying these principles.
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to illustrate the speed profilé of the wake " i ncom'ng

to.a propeller nounted for roptatjon the ste f
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strut. The strut contributes to a deficit in the upper
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pul | out cross section at the [ ower right hand part

of Figure 1, how the speed profile of the viscous wake
of the strut conbines with the decreasing water
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hull. Figure 2 is a fragnentary top plan view taken
Figjuoa @ is heidtorial view dmawnite itlusteate itlwnspeed girofilecef thy wake
arrow 2 in Figure 1. Figure 3 is a cross section

. . | ' ' c s

ncomind Rl ISR IS SeAl P siafufiitut which i
arrow 3 in Figure 1. Figure 3 is taken  about half way |,

held submergadiey amupper stavigilhestrut gentsibaies torasiaficikinghg fwppeportion

hub. Figure 3 also includes a diagramillustrating

of the wz{ilﬁég Il‘fi?ﬁreai‘ dRtdbesdtd BR4pAT olttGol RLHoh 2t Bid RS @%gw hand part

ow velocity conditions encountered as tha
. blade cross section rotates thrqu radi al _band .
of Figure 1, how the speed proh?e of t%e viscous wa(i(egot} the st comgmes with the

decreasing water pressure near the surface to produce a deficit wake within the viscous

wake produced by the submerged hull.

Figure 2 is a fragmentary top plan view taken along the line and in the direction
indicated by the arrow 2 in Figure 1.

Figure 3 is a cross section through a blade of the propeller shown in Figure 1.
Figure 3 is taken along the line indicated by the arrow 3 in Figure 1. Figure 3 is taken
about half way out the radial length of the blade from the propeller hub. Figure 3 also
includes a diagram illustrating how the angle of attack of the blade is affected by the flow

velocity conditions encountered as that blade cross section rotates through a radial band in
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attack, the velocity of the blade due to rotation of

blade anglcodterRe] therveldtticof the bddR dnio, rodantbrt dfethe wadgeeller (Vaye 1o
velocity (Wae=.5). Figure 4 is a view like Figure 3

of .t h r.0ss, _sectd,on of, .t he .propel lLer bl 2} .
). 250 e ROEAIOEY [Hermormdu T R af i P4RE iy g defice
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the anglpofatarkeoiithsthladetrosnsectionds depenstent be thepgesigy hiade angle of
viewed in Figure 4) surface of the blade cross

i ] et ween yt
atack, (EE006y of N HIRAS 50 R Forhlth VR BOPRI AN R ofpsion: A the
| ocation of_ the cross section on the blade), the
wake velnciyd(Yvaxe=dst ri bution resulting fromjust the
i ncom ng wake velocity at that radial |ocation on the
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igure 3 and Figure 4), and the different pressure

) di stribytion resulting fromupovenent through t .
radial logasfon indigatel by ERarroR bin DR Epw o bir YR donofies diagrams to
i ncom ng wake produced by the wake deficit). This
indicate pi€&3aty @istHsitiond &kisﬁn’g @ef the uppes(ashviewed irdBiguré d) barface of the
indicated by the circled reference nuneral 2 in

blade crg':%ﬁg%[gﬁ.pé' ?ﬂg ugg %Ls&%lggt tgg r%\%ti{)ﬁgﬁg %fe{\%eﬁ"n thé Id%giig\ﬁepressure

distribution (for that radial location of the cross section on the blade), the pressure

distribution resulting from just the incoming wake velocity at that radial location on the
blade (indicated by the circled reference numeral 1 in Figure 3 and Figure 4), and the
different pressure distribution resulting from movement through the deficit (resulting
from the reduced speed of the incoming wake produced by the wake deficit). This
pressure distribution deficit is shown under the line indicated by the circled reference
numeral 2 in Figure 4 and correlates to the deficit relative velocity line indicated by the

circled reference numeral 2 in Figure 3. Figure 4 illustrates how the pressure distribution
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on this Hide %‘FFgaC.esfroﬁf%}é dgpign gle ohattaglot koviepang Figurehd and 4 it
pul | out cross section of the wake illustrated in the

can be helpfet to kegipt in'raind thpotheibdadeoérobs sbionlis bEingWoratSd Hirofigh a

pictorial view like Figure 1 and shows on€ prior art

ial bR EOn ieh tator blade is fixed i .
radial b pOSI ttlhg ?E%lgﬂt‘%e eta?é fi)fecfrﬁ@lag ePrrRsppnding to itﬂe geometric
... advance of the propeller to redirect the direction of
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Figure 5 is a pictorial view like Figure 1 and shows one prior art construction in

which a stator blade is fixed in position on the top of the submerged hull just in advance
of the propeller to redirect the direction of the flow (of the wake and the deficit wake)
incoming into that upper portion of the rotation of the propeller. The fixed stator was
used to redirect the incoming flow to reduce the angle of attack the propeller blades in the
upper portion of the wake.

Figure 6 is a fragmentary top plan view taken along the line and in the direction

indicated by the arrow 6 in Figure 5. Figure 6 indicates, by the flow arrows shown in
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stator irethék 06 fHeGh |k, i N accordance with one enbodi ment of
the present invention. In Figure 7 the drive shaft for

l;t.he opeller is skewed sideways, off the | ongitudinal
RS oF A fasoayRatie e like Fiawe 1 mdoBigures but shewing a wake
4 mechani sm shown in Figure 7 nounts the wake adapted
adapted propaller driveanechaaismt farddliviae Ry 28R REadibid d@qj, i
the axis of flow of the V\)Eé%e,g and t Ig?naé‘g%hggﬁgiﬁwi S g@ctedm
S e,.drive.shaft of .the wake adapted )
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showi ng the angl e of skew of the drive shaft for the

ropelleP HAR ' . | Qngi tudj nal. axis of th
prope esubnglrr%%gawaﬁ]s.ﬁ EI gﬁffglgg'? § Zqﬁowqggfea%? P@aﬁ?éW%ﬁlf@ﬁ for
. Lllu trgiles, how t he skewi ng or offset of the
rotation k3 g planedhalgsinelingdpithe exisidfifiaw af it Waké audrthe rechiadism
8 adjusts the angle of attack of a blade cross
skews oS6ffdte theedrive S bEHe ' 180 el
bl ade (as conpared toa\?%]g@%qﬁteedﬁ%ﬁgg%salg%v%&f&e il
Fconvsnti nal on axis propeller drive as shown in
BUGFS $)T4eientary tPB AN Yiew takey alongthe dingctnddn thédirection
L bl ade rotates through the upper and deficit portion of
indicated by thesdreow&lin Figure 7 showing the angle of skew of the drive shaft for the:

propeller with respect to the longitudinal axis of the submerged hull.

