; e3el v\ >6t Tk~d SELF- ACTUATI NG FOLDABLE OBSTACLE SYSTEM ON HYDRAULI C
LI FTI NG BODI ES BACKGROUND OF THE | NVENTI ON 5 The i nve
generally to hydraul ic lifting bodies such as the bla mm@m“ mn@
0
ﬁpgnethods fir

propel l ers, hydro-i;urbines, punps) fins, or rudders
| i ke. More speC|f|caIIy the invention prOV|des appar at us a

preventinb or reducing cavitation noise and erosion o g bodi es.
10 Cavitation on the surface of a hydraulic lifting bammmmmmy mwlse and
erosion of that surface These are causqd by the formation apse of
bubbl es adjacent to the surface due to pressure changes asoPHE fluid flows
over the lifti dy sheet
cavitation andggzltb)@%%qg-{pﬁg%buﬁ%ﬁ@@&?@ﬁiﬁ%‘ﬁﬁ%%@ﬁ% surface of
the 15 hydraulic lifting boqyygnggingmglquﬁgugqu[i s. The bubbl e cl oud
may contain thousands of tiny bubbles. These bubbl es’ coIIapse of ten causes
significant broad-band noise and surface erosion A re-entrant bet over the
surface of the lifting body causes periodic - . shedding of such a bubble
cl oud under a thick she®ACHKGRQUNDOF &rERINAGHENIOODEt travel s forward
over the surface of the body at a speed on the order of the inflow of fluid

over tdie body 'f‘h'éQne@ﬁﬁ@ﬂtrela%s Bé'ﬁcri‘a'ﬂg tfor}ﬂmrhﬂﬁcq{fﬁngfbod_lczs qg, spsteady
sheet cavity to the | eading edge of IT"fting body triggers the sheet

cavity's |l ap a resu the,sheet .cavit t off im,the vicinity
of 112 el SR mATRE LEeUrs pBTdRG i e UReEy T ity TR Bl ec
downstream as a cluster of bubbles called a cloud cavity or bubble cl oud -
d O oud cawvpsasndrhedys. bloconpechicaldy bhe obstrddiresrondesheppardtacainst t he
lifting body. Such obstacles can reduce or elininate noise and surface
erosi on Vheohédy fdahiaR it et redabinG Aitdhe dolsd hagdee@Bsirmehesucgause an
undesirabl e increase in foil drag and the effici ency of the lifting body is
t her eby rlegucego%hus) if one or nore obstacles are provided on the lifting
10 body, Ptation conditions the noise and erosion as well as dr ag
can

10 Cavitation on the surxface of a hydraulic lifting body causes noise and
erosion of that surface These are caused by the formation and collapse of
bubbles adjacent to the surface duc to pressure changes as the fluid flows
over the lifting body. The situation is most severe when unstcady sheet
cavitation and a bubble cloud (cloud cavitation) occur on the surface of the

15  hydraulic lifting body under operating conditions. The bubble cloud may
contain thousands of tiny bubbles. These bubbles’ collapse often causes
significant broad-band noise and surface erosion

A re-entrant jet over the surface of the lifting body causes periodic
shedding of such a bubble cloud under a thick sheet cavity. The re-entrant

20 jet travels forward over the surface of the body at a speed on the order of

the inflow of fluid over the body A re-entrant jet rushing from the end of



be reduced. Wen the cavitation conditions are renoved, though) the

conti nued presence of the obstacle or obstacles increases drag and reduces
the effectiveness of the lifting body Such obstacles should be renoved,

t herefore, whenever cavitation is not occurring_ 1~ It is difficult to
determ ne, though) just when a lifting body such as a propeller or a

hydr o-tur bi ne bl ade m ght experience cavitation. it is thus quite difficult
to determ ne when the obstacle is hel pful to reduce cavitation noise and
erosi on, and whepaily sbhoutabipeta Brolced ipedgr ebther Lfrig bodnbypegersi de
difficult) too, to determ ne where on the lifting body's surface the re 20

entrant | efhost thviRFeToRYpsdshacd asulf, Akt dedet FathOE & LONSIT 0 th8&idihithi Ng
body where the re-entran? j et does not appear are of little or no use even