Figure 9 is a diagrammatic view which illustrates how the skewing or offset of the
propeller drive shaft as illustrated in Figures 7 and 8 adjusts the angle of attack of a blade
cross section at a particular radial location on a propeller blade (as compared to the angle
of attack of a conventional on axis propeller drive as shown in Figure 1) both to lower the
angle of attack as the blade rotates through the upper and deficit portion of the wake and
to increase the angle of attack as the blade cross section rotates through the bottom

portion of the wake. The angles of attack of the blade cross section as shown in the lower



to increase the angle of attack as the bl ade cross
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drive shaft of the propeller as illustrated in Figures

PO BB VTS g e gt b PRl R f fotiewes 7 ana 8.

wake adapted propeller drive mechanism of the present
invention is illustrated in and wll be described in
nore detail belowwith reference to Figures 7, 8 and
9 of the drawings. It is believed that the new nodes
of operation and that the benefits of the wake

adapted propeller drive nmechanism of the present

i nvention can best be understood by first considering
hOM/Eioblens of cavitation and cavitation noise and

D BAIL BT DESGRIFFION OFTHE PREFERRED ENEOBIMENTS

art propeller drive nmechani snms. The probl ens of

GiRVoft @b i & At | se,ocgurri.ng in the, .
Rt b gt S AR 6 SR Wb ive mechanim
£ ih drive mechanisns will therefore be described first and

OL (he presery Ipweniion s allysiratedyin and wilb bedesdribedriawhogsdetsis below with

not ed above, under the Background of the Invention

referencheatiigiges 7, 8 hh@ 9 cFRAL deAb#ngR, When a hull is noved
t hrough water, a wake cone§S off of the hull. The wake

163§ bRVt e inades PE gBPagRRd that the bonsiits of the wake
adapted propeller drive mechanism of the present invention can best be understood by
first considering how problems of cavitation and cavitation noise ahd stall occur in the
operation of conventional or prior art propeller drive mechanisms.

The problems of cavitation and cavitation noise occurring in the operation of
conventional or prior art propeller drive mechanisms will therefore be described first and
with reference to Figures 1-6 of the drawings.

As noted above, under the Background of the Invention heading in this
application, when a hull is moved through water, a wake comes off of the hull. The wake

is called a viscous wake. The wake has a speed profile such that the boundary layer of the

10
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cause or can contribute to a deficit in the viscous
the hull.wake produced by the hull. Such a projecting structure
can produce its owmn viscous wake having its own

J . .
ALR- B el i il gEREL AR HER A Bghifitent increase in
t he huII the velocity profrle in the m xed (def|C|t)
Waterprpsﬁurewthmérqawmwat@cmﬂl be different fromthe
velocity profile in other, non- mxed parts of the
V4 HER W0V SoRTeOsuEE ﬂ:r@dtufé"(;?oﬁébtdmplé HERO AQENEP N Ofhd if
for rotation at the stern of the hull rnust therefore
constructed to be effectlve for differe
that strugie PRIGHS g tﬂ% 1Rt SFORIPYE QATGAIS? Q8 FAR COMIBNS [y deficit
on the bl ades of the propeller and at different parts ,
in the viséousovalte prodated by the el Sech aprojecting keudtacoeamproduce its own
wake. |f a cross section of a propeller blade at a

viscous KLU 0h S5 RR R S BE R g e

attack in excess of about ) i
mixes with a part of the wake produced by the hull, the velocity profile in the mixed

e

(deficit) part of the hull wake can be different from the velocity profile in other, non-
mixed parts of the viscous wake produced by the hull.

A propeller mounted for rotation at the stern of the hull must therefore be
constructed to be effective for different conditions of operation at different radial
locations on the blades of the propeller and at different parts of rotation of the propeller
around the incoming wake.

If a cross section of a propeller blade at a particular radial location on the propeller
blade has an excessive angle of attack (for example, an angle of attack in excess of about

30 degrees) with respect to the incoming wake or deficit at that radial location, a very low
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30 degrees) with respect to the incom ng wake or
deficit at that radial |location, a very low 11 WO
wWQ2MN088638 PCT/ US2003/ 035977 Attorney's DOCREL/UBI®N3/035977
FE- 00615 I nventor: Terrance W Schm dt pressure stall
condition can occur on the top surface of the blade. A
Attorney pldogket DouFE-0G6dAdi t i on can be bel ow the vapor
Inventorp TesrangeedWoSchrhidt wat er on a part of the bl ade surface

. ; | AD
pressurétall CbAditiOhQRH 206 bR ﬂa%bg sidfack BRTMEBRHE. AO1RP bg%ﬁ?xg

per square inch (PSI). n the vapor pressure
...to les han,.5 PSI the water in that area_can
conditio g RFION gheYABOLPTCESS PR A WilsF @Dk DAt 66014 blaie gurface at
produci ng cavitation and cavitation noise on that

that crosusettior tovess thaneabouo i Siponindsayr tsyuine icH SRS E Whin the vapor
conpressed back to a liquid and possibly loss of lift

s e, PASEHE e A o Moo

. has too | ow an angle of attack (for exanple, an angle
void or pawity ardprosucingheavitationand 2avidatipreraise borthatrsarface when the
operating conditions in that part of the incom ng

void or %ﬁﬁl@n is siBdeqRehdly egmbp&se@bé‘%fto% g&u%ﬁasgiqqg %Mf lift or

Figure 11s a pictori I'nc S
diagrans to illustrate and to help wunderstand the

stall.  coments set out imedi ately above. Figure 1 shows a
conventional, prior art propeller drive mechanism

Irghionldbe abtddso tHaelf AE cPosk)RBEGH bE Ble hIaMO RS ?ﬁﬂic_‘iﬂ’alr' radial
13. The symmetrical hull 13 has a |ongitudinal axis

locationi%a tgA(b o %%1 gllléle\lléft a&&%@?ﬁ%r?&a}r?plé,ha% gn?ﬂe 8% att:terl]c(i( Peléls lcha%l?’about 12
degrees) for the operating conditions in that part of the incoming wake, that part of the
blade will not have optimal pull.

Figure 1 is a pictorial view which includes diagrams to illustrate and to help
understand the comments set out immediately above.