if one culd predic¢t cayuati condi t.i ons corgsect | bstacl gs on the
lifting bddy™s q%a%aﬂ% eé@% |?5? i fﬂ%?‘ﬁnf?%%%\%}?efﬁ%vﬁﬁ Wy "Hody under
conditions that do not cause cavitation. Many |ifting bodies such as
propcel | erdow redes mfashy divstert afrthibide bt adthelsa aloadr avattyeer ebblercjoud gh speeds,
noreover) and it is very difficult to install servo-control devices or the

like-tg controlciblig avita@Ranes: 88¢ohermNal byobbsasleacdreshd eturfadehflthéting
bodi es under operating conditions. Furthernore, sensors are required on the

lifting bogdy. to, provigde i nformation aboyt e ' cavitati is
oCCuUrri ng?ﬁxﬁgehg@i sggfh t%@?@%sr &7 loer&{llcrer\pl\ér& 0\%1 glﬁggﬁgﬁﬁ%%g}rﬁld%ﬁ&e@ ods for
provi di ng renovab] e obstacl es selectively on hydraulic Ii fﬁi ng bodi es under
10 cavi t atreoR oYihen §A¥IaEABHS A9h REALTES Hbanghpkhese phstaclengadendtve, and
effective in operation, The apparatus shoul d provi de obstacl es pl aced

appr opr i atug@ldgs@abldéndrehéd g foddyrapuahdctheuafiRieragvof ahé diftimgndady ans.
Those obstacl es should then be renoved fromthe surface when cavitation is

not in ef t s+, Tha. lLnyertiqn. vid 1 . t A0EF wi ||
be. 15 appracichy adayshL Yy PR LSk RPN off BEGvIAPHAN ACREEE |
SUMVARY OF THE | NVENTI ON I n accordance wi,ith the invention, a foldable
obst atd e Hedy.cender emavatin conditionsdhkempise radeapsians wWell peodingeeihy
unst eady sheet cavitation ~0 on a hydraulic lifting body The fol dabl e
obst acl e Hevicdaiced. mMWihéedthat cavitatibnl corslitibis rare removedyy thdikglci thw
11~c~,' . 7~1~~" )rtW-i'il :1 ~~~~";W1 ~~r;,:Cot; 7~CI117C =1t1l.iw.
continued prescnce of the obstacle or obstacles increases drag and reduces
the cffectiveness of the lifting body Such obstacles should be removed,
therefore, whenever cavitation is not occurring.
15 It is difficult te determine, though, just when a lifting body such as a
propeller or a hydro-turbine blade might experience cavitation. It is thus
quite difficult to determine when the obstacle 1s helpful to reduce cavitation
noise and erosion, and when it should be removed for greater efficiency It
is difficult, too, to determine where on the lifting body’s surface the re-
20 entrant jet will pass by Obstacles provided in locations on the lifting body

where the re-entrant jet does not appear are of hittle or no use Even if one

could predict cavitation conditions correctly, obstacles on the lifting body



r'~"nilsi I, ,"i;~~ ..l r~l~"1 "~~s"~[~ )11 t"'~ ~r"1IIlill~ r;1l1l~vl~:
~l =~y b~~~ 71 1}~~~ 4 fol dable obstacle device is lifted from
the cl osed position and noved into the open position by the occurrence of
the re-entrant jet, to block the re-entrant bet and reduce or prevent cl oud
cavitation The fol dabl e obstacl e device may conprise a plate which is
pivotally nmounted adj acent the surface of the - - 5 body at one edge

t hereof The obstacl e device may be substantially perpendicular to the
surface of thésbbdy-and trounted osor thali fipgdadiomdse pddereforidlosieh
orientation) when in the open position The fol dabl e obstacl e device may
have one or.nm¢echeathgr - INTkayfik@RRs KRt edidhhes §98psite@dlddesest épdrdrom an
edge t hereof opposite the pivoting edge The rc 10 entrant jet blows up the
feather-llke th_an_ini ) e q C y the
initial drlv?%g($§%%%Bf%?%egh%%%ﬁm 13 bég ?5&§%J§§€“’ qud?ﬁ§gﬂ?§ open,
the re-entrant jet also exerts force on the obstacle device The for _ques
caused by faoffzailbnto t installssaricecayplc edeynepst e i thiet ldre dva veargrelortde
further open the device to the fully opened position. 15 The hydraulic
liftingsbodyresitehave a:dl rmaduAly o8f ckidraclksl dablachbsiftiake bdawscamderhi ch
devices nay be mounted at different locations on the surface of the body or
may be nou X e evi ce
"% mapal SVECt paERopa i R B o e bt e SR B ORI A RBITT

ot her obstacle q%élc s 20 The hydraulic lifting body h~a | ea ding and
trailing ed§@3oy Fﬂﬂ%PWéhQuW?’CPﬁ“ﬁkﬂBeﬁeﬁﬁ@t%WQ%“%%§HHV§€~tIon t he
of ;st~~~l e device ig located a.t a dist;~nce of 35-~0% of the chord Iength
fromthe | eadm Aedged ofxitize thothfpre, ﬁ)raimﬂpmveﬂeaqahhwaa; andins¢thnde fof
approximately 37/0 of the chord lenbth fromthe | eading edge of the body,
for optinu i b devi ce
have a he|3%5§§§$%§fﬁﬁg éﬁd%gﬁgggéfkﬁgﬁ%mﬁ{GEqﬁgﬁg?hbgggh ?XRgégﬁﬁgggf t he
chord Iength Preferably) the obstacle - 5 eV|ce has hei ght whi ch As

gr eat et Ut hARVEHEOR KPBRIERRS oPUPR TS SheuIdcke AHAP{Ce JRCXRERF Y e

t hi ckness of the sheet cavity, for optimumresults. A preferred arrangenent
for nounti affeatiyd unabpdénptom. t hNEhebsp@olagus should provide obstacles placed

appropriately on the hifting body surface under cavitation conditions. Those
obstacles should then be removed from the surface when cavitation is not in
cffect.  The imvention provides these and other advantages, as will be

15 appreciated more fully in connection with the explanation below

SUMMARY OF THE INVENTION
In accordance with the invention, a‘feldable obstacle device 1is
provided for blocking a rc-entrant jet produced by unsteady sheet cavitation
20 on a hydrauhc hiftineg bodv  The foldable obstacle device 1s mounted at a

cvertace of too hody and vz movable between a ddosed poation at the < face

( T };-")-1\, g;;-l N pen }‘1]\"1{}.’)]) [")A[r““djnl" (:HE\\‘:!-“\' from Il‘(‘ }‘u)rl‘, ':'}1(‘



devices alon; a conmon ahis on the i~ody utilizes an elongated groove in a
first one of the opposite surfaces of the body. The groove extends

| aterally 10 along a portion of the body at a Location internediate the
opposite leading and trailing edges A plurality of gen™rally cylindrical
hubs are rotatably di sposed, end-to-end) within the el ongated groove, and
each has a shaft extending fi~oma firgt end thc~r~o and a hole in an
opposite second end thereof for receiving the shaft of an adjacent hub.
Each of t hidldalids ohatacde d6vde fif &rftedt fromethef clasqul poslibhyansk nplvad estahent ed
thereon to formthe obstacle devices. Rotation of each of the hubs within

the el ongajd 959048 W()Ltclﬂ?req{(‘,@toﬁ tWRIre e rit $a DJ4RE ?(ﬂll)ltobﬁrtﬁ@'}e%tti‘ﬁﬁn a

cl osed position in whirch an external surface of the plate is generally
continuous with the surface of ,the body.and. an n itipon,in which the
plate is g’éﬁéPalrﬁguﬁ%PbBﬁ%‘ie@ﬁI%ﬁu Ba‘i‘ggttl% lﬁp#ﬁﬁ@b6$8$ﬂgcﬁowl%@a§r oove
provides a clearance fit for each of the hubs therein so as to prevent

movelLUent oimmtiee pl plads Wwhiadnis phietaPynmpunted-csadendr thef surfacd mf sibeh
arranger ~; ents according to the invention, the obstacle devices or plates

are clgsedyay Bkupsle TdD¥ QUBFediNe THY TRGEa ¢ dAEHYyT bEMshlgaheadyng
edge, for low drag i n the case ox non-cavztatzon |dowever, in the case of

cavitation, the.re-enfrgnt jet wi flaws from the,end,of the 5 unsteady
sheet caviiyPeRRSHAY {?e eeﬁ’dfftﬂ@e 8&359 c?f)%?" HB“{)W’E Flaval tciaﬁéw#lz? ces

whi ch nove the obstacle plates into the open positions, thereby bl ocking

t he re-entmeyad peyoxedméupﬁwmtiah@nowlmmgmathﬁmelrypp@@m ndhehioldwhlse and
surface erosion that mght otherwi se result. 10 BRI EF DESCRI PTI U ~T OF THE