Figure 1 shows a conventional, prior art propeller drive mechanism mounted at the
stern of a symmetrical, submerged hull 13.

The symmetrical hull 13 has a longitudinal axis 15.

A strut 17 is connected to the top of the hull 13 and supports a water craft

superstructure (not shown in Figure 1) which extends above the surface of the water.
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superstructure (not shown in Figure 1) which extends
above the surface of the water. 12 WD 2004/096638
w03/ 035977 Attorney's Docket No. FE- OPGIL/BS2003/035977
Inventor: Terrance W Schm dt Water craft having
symetrical subnerged hulls and above wat er
Attomey’smnﬁkatmmcmloeﬁm this kind are illustrated and
Inventor: IBSEdncO Schmfit U. S. Patent No. 5,592, 895 issued

“@W@%‘@ %’3%%83?%? E}‘Eé% ?Zi,ﬂ?fsﬁgd@gagg ?%%ngpgksﬁucwe of

i ncorporated by reference in this
this kind;gre m&wm@hamdﬁ@cgbﬁé in my; HeS. cl’cﬁﬁ%rh? @-o%qéﬁ%aégg 5%“411?% danuary 14,
drive nmechani sm 10 nounted for rotation at the stern

1997. Séé fhhexditple, F ks of (PEOPalcheNoN8I5obBad. i ven by a

drive shaft The axis of rotation of the drive

dent with t it udl
UG et s 53%;%5&@08%@@% shither PR afichndt
outwardly fromthe hub 19. It is recognized there
Asadllisirdred inFigunerbstheafonbentiesal pfoweeller ddvs m@dchanism 10 mounted
rotatable in a plane, or planar band, 30 which

for rotatf)ﬁlt at ﬁﬁ% Ft%ﬁrgg ﬁ% lﬂ'! ef‘.{éi)ax% b @{6&%&% | 'oltr?ucﬂix;}:?nhbf% Hﬁv& 3héft 22.

shaft 22. This plane, or planar band, of rot atlon

The axistdfarobdtisaesf the drive shaftQ2 isicoinsidans with &eflanﬁlﬂa@mﬁla@gs 4§ of the
(see Figure 2) extending between the forward end of

hull 13. the hub 19 and the stern end of the hull 13. The
vi scous wake produced by the hull 13 causes the water
inflowing to the nventi o el l e
Pt hiaes o1 £5tand Ty QENRIcHy GioPh HRcanly ko LLib gecagpizadthere

arrows 33 in Figure 1 and Figure 2.
could be any number of blades. The blades 21 are rotatable in a plane, or planar band, 30

which extends perpendicularly to the longitudinal axis 15 of the hull 15 and the axis of
rotation of the drive shaft 22. This plane, or planar band, of rotation of the blades 21 is
parallel to the interface surface 28 (see Figure 2) extending between the %orward end of
the hub 19 and the stern end of the hull 13.

The viscous wake produced by the hull 13 causes the water inflowing to the
conventional propeller drive mechanism 10 to follow the flow lines indicated by the
arrows 33 in Figure 1 and Figure 2.

The wake has a speed profile such that the boundary layer of the water closest to

the hull 13 tends to be dragged forward with the hull at a higher forward speed than the
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The wake has a speed profile such that the boundary
| ayer of the water closest to the hull 13 tends to be
waeleagged3s orward with the hull at a higher former/us2003/035977
speed than the 13 WD 2004/096638 PCT/ US2003/ 035977
Attorney's Docket No. FE-00615 Inventor: Terrance W
Attorney’ SOlockettN@paFE€©0615 t he wake which are spaced farther
Inventor: OLHrisEE Wy, s‘chﬁﬁatt he surface of the hull. The sl owest

parts of thE vAKel Whi2 p é[&hffafth%dt%r Y'ﬂrorﬂliihé S@@ade 6 thethaill. The
t he propel |ve mechani sm be at the hub.

In this se e water.in the wa
slowest YeloB O Wik oReiPe Tl 1 Deeutiag e shepropele iv o
the forward speed of the hull itself, so the incom ng

mechanidal10cwilybeht tHechuba ke thiz Hand, or sgeedd, dic Wwatek i the wake tends to be
i nnernost band will be near zero. The speed profile of

wovin SRR LT M P BT e o

The speed profile illustrated is that eed profile
incomingwelobitgxf the wiakis to the propellerdn thise.npemsmt d willdhesneas zero.
The speed profile shows the incom ng wake velocity as

TSt B BE i FHkEWILPRy R atod BB atod By e,
a direction going radially outwardly fro 9.
referencerpametal32ninsthe fawer partipt Kigswe By Thedpsed pr lkﬁdﬁ}lwiﬁe 3s that
band of water noving past the outer tips of the

speed pr@ﬁféjﬂfm%le)ﬁﬂ@ j@dt ih @t bf Fld;] 51 P@ 16k slage2 nf Théepdad profile

band | Ocated abou way out the radi al
s Y s L o e oo i By o
that is, at one half the speed of forward novenent of
the hub 19end hhbing&mﬁﬁsquggingifmmﬂ ¢0 1.0 in a direction going radially outwardly
from the hub 19.

The outermost band indicated by number 1.0 would be a band of water moving
past the outer tips of the blades 21 and at the full forward speed of the hull 13. Aband
located about half way out the radial extent of the blade 21 would be incoming into the
propeller drive mechanism at a speed of about 0.5, that is, at one half the speed of
forward movement of the hull 13 through the water.

Similarly, the strut 17 produces a speed profile in the water behind the strut 17.

This speed profile is indicated diagrammatically in Figure 1 by the reference numeral 34.

The viscous wake produced by the strut 17 combines with the wake of the hull 13 to
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Simlarly, the strut 17 produces a speed profile in
the water behind the strut 17. This speed profile is
w0 pabioodess]l di agrammatically in Figure 1 by thePCT/US2003/035977
reference nuneral 34. The viscous wake produced by
the strut 17 conbines with the wake of the hull 13 to
Attorney’$ DodEetNA4IFBDO6 BB PCT/ US2003/ 035977 Attorney's Docket

Inventor: NDerranbe W0 &hndidivent or: Terrance W Schm dt further
t H 5 t . A -
further chr Wite éfr&ﬁg?"ﬁf‘{ﬁ@ Bl fn@@mfiﬁ%% {hRGRBpAEriRive Bechanism 10 in the

ive mechanism 10 in the portion of the

. vi scous wake_ of the hull where the fwo wake e e
portion afihe RISCRUS Fake @f hrebu anhero e o Wekeh §m%wﬁe%%ﬁ@ﬁ and the
This portion of the wake is terned the deficit wake

wake of tHtstnity afd @ghBiea! Mead portiondfahe edkens tdrmeguht defitit wake and
cross section of the wake distribution shown in the

s ol Bl 2RO RRE bufl uf 345 Sehign B RE, A56Lb By shown
profile of the wake fromthe hull 13 to further

in the loweriright hdrel part efl Fidurele wat er incoming in to the
propel l er drive nmechanism 10 in the deficit wake

' . ' | i Ll .
THPSHAR L R AR 17 RchlE e s profle of
causes an increase in pressure. The converse is that
the wakeifronetheingl 13 pa frthes reduceshe gpeageidthe watesingpming i to the

reduces the anmpbunt of difference between the actual

propelle¥@#i9& nRicRafIE 1@ il tHe R fich wal&hoRionssTUhe wakkewhi Ch
wat er can vaporil ze and cause cavitation. The nore

shal [ ow t dept h at, which _a poriion of the bl ade.21
Figgie diabso Hiusirafaea showh i o iRk GO 6. Hom ety depth
produci ng a condition which can result in a vapor
causes affifGeadesin pressure.hThe Cohvdrsd iy thatidearsasing dgpthalecteniseothe water

and cavitation noise).
pressure and reduces the amount of difference between the actual water pressure and the
0.5 PSI pressuré at which water can vaporize and cause cavitation.

The more shallow the depth at which a portion of the blade 21 operates, the greater
the chance of the low pressure producing a condition which can result in a vapor pressure
less than 0.5 PSI (and resulting cavitation and cavitation noise).

The problem of cavitation resulting from the decrease in water pressure on a blade

surface below the critical 0.5 PSI incipient cavitation limit is illustrated in more detail in

Figures 3 and 4 and will now be described with reference to Figures 3 and 4.
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The problem of cavitation resulting fromthe decrease
in water pressure on a blade surface below the
wa@eootiog@Bs 0. 5 PSI incipient cavitation |imt iBCT/US2003/035977
illustrated in nore detail in Figures 3 and 4 and
will now be described with reference to Figures 3 and
Attorney4.Dacket M. 2084008696638 PCT/ US2003/ 035977 Attorney's
Inventor: DD&kaice Mp. Sdhmi@0615 | nventor: Terrance W Schmi dt

Figuad Beis 3 dr8ssPsekfifa thidach 'a%lad%@ﬂhﬁ%r@g&lle%%o@fn 1hfFigure 1.
pr opel | er shown in Figlre 1 Flgure I's taken a ong

Figure 3?;2 Sag(!elp %l%l c]g@t ﬁed qtecggx/ ﬂ@r rﬁrro e”al il,;zaégﬁy ! fe#@ 18 %aken

the blade fromthe propeller hub. Figure 3 al so

about halfwhy destie ddad ﬂ@?th of tsd blade figninthe priopehadheb. oFigure 3 also
attack of the bl |s affected by the flow velocity

includes g'glté@? i sg{]?éﬁgg{ arngéeaﬁﬁatt%l&?ﬁtgg Ll?g% r%%?{ec?e[& by the flow

vertlcal part of the wake 9 (as shown in Figure 1).
velocity Sendigions enbeuntered asfthatidadelernss spaticarrosdtes Hgouglawm@al band in
VI ew of Figure 3 as set out under the sub-title "Brief

Fi
the uppepESE WA 8l Ao SRERIE: U i THRKS 1) PRttt o the

propel | er blade at the radial |ocation |nd|c ted b
descnptton@fathe SFpwingvieweofdiigures as s¢f ut ppgdes e pubriits,
diagrans to indicate pressure distributions eX|st|ng

Descnpt%h bhtheUPRAVingaBiewse\wBdvé.n Figure 4) surface of the
| ade cross section. Figure 4 shows the relationship

bet ween the design pressure distribution (for that

radial |ocation of the cross section on the bl ade),

the pressure distribution resulting fromjust the

Pﬁ%m‘emi i8G viewelikeFipurd $ ofithd ¢raks seutionl of the propeilenblddeeat the
lade (indicated by the circled reference nunmeral 1 in

radial 10EAFH fhalc 84 b?f'tﬁé' Lo 3 ifhd ﬁigﬁre 1, but Figure 4 includes diagrams to
indicate pressure distributions existing on the upper (as viewed in Figure 4) surface of the
blade cross section. Figure 4 shows the relationship between the design pressure
distribution (for that radial location of the cross section on the blade), the pressure
distribution resulting from just the incoming wake velocity at that radial location on the
blade (indicated by the circled reference numeral 1 in Figure 3 and Figure 4), and the
different pressure distribution resulting from movement through the deficit (resulting

from the reduced speed of the incoming wake produced by the wake deficit). This

pressure distribution deficit is shown under the line indicated by the circled reference
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different pressure distribution resulting from
nmovenent through the deficit (resulting fromthe
wo eadwosd3speed of the incom ng wake produced bRCT/E82003/035977
wake deficit). This pressure distribution deficit is
shown under the line indicated by the circled
Attorney’s #logkete FB-00012004/ 096638 PCT/ US2003/ 035977
Inventor: ATdreamoe W.SSdbadétet No. FE- 00615 I nventor: Terrance W

numeral thi IFigire W AR Bbrrelated thitBBIaErict Pélﬁu@@{/él@bﬁ% ﬁ%.eliﬂdibﬂt@d by the
e icrt relatlve veIOC|ty line indicated

circled r gqcnlé:%gxﬂﬁ?ffgg il }%F% s 2353 ﬁiﬁé’qa‘g@ @8 rog agAs!f H@r‘?ﬁ?ﬁ%ﬂ]

surface decreases; and when sufficiently high angles

pressure @ tht uppkr surfaceadeeesintsaad witen dufficinelyshigie angles of aftack are
below the cavitation limt or cause the blade to

encoun bt !B PHRESIRIAD B AL TR i o

across a substantial extent of the pressure
stall (flowi kreakdorvnpnFigure 4 iillustmitesshow the pepspisydisthibutipn sérops below a
hat ched portion under the pressure di stribution

cav1tat10ﬂ%bﬁ'aEréés%%u%sta?ﬁQl &&Ffﬁt”tﬁ’ tﬁ @ssﬁfhedl%!ﬁﬂﬁfuoh%ﬁéhte"ﬁﬁs is

ure surrace o e OSS sectl on of th

ade. Cavitation_and cavtatlonn or stall can
shown by {a¢ SfasF Balsed oA g the PEEsShEESrDoR dB Tt g o

desi gn bl ade angle of attack. The design bl ade angle

prOJectth; abivieaBk upperEatewadird \Ai/agtagé Apnaifacedf thiicasds sebiieiof the

o highin the deficit and whi ch causes stall

cavi tati gn.and cavit s th SS
blade. CHitarigh oot SR oeS% O SRR rbSduts €T s blade
incomng flow velocity in the deficit wake. In view ng
surface for ghiselesignblddd angle ofiattadle Thé designibladecagle of aftack produces
that the blade cross section is being rotated through