DRAW NGS bbgtakld 8cviconspaate vae \or aibf fed t Rndlirblflapslhblihtid flegyohayi ng a
plurality of fol dable obstacle devices in accordance with the invention,

ith th b I ' ' [ d_f ashi | atvjye.to th
body for atars EgraR HFners aliantia Rt gPatite LR BN Bk PIhBE” Ve
Vi ew, gartly in cross-section) of portions of the body of fi i

i | | usl® at entraondetblosyrgapshe feahcrdiseiigps Wé&lh&nilﬂiji%lﬁi?ibiﬁg.tfgt@:a’ Thei ces.

l~g 3 is a cross-sectional view of the body of F~g_ 1 illustrating the

?g?gfre i N oviguencauded- Bntthanhitil dprattéase abrécdi dpal the iobisturlé ae@fret 0
Once partially open, the re-entrant jet also cxerts force on the obstacle
device The torques caused by force on the obstacle device and the initial
driving force further open the device to the fully opened positio;l.

15 The hydraulic hfting body may have a plurality of the foldable
obstacle devices, which devices may be mounted at different locations on
the surface of the body or may be mounted along a common axis. In either
cvent, each obstacle device is movable between the closed and opened
positions independently of the other obstacle devices

20 The hydraulic Lifting body has leading and trailing edges and a chord

length Tn accordance with the inventwon, the obstacle device 13 located st a

distance of 35-50% of the chord length from the leading edge of the body,



20 the obstacle devices toward an open position and thereby block the re
entrant bet Fig 4 is t~ perspective view) partly 111 cross-seC|Oi, of
the body of Fig 1, showing three of the fol dable obstacle devices in the
open position so as to block the rc-entrant jet F~g_ 5 is a perspective

view, partly in cross-section, of the body of 5 Fig. 1, illustrating the
manner in which sone but not all of the fol dabl e obstacl e devices nay be

opened depending, ~n the | ocation of the re-entrant jet on e I{fting body
DESCRI PTI ORI ORI BREFERAED ENBODRNENTI T 1y & e rihe |CEPB& ?ﬁt’bﬁ}lﬁ‘é’m t he
surface of a hydraulic lifting body is not cavitated there is r_o

r e- ent r anttheeleadtheneddee obythdr bodly,c fdr bpiingunodssuwdfrer afdditundgly, certsai n
operating conditions) however, the unsteady sheet cavity and the cl oud

cavity car,apneas (809 {tﬂ#}? O%H{afﬁ,ﬁefgﬁ%fce tﬂ?ﬁzeb&%igh?‘x@?@hQHd%l%f%L&fég ?ﬁhse dge

caused by "a re-entran et noves upstream (towar

of the body). {rozxz the end of the unstea sheet .cavity, Wien the

re-ent rant""gl’é\i1 et hesstal Eo%ﬁt%o Fl}é‘htci‘f’ﬁg%‘? ' né)r@édégly’ tt%EU?IQSt?‘Hﬁ sheet

cavity off The cut off part of the sheet cavity then noves downstream as a
- clusteb ofddvidebhesadaligledwaid sugreatan tharotheatholidss ofl thedeThermbieite cl oud
may contain thousands of tiny bubbles, avhose col | apse can cause broadband

20 noi se apdh REs Qﬁaﬁfeﬁlfghfscgﬁeésua;ffaﬁes&fen%Q@iti?,yfaa-ggkﬂngmgﬂ fedsbftg body After

the cut o, C11 SI71~11 eet cavity on the'|eading edge wll grow again
o1 9131 SRl SR S L T LSS Pl it ol 8
t he | eadi ng edge of the body This process can repeat indefinitely, or until
condi t i onslevmadrdowe at @rement 2tk om te botgatilzes sm elasgdestgidowd inna det ai |
bel ow, the present invention provides a 5 hydraulic lifting body with a
sel f - act ugirkNgnc botHARBLBo SRS batfaBe SYEtRIbLIARL. The groove extends laterally
10  along a portion of the body at a location intermecdiate the opposite leading
and trailing edges A plurality of gencrally cylindrical hubs are rotatably
disposed, end-to-end, within the elongated groove, and each has a shaft
extending from a first end thercof and a hole in an opposite second end -
thereof for receiving the shaft of an adjacent hub. Each (;f the hubs has a
15  different one of a plurality of plates mounted thereon to form the obstacle
devices. Rotation of cach of the hubs within the elongated groove moves the
plate which is mounted thereon between a closed position in which an
external surface of the plate 1s gencrally continuous with the surface of the
body and an open position in which the plate is generally perpendicular to
20  the surface of the body The groove provides a clearance fit for each of the