R T R T

cavitation and cavitation noise as the cross section of the blade rotates through the
decreased incoming flow velocity in the deficit wake. In viewing Figures 3 and 4 it can
be helpful to keep in mind that the blade cross section is being rotated through a radial
band in the deficit wake at a fixed radial distance corresponding to the geometric position
of the radial band existing between the .4 and the .6 numerals shown in the bottom part
of the pull out cross section of the wake illustrated in the lower right hand portion of

Figure 1.
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of the radial band existing between the .4 and the .6
nunmerals shown in the bottompart of the pull out
w@eewssI®agti on of the wake illustrated in the PONE82003/035977
right hand portion of Figure 1. 17 WD 2004/ 096638
PCT/ US2003/ 035977 Attorney's Docket No. FE-00615
Attorney’k MuekétNo. FEO0eMEe W Schm dt One prior art technique
Inventor: I Pérraa¥@ Wi Stfinfikcessi ve angl es of attack in the upper,
OHE ok art WA A QO Rl HBifing B RACuHES bf AMICKA e e, defici
to the propeller_drive mechanism 10 in that upper,
wake pogiim ¢f thevales digirtbugipnishewngpdigpre lagkas tochangs ﬁ}? angle of
angl e of incomng flow changes the angle of attack of

incornin%_ﬂ%w & @RYrbpsl1dd RER- mddtiahisHh 10fin Wdt uppes Rl wake part of the
igures 5'and 6. Figure 5 is a pictorial viewlike

Fi.gure 1 and _sho ope pri.or .art constructign i.n
overall Wate /f-hanging B Hele el mgoming flow chispess 8is pagle gf Ataek of the
top of the submerged hull 13 just in advance of the
propellepblage) Mhis pirior st ieshoani BrFiblrds andibr ect the direction
of the flow (of the wake and the deficit wake)

FIJEO378 b [ AR BI RO BB S i

) to redirect the incomng flowto reduce the angle of
which a staterddadds 40 iefised peposition pades taplof thetsubmepgrst higbl 3 jest in
of the wake. Figure 6 is a fragnentary top plan view

advancet&i/“ﬂt?ﬂ Bﬁ%}%?l%ﬁv H@@F n é%ﬁaﬁ@ﬂl 10td Rt @RldiRRtioh M tR@FIBW (of the

Igure 5. Figure 6 indicates, by the
| ow arrows 42 shown in r(ﬁi gure 6, how
s

f T, : \ he wake
wake and tho fetigit teakehincorups inte thatinnes RgEen of terertionPighe

the fixed stator 40 in this part of the wake.
propeller blades 21. The fixed stator 40 was used to redirect the incoming flow to reduce
the angle of attack of the propeller blades 21 in the upper portion of the wake.

Figure 6 is a fragmentary top plan view taken along the line and in the direction
indicated by the arrow 6 in Figure 5. Figure 6 indicates, by the flow arrows 42 shown in
Figure 6, how the wake incoming to the propeller is changed in direction by the fixed
stator 40 in this part of the wake.

A wake adapted propeller drive mechanism for delaying or reducing cavitation and
constructed in accordance with one embodiment of the present invention is illustrated in

Figures 7, 8 and 9 and is indicated generally by the reference numeral 11 in Figures 7 and

8.
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A wake adapted propeller drive nmechanismfor del aying
or reducing cavitation and constructed in accordance
wowrah/oewss enbodi nent of the present invention PGI/US2003/035977
illustrated in Figures 7, 8 and 9 and is indicated
generally by the reference nuneral 11 in Fi gures 7 and
Attorney s Dacket o2 58400098638 PCT/ US2003/ 035977 Attorney's
Inventor:Dbekatce W. SdHmiB0615 | nventor: Terrance W Schmdt It
Itsshoul dibd aoted! thak, While thekidke ddaptedglepaliaiirbe mectalismarl 1 of

drive nechanism 11 of the present i nvent| on is

ustrated cr n .FEi res S
the presdgtifiveptiasibnraiet and desraiopdan Aikeiss £ BBl
propell er drive nechani smof the present invention is
symmetrdda psutaaénged hatl, drywalakadaitad propellendrive mechamgi ofdilre present
any hull structure. The present invention has

inventiofi 3L his64sBFus i Lﬂa}; %13%;8 d?s@ﬁfb re(g Fﬁﬁ{# 1?%1‘11 %r tdll ¥R &lire.

here™ TS al'so
di stribution. Structures |n Flgures 7, 8 and 9 whic
The pressps nvensionthas patiicadar wility g pay wake digteibutian i &thé%h there

by like reference nunerals. In Figures 7 and 8 the

is also a WRERIBAIAR! GHhR{ BR&VAIRY difribiioRechani sm 11 of the

present 1nvention is shown nounted at the stem end of

a mretrical hul | i.ch has a udi nal _axi s
SimcturppIn Fiawees 1 &aﬂn‘ﬁ%%i@ coespand @@g‘i‘l‘é‘ﬁ 1, Eigurgs,1-6 are
t he surface of the water by a strut 17 which is

indicated bydikee@férentdguerlnf the hull 13 and which is also
attached (on its upper end) to a water craft

I3 Fsihg 3l 5%&3 wile SIO0H SopehidtEsTe hehthiSh 1Y'ofthe present

invention is shown mounted at the stern end of a symmetrical hull 13 which has a

longitudinal axis 15.

The symmetrical hull 13 is held submerged beneath the surface of the water by a
strut 17 which is attached‘ to the top of the hull 13 and which is also attached (on its upper
end) to a water craft superstructure (not shown in Figures 7 and 8) which extends above
the surface of the water.