hubs therem so as to prevent movement of the plates beyond the open

positions thercol



systemincludes a plurality of fol dable obstacles or plates that rotate
outwardly fromthe surface of the body to block the re-entrant jet if and
when it occurs, thereby preventing or substantially reducing noise and
surface erosion The obstacle devices are designed so that when the re 10
entrant bet flow noves forward over the body ( which occurs at a flow

vel ocity of roughly the sane order as tgat of the inflow velocity) over the
body, feather-like flaps on the obstacle devices arc lifted up fromthe
surface of the IBGUFPTHEPREPELRE REPE n&ctpitﬁﬁ 1aﬁele%@w%&<ﬂéf@ﬁmég‘ffqeaps from
the re entrant jet acts as an initial driving force Torque produced by this
initial 15rdslavéngré aledopenSuidhéosbstvacike denfaesoothpltatiesirasr sben as an
obstacle device is partially open and thus projecting out fromthe surface
of the bogyaqihBeeds: o8 IAN1adeliCafk ERRNOEABhLahbolbe BddierohstRe! e

devi ce |tséT or qué applied Both to the obstacle device and the
feather-like flap act.to further open.the obstacle device until the device
is fully 6pEhed &Hﬂ“ﬁﬁ@%zﬁmﬁﬂ§ﬁ€“6$nﬁﬂﬁt8U§P§cﬁ%wae&98bt cSﬂ%ngtﬁe
approximately normal to the surface of r.hc lifting body The re-entr;~m; et
i s bl oTkednbteadyeshbrtt colity dewiok thedeadmgotdgeovt thobodg ereatasulifinag ' r he
re-entrant ;et cannot. reach a | ocation 9 near the | eadzng edge of the

body, andgdes which BveCthe Sstadlbepiabeetin€A\thé Yoptin tpoaitidisi dHe@sbys a
result, cloud cavitat~on is suppressed or extensively reduced Noi se caused

of i mi nat eBSKITE ¢hE t55eTahaetme Pl i of riURyAi Y deflbletboony

then change so that they are no longer_ favorable fox cavitation) the force
of the fl npigefinshwinga¢oerosonuthad might dtherwishaeswlddi ng edge of the body
toward the trailing edge closes the fol dable obstacle device so that the
obstacl e device does not disturb the fluid flow unnecessarily 10 Wg. 1
shows a hydraulic lifting body 10 which extends laterally between an outer
end 12, and which has a | eading edge 14 and a trailing edge 16 The body 10
has daf) upper surface BRIBEDBECRIBAIONOFoTHE DRAWANEXD0. The upper
surface 18 has curvature equal to or greater than that of the | ower surface

20, and i~ thup;genatal | porthectt W RIE SSTUL Sh M raliBicSHERh @ hodlydBa0fngd Be body
10, if the angle of attach a is positive for a symretric configuration, or

? - ' . : .
’t a>ao f;?lrurgliEVOQf ?c}fdagiterc)lb%ta(cqg r(‘i%%lrc%g )m accordance with the invention, with

the obstacle devices being shown in enlarged fashion relative to the body for
clanty of illustration
15 Fig 2 is a broken-apart, perspective view, partly in cross-section, of
portions of the body of Fig. i, illustrating onc arrangement for movably
installing the obstacle devices.
Fig 3 is a cross-sectional view of the body of Fig. 1 illustrating the
manner in which a re-entrant jet produces an initial driving force to rotate
20 the obstacle devices toward an open position and thereby block the rc-

entrant jet



configuration, where ao is the angle of attack for zero lifting force and
is negative for a non-symmetric configuration and zero for a symetric
configuration The body XO may be, a g., a blade of a marine propeller, a 20
hydra-turbine, or a punp, a fin or rudder of a ship) or another hydraulic
lifting body The body 10 noves through a fluid to create the desired
lifting 10 action |IJnder normal conditions, the fluid pas~eq over the
body U fromthe | eading edge 14 to thé7trailing edge 16 Thi s enbodi rent
i nci udes a sel fFect4at itngFrieroEp aevhPRAHY als GOsent 20BNt fiac 319&&0 ur f ace
18 of the body 10. The system 22 includes a 5 plurality of foldable