The wake adapted propeller drive mechanism 11 of the present invention
comprises a rotatable propeller hub 19 and a plurality of propeller blades 21 extending

radially outwardly from the hub 19.
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the surface of the water. The wake adapted propeller
drive nmechanism 11 of the present invention conprises
w@200e0ad6ab| e propel l er hub 19 and a plurality BET/US2003/035977
propell er blades 21 extending radially outwardly from
the hub 19. 19 WO 2004/ 096638 PCT/ US2003/ 035977
AttorneyAtDarkeelos FBe6é5 No. FE- 00615 I nventor: Terrance W
Inventor:STarrhrte Whechasidpel | er i s shown as having four bl ades

TS propdiiedys Sown a9 Having!Tolir blades PY M FidBEs FandBavat the
f ewer” bl ades or nore blades. The hub 19 and bl ades 21

are rotated drive att 23 having an axis 25. In
PIOPEIEEE%LH%@VW%P&SF% %?@zgﬁ‘ﬁeﬁ- nvention the axis 25 is
not coincident or parallel wth the |ongitudinal axis

The hab thendtilaled 31 bre rotated hytaddve Kefed3 hnvimg anglie 23.
as best shown in Figures 7 and 8. This offset or

R i oA g 8 R

) inclined surface 29 at the end of the hull (see
with theRoggitediayl axis 35 of thehyl 45 dut és instead skewed aban gnglec2?, gs best
a pl _ané (or planar band) 31 (see Figure 7) which is
shown i @?‘f%ﬁr@F ¢ at.nﬁﬁi hP]ﬁ%)ﬂfFSe?Br ﬁl&é%V"Z? FtRE dfivé Shaff 5 and the mounting
propeller. e ow of the water comng into the

propeller is indicated b he flow |ines 33 i
of the hih fprrreiationsepythe, steppofithe i g fha Wslslawiﬁ'érrtl%qe 29 at the end

rotation 31 of the propeller blades 21 is determ ned

of the hillY ($eREFigtiRY8)caudés therapéllee bitxist2 12(o e iSa plane (or planar
essentially the sanme as the inclination of the
band) 3ftjsrefe:af%§u1%97)svgﬁic iis inc ‘in%%i S tﬁge' axis of flow coming into the propeller.

The flow of the water coming into the propeller is indicated by the flow lines 33 in
Figures 7 and 8.

The inclination of the plane of rotation 31 of the propeller blades 21 is determined
by the skew 27 of the drive shaft 25 and is essentially the same as the inclination of the
surface 29 shown in Figure 8.

The skew of the drive shaft 25 and the rotation of the propeller blades 21 in a plane
that is inclined to the axis of flow of the water incoming to the propeller adjusts the
angles of attack of the cross sections of the propeller blade 21 at different radial locations

of the propeller blade 21 to keep the angles of attack below a cavitation limit (shown by

the cavitation limit line in Figure 9). The adjusted angles of attack delay or reduce
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The skew of the drive shaft 25 and the rotation of the
propeller blades 21 in a plane that is inclined to
W b@4m%638 of fl ow of the water incomi ng to thePCT/US2003/035977
propell er adjusts the angles of attack of the cross
sections of the propeller blade 21 at different radi al
AttorneyisdoenkebiNe. FEfOOﬂhg propel | er blade 21 to keep the
Inventor:afighraxeW. Sthinddk bel ow a cavitation limt (shown by
cavitationhéndea wlltcahtiitions iofidpetdtivt éfithEivgikieerddpted Propeliirudrivad
angl es of attack delay or reduce 20 WD 2004/ 096638
h .PCT/ US2003/ 035977 Attorney's Docket No. FE-00615
meChamE/y bt or: Terrance W Schni dt cavitation under all
conditions of operation of the wake adapted propeller
Fijziire & is medihgmimnaticl vieRi which illusiwates Ho shewing ot elfset of the

which illustrates how the skewi ng or offset of the
I [ {13 ddl i F
propelcp 3 ot of BRI R W) DU el Graracktha bl

section at, a particular radial |ocation on a proefll r
cross segfiQiat g particulep sadial losation onadirepellar blade@r compared to the angle
conventional on axis propeller drive as shown in

of attackb4 t8nvontidhloh ﬁ:ds%f@{)elléﬁiri\%ﬂﬁﬂ sho®in iatFigake Bsbdthao lower the
bl ade rotates through the upper and deficit portion of

ango otk 5 oS e 5Pl TR EePE S bSERT S ke ane
of the wake. The adjustnent to the bl ade angl e of

to increasetthe kingle of@ttack bs de bipde beoss sewtion rovites Keough thebottom
propeller axis. As an exanple, 4 of skew would

poion PS03 1 08y B i Bttt D B e

bottom of the rotation. The variation in adjustnment
amount afigkew (e theepropeher axip As4n exathpléed® dfokewnwouldideoneasedhe
be sinusoidal. See the blade cross section

angle otj a%alci(%%ft Jﬁﬂsthé Po%v‘@f @b 14 rotation and increase the angle by 4° at the

bottom of the rotation. The variation in adjustment angle between the top (-4°) and the
bottom (+ 4°) would be sinusoidal. See the blade cross section inclinations shown at the
bottom of ~Figure 9. The blade cross sections illustrated are the cross section of a blade at
a radial location about half a blade length out from the hub. This blade cross section
rotates through the A radial band of the incoming wake cross section shown in diagram in
the top, right hand side part of Figure 9. In this band the incoming flow velocity in the
lower (non-deficit part) of the wake is about .5 or one half the velocity of the velocity of

the hull 13. The incoming flow velocity in the deficit wake decreases to .3 and briefly to
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bottom of Figure 9. The bl ade cross sections
illustrated are the cross section of a blade at a
w0 awitadecBocat i on about hal f a bl ade | engt h outPET/UMDNES5977
hub. This bl ade cross section rotates through the A
radi al band of the incom ng wake cross section shown
Attorney’ )Ddékey NemEE00G1he top, right hand side part of Figure
Inventor9 TetrandelWs Sélanidt t he i ncoming flow velocity in the

.1 and thé®icrdaReybataf toCB tandas by (19 blalle créxk ettiorpitates rolkh the
one half the velocity of the velocity of the hull "13.

deficit. (g louon fack o € hfARrafgrs isedn o rudt i Bisgowrer part of

PCT/ US2003/ 035977 Attorney's Docket No. FE-00615

Figure 9 meaoimpwhal exaggeratedin Hitmtration. td hehpluhdmstand che fisetion
back to .3 and 5 as the bl ade cross section rotates

produce%llrﬁgp@% %\Qleof tﬂ§ Gk Shatt Q:E Eto%%pgtf ﬁ) ﬁmlg&gte‘aflfltﬁigures 7 and 8.

Ss sec on as r
Figure 9 are sonmewhat exaggerated in |Ilustrat| on to

Thel adjusiod anglered attack redices the vaiaiinncdacnngle efattankeef e entire

the drive shaft of the propeller as illustrated in

blade aﬁ% OtaRs afl RBWay arH]ﬁ YRoRgh RS WakeS "I%trﬁ&)hrﬂtﬁﬂ uﬁ ® of

e variation |n ang e of attack of the entire
as.it rotate

t he around, and, t hrou k
attack thaids ﬁﬁ@@%éﬁ@ the wake defiei kop tr0ta§10e$1 M?%P@‘F‘EEY%F value of
the wake deficit (top of rotation) is reduced by the

the skew ahgR. 0fhe inbeptideeuvf éndtationtid the aaglel siatatk adtid béttamn of
and t he angl e of attack at the bottomof rotation is

ncr eas the kew angl e. The adj usted
rotauondﬁéq(ggasgabéytpgé@l tﬁﬁs S%? ctions of the blade of
the wake adapted propeller are enough greater, in the

Thensdjustad fingles oif attack of the evakesectibas of the tafe of theewake adapted
angl es of attack of the conventional propeller so as

propellér%r@ Eﬁgﬁ@?gﬁatcell‘,bﬁlt @B45@Lr hite pbftth of'the wake, than the effective
angles of attack of the conventional propeller so as to produce a substantial increase in
propulsion efficiency of the wake adapted propeller. The adjusted angles of attack of the
cross sections of the blade of the wake adapted propeller are enough lower in the upper
half portion of the wake to avoid cavitation or stall and the resultant acoustic noise and
associated lost of blade lift resulting in an overall increase in‘ propulsive efficiency.

The amount of skew of the drive shaft adjusts the angles of attack of the wake

adapted propeller so as to be essentially 90 degrees out of phase with the decrease in the
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propul sion efficiency of the wake adapted propeller.
The adjusted angles of attack of the cross sections
w@bootlogrehd ade of the wake adapted propell er areCEIS2003035977
lower in the upper half portion of the wake to avoid
cavitation or stall and the resultant acoustic noise
AttorneysldockesNoc FEtM$15ost of blade |ift resulting in an
InventoroTerradde WnScheside i n propul sive efficiency. The anount

inflow vefocHyuséd b ehekithiten Thelléficiehart bf thd'wake i ffe @hbodiment of the
attaCk of the wake adapted propeller so as to be

. . essenti.ally 90_deqgr out of phase wth the decrease
m"en‘mpﬁ?‘?Wé‘m g%si@gmﬁss PCT/ US2003/ 035977
Attorney's Docket No. FE-00615 Inventor: Terrance W
Vehiled dhvé iifusoatededndoddsyribed tedpisfertdieemboditments ofimy invention,
deficit part of the wake in the enbodi nent of the

o . . . . < - . L h L
vis o QBRGNS BB o TR AR i Bbn N gorctore
my invention, it is to be understood that thesg are
do not wislp &bbe lintitedtoithe prreisendetaidbuiset iforth but desirg to avaid msrsgHeof such
do not wish to be Iimted to the precise details set

changes#id! d]ter{rﬁﬂns%%?%iﬁﬁn%ﬁ@Pﬁr\}ﬂx%%ffth@folﬁ&%iﬁg dhamnges and
alterations as fall within the purview of the

follow ng clains. 23 WD 2004/ 096638 PCT/ US2003/ 035977

Attorney's Docket No. FE-00615 Inventor: Terrance W

Schmdt |IN THE CLAIMS 1. A wake adapted propeller

drive nechani smfor delaying or reducing cavitation,
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sai d mechani sm conprising, a hull having a bow and a
stem a wake adapted propeller having nultiple,
w0 d@andesas | y confi gured bl ades extending radieCT/ySionsomso77
a hub and nmounted for rotation at the stem of the hull
SO as to be rotatable in a wake produced by the
AttorneyfsdDovketNoDFE@0605 t he hul | through the water, and
hventor;vvln‘sﬂﬁicewfsnhnadponventi onal propeller nmounted for
INTHE [ﬁmg in a plane aligned perpendicular to the axis
ow of t he vvake the angle of attack of a cross
’ sec i 0 ropel.l er bl adge st,. be .bel ow a certai.n..
L. Alpgke famied DroBeieh e auerhanm 10t efoying of Teebict vitation,
critical radial portions, cavitation and cavitation
sa_idmecﬂ@hi@mcﬁmghlsingﬁd loss of |lift as the cross section is
rotated through the wake, said nechani smi ncl udi ng

ti ans unt the wake adapted propeller
a%)l:ljlrh &g@ﬁw@v@ég{éﬂg that is inclined to the axis
of flow of the wake and which skews the drive shaft )
ao¥altehaxlaptadepragelecih ving peiltiple, Elentealls configured hladesieatending

a horizontal plane, and wherein the angles of attack

radially Tlforﬁ Q‘EI Blaiﬁem(’}ﬁ d félelg;télg&ﬁ; atQfle tsﬁ'i"n‘é?glﬁe ﬂﬁlg% &8 to be rotatable

er are a Juste sal d skew drive
shaft to be bel ow said upper |imts for., 24 WO

in a wakeqregdooszsthedorvanbmetion of the huhl tlgpngl the watateandyo.