obst acl e dewi deshekufd giee Jd4hadolladie bhsthble dppers isurfeagyerlBoofiohlw body
10 Each of the plates 24 has a plurality of feather like flaps 2(~
ext ~r ~di nb_J \ar | ion froma trailing edge of the plate 24 In
t he enbodi%%ﬁ%gggﬁzpégéf%fﬁgﬁgggther-like flaps 26 are generally
semcircular in_shape. lii other enbodinents, the feather-gine 18 fH@ps may
be rectangul ar ,FiggPates PPESPESOYYANCW sBATUEIIR FostarcOduntl the bad¥rof or of
any ot her shape appropriate to the flaps' function as described herein As
can besSedfg. InilFagratinghehephairesr2id ahiclhauniecebut mot odldl odrthei fddaldleong a
common axis extending in a lateral direction across the body | U Opposite
end cover , . L : . to
ecur ot e erh SeTRES TSy 95 SneRHiRRREndg 87 ehy ot er Y bl D
secure the end covyers iﬁ in place on the upper surface 18 of the body 10
Each of tH%t%?ék%ﬁ'éﬁg 8e%t es i ndependent|y of the other plates to open or
cl ose against the lifting body 10 - In operation, fluid fl ows over the body
10 fromthe | eading edge 14 to the trailing edge 16 Wen there is no 20
cavitation, or when a sheet cavity is not severe enough to produce a re

entrant let, the e emain_i eir pontions as
shown zn Fy | Theﬁm¥§ﬁéN&thﬁséﬁEg&ﬁggﬁmbWIo not
di sturbed by 11 the plates 2~ and the feather-like flaps 26, because the

exterp@l surfad@hewffluideflphases the-shefave ofl schydeadulie liftikg it i0hot he
upper surface 18 of the body 10, and the feather-like flaps 26 are flexible

and very thiRae choh1ab! £ HRsbisha Joi COMAN ch S AdiaRRUBLAT on the

operates under certain operating conditions, however, the unstcady sheet
cavity and the cloud cavity can appear on the surface of the body. The cloud
cavitation is causcd by a re-entrant jet, which moves upstream (toward the
15 leading cdge of the body) from the end of the unsteady sheet cavity When
the re-entrant jet reaches a location near the leading edge, it cuts the sheet
cavity off The cut off part of the sheet cavity then moves downstream as a
cluster of bubbles called a cloud cavity or a bubble cloud The bubble cloud
may contamn thousands of tiny bubbles, whose collapse can cause broadband
20  noisc and crosion on the surface of the hydraulic lifting body After the cut-
off, the small sheet cavity on the leading edge will grow again and gradually

reach 1ts maximum length  The re-entrant jet wall re-form and move agamn



5 so as to Vie- disposed at the central portion of an area of posse-'.~
savitation along the lateral direction of the body 10 so as to achieve the
best effect. Location of the plates 24 in this manner acts to extensively
reduce cavitation noise, although an unsteady cavitation nmay extend over
the entire |l ow pressure surface of the body 10 in its lateral or span-w se
10 direc.-tion. It is also desirable tg nount the plates 24 at a central

| ocation op the bod 0 because the thickness of the bod 0 i,s large
enough 1o HEEonHotA 61 FHauroliat ity shphrat 1S Por™ He Pratesead s fibibody 10
has a chord | ength between its leading and trailing edges 14 and 16 The
posi ti ons «f théebqalyat e$his-prbcessheac hepdanimdetinrtedt,i on Watihrcenpgrtedrer abl y
at a distance of approximately 35% 50% of the chord | en~h, nmeasured from

t he | eadi P o {] agating the plates 24 at 37% of the
chord Ien&%ﬁggggﬁﬁéﬁgvﬁgg fh%&gggg}fégﬁés been found to reduce the noise

| evel s nmost effectivel X aI.thgutgh Io?ati og of the plat es 24 at of her chord
| engt h di st anceas cHPCEIbed PRdteiart helorsi 8¢ BYwiens o IR g Ty HERAT a
arrangenment of the self-actuating, foldable obstacle system ?2 mwhich the
obst ache dexdresdicdiftipigabedy Mtlamesalbactvedifefoildadépehstewte systam odhal onb a
comon axi s extending aloe .; the body 10 An 12 el ongated groove 32 is