FE- 00615 Inventor: Terrance W Schm dt correspondi ng

wirgéial farQf édr%ﬁu@ﬁalslﬁb?elmemﬁte@ et raraeReid £plaie aligned
not tO pr oduce cavitation or cavitation noise, or

perpendlcu?ar toatﬂéJI a!ci%sosf

f?ow of the' wake, the angle of attack of a cross section of a
propeller blade must be below a certain upper limit in order to avoid, in at least certain
critical radial portions, cavitation and cavitation noise, stall and loss of lift as the cross
section is rotated through the wake,

said mechanism including mounting means which mount the wake adapted
propeller for rotation in a plane that is inclined to the axis of flow of the wake and which
skews the drive shaft of the wake adapted propeller sideways of the hull in a horizontal
plane , and

wherein the angles of attack of the blade cross sections on the wake adapted

propeller are adjusted, by said skew of the drive shaft, to be below said upper limits for
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2. The mechanismdefined in claim21l wherein the anount
of said skewis effective to prevent any cavitation
wo pooangseprart of the wake until the angl es of aPCHUK2003/035977
produce incipient cavitation at other portions in the
rotation of the wake adapted propeller through the
AttorneyisalReckeBNo AFed618dapt ed propel |l er drive mechani smfor
Inventord@k@yiceVoSchngidtici ng cavitation, said nmechani sm
tadlidlborfosy idl iceAlerdtion! eller So RONoO @duce
correspds‘fftélgﬂrign’ a %trut c?r:ﬁielcltcgd Gt:o tﬁlaleﬁ?gp of the hﬁlI@Fp and
.. .holding t.he hull submerged in, the water beneath a
CaVltau%?%angtﬁEPF n@t?ﬁe%?ﬁaﬁeﬁnaﬁ@?s%\“\}gke adapt ed propel | er
having nultiple, identical configured bl ades extending
radially froma hub and nounted for rotation at the
stemof the hull so as to be rotatable, at least in

ar | n.bot 0 . ' .

2 PRt et SRR Yo AR B AP Rt W effecive o
deficit, upper portion of the wake, and wherein, for a
prevent any eavitationdn anyqeet oftherralet untilithbe angles of etta¢lnpeoduica ecipient

al i gned perpendicular to the axis of flow of the

itatioiP tﬁﬁ'ﬁo KeOxf ﬁﬁﬁ%ﬂo an&t th
cavitati prop&%ﬁﬁoﬁegggﬂn{&lﬁ%e ef%\?v%é gertgl n pger |tlh%)l%ghi ne
order to avoid, in at |least certain 25 WO 2004/ 096638
wake. PCT/ US2003/ 035977 Attorney's Docket No. FE-00615
I nventor: Terrance W Schmdt critical radial
3. A%il&&ﬂﬁ{pt&ﬁyﬂ Heodri % theeBxmismatfop delaginicor widatingasa@itation,
| oss of Tift ggéthe Cross section is%otated thrgough

] the.deficit.?ortion of the wake,
said mechanism comprising,

a symmetrical hull having a bow and a stern,

a strut connected to the top of the hull and holding the hull submerged in the water
beneath a water craft superstructure,

a wake adapted propeller having multiple, identical configured blades extending
radially from a hub and mounted for rotation at the stern of the hull so as to be rotatable,
at least in part, in both a wake produced by the forward motion of the submerged hull
through the water and in a deficit, upper portion of the wake, and

wherein, for a conventional propeller mounted for rotation in a plane aligned
perpendicular to the axis of flow of the wake, the angle of attack of a cross section of a

propeller blade must be below a certain upper limit in order to avoid, in at least certain
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sai d nmechani sm i ncl udi ng nounti ng neans whi ch nount
the wake adapted propeller for rotation in a plane
wao bat/ o938 ncl ined to the axis of flow of the we&keuszwd3/035977

whi ch skews the drive shaft of the wake adapted

propell er sideways of the hull in a horizontal plane,
AttorneyaTdookkicNei FEt0061angl es of attack of the bl ade cross
Inventor:S€efranca 3V oSchinkidt wake adapted propeller are adjusted
critical rAdia$ ?bﬁioiis,eéu\afatfomndrqa\fﬁaﬁmﬁbisbpsmn ahallew ¢faifd as fieeeross

l[imts for corresponding radial portions of said

scction 1 S0l el ecprtccosion o 48 WakE rhe mochani sm

defined in claim3 wherein the cross sections of a

sdidanechahisnh éncludilng moapirdnpampwhichrmount the walre alapted
radi al portions of the blade are constructed to have

(X . .
propeief Ok S EOBE 5 1P HcApEg W I IEbEYBF O Uk S o which
of the entire blade as it rotates_all the way around .
skews thegrdtivehshailiy lof thewakekdaptsd propellee sideniayaof e aldin a horizontal
claim 3 wherein the adjusted angles of attack of the
plane, afid 0SS sections of the bl ades of the wake adapted

"“propel ler are enough greater, in the lower half

portion of the wake, an .the effectjve angl es  of
whereinithe angles of @H@@ﬁ?f gwgala ¢R98$ pestions ondig fyake adapted

substantial increase in propul sion efficiency of the

propelle&*@i‘@acgds’;teﬂ saidsledw of thefriWRhAPOW BI6E3% said upper limits for
PCT/ US2003/ 035977 Attorney's Docket No. FE-00615

cores L7 i PR RLFR st s B el oo SE A FORIR e
cavitatic:noor cavitation noise.

4. The mechanism defined in claim 3 wherein the cross sections of a blade of the
wake adapted propeller in the various radial portions of the blade are constructed to have
an adjusted angle of attack which delays cavitation at each cross section until the
inception of cavitation of the entire blade as it rotates all the way around and through the
wake.

5. The mechanism defined in claim 3 wherein the adjusted angles of attack of the
cross sections of the blades of the wake adapted propeller are enough greater, in the lower

half portion of the wake, than the effective angles of attack of the conventional propeller

to produce a substantial increase in propulsion efficiency of the wake adapted propeller.
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the wake adapted propeller in the deficit, upper
portion of the wake and wherein the anount of skew of
wo bw4dodese shaft adjust said angl es of attack BOT/ES2008035977
be ninety degrees out of phase with the decrease in
the inflow velocity caused by the strut. 7. The
Attorney’isddeket Non HEfQ00&3 i n cl ai m 3 wherein the adjusted
Inventor:afigrace W. Shhddk of the cross sections of the bl ades

6. Phe leehigikm dsfaiided dM4iaPs Wirkeiarte sedtslotsehe iglow ivelocity to
the deficit portion of the wake, to prevent inception

the wak%%@q%%%’ E)at I n}éﬁ{ g%tchlﬁljé;it:ﬁRéeFr ﬂé}%&gﬁ of tltleh\rwgiég g.nd twrheerein the

amount of skew of the drive shaft adjust said angles of attack so as to be ninety degrees

out of phase with the decrease in the inflow velocity caused by the strut.

7. The mechanism defined in claim 3 wherein the adjusted angles of attack of the

cross sections of the blades of the wake adapted propeller are reduced enough, in the

deficit portion of the wake, to prevent inception of cavitation or stall as it rotates through

the deficit portion of the wake.

27