formed ~. Wkiumt HR10QCY al Qlupdlstyl Sf CRldRA: MOLEEAAEs SEC 1 2fesS hAS rbfute
rotatably Seat. a plurality of generally cylindrical hubs 34_ Each hub 34

prat o~ - bpastht B3 dfte Sy racige B BAk T Bock shenBkenfRRtog 95

tire feather-like flaps 2E> nounted thereon (not shown -Aai Fig. 2). Each
hub 34 hasvkemshbfacc8E, erebyditcvpntingnon sabeinntibr aeflueing potsat abfly
received within a hole 38 in an adjacent hub 34 A shaft 40 at the left end

of the obsuatlce &¥sicaMm FThcasbiaeledevited e Aeeigiddso ithto whéwlthe3R-i N a
| eft nmost one of the hubs 34 to facilitate rotating notion of such hub. A

right,40 t_.Qne.o h bs j { ' e shaf 6

t her eclz) rg? gltaaql {? td{lg%oglé%gw tiog‘l%%ﬁg ngg&%zbgﬁiﬂ(gﬁhgﬁl?ﬁﬁﬁg’ g?\dgof?m?he

el ongated groove 32 The ogposi te covers 28 heIP1 to secure the arrangenent
A

of fol dabMelosHstfcraeddyitbessagpe graeras thapiof hp ipflewhyalpcty) oxesbhet he
groove 32 is configured so as to rotatably retain the hubs 34 therein and

to defi nebadiSenthiathbadkpkion thefustade deofces hee pftadespy PronAsh@suefauét) each
of the plates 24 is rotatable through an angle of approximtely 90 between
a closed ,fhe body The hfting force acting on the feather-like flaps from the re-
entrant jet acts as an initial driving force To-rquc produced by this initial
15 dnving force opens the obstacle devices or plates As soon as an obstacle
device is partially open and thus projecting out from the surface of the body,
the re-entrant jet can then exert a force on the obstacle device itself
Torque applied both to the obstacle device and the feather-like flap act to
further open the obstacle device until the device 1s fully opcned and the
20  plane of the obstacle device becomes approximately normal to the surface of

the lifting body The re-entrant jet is blocked by the obstacle device and

cannot move further forward 'The re-entrant jet cannot reach a location



position at the upper suuace 18 of the body 10 and an open position in
which the plate 24 extends outwardly so as to be substantially
per pendi cul ar to the upper surface 18 of the body 10 20 Referring to Fig 3,
when an unsteady sheet cavity 44 is fully devel oped on the body 10 a
re-entrant jet 46 appears The pressure WIlthlll the sheet cavity 44 is the
saturated vapor pressure P,,, which ~s qalwa~ s 13 | ower than the pressure
of nearby f7nd 1'hc re-entrant )et 4G is conprised of runnin5 fluid. The
Cet 26, 1 G hiedoatigct o ihemii bhe ek Ha 1Y 8056 L 61k Go Tt 6aMg edge
|4 of the body 10, and does so at a velocity on roughly the sanme order as
that of the thatfdoestidherst heeswt eabudnta vt 10461 saghessdder Bxterfsatdler - | i ke
flaps 2G the jet 46 blows the feather-like ::aps 26 upward and produces a
force Fo qpahhg T eqlieralidf bl @RSc188d chbsyt B us aeperatad: Bydtihigggor ce Fo
causes some rotation of the

pfates 24 Once each plate 24 1s partially
opened so as.to ext.enq ou V\B.{ dly fromthe upper surface 18 of the body 10,
the re- entMafce jegpsigwlatgely €ligpgiede on the plate itsel f The torques 10
caused by the forces on the plate 24 and the initial driving force Fo act
to fur§her opeif theoptmitmPdonditiohs ifér tlse hultaulopbfieae bndy dhpn ckbnge el y
normal or perpendicular to the upper surface 18 of the body 10 Wth the

plate 24 qpengd fhay! AeSnbABRLONKaddtabR) #echNioption ! ke FScBNUf &Y flugd 46 so
that the jet 46 cahnot nove further forward to a |ocation near the |eading

edge 14 apd 15 canpot cut,off the sheet cavity, 44 r .t he | eadi,ng, edge
Accor di ng?&‘?,w%g o’ﬁ?dg&%\ﬁsflﬁl Moird itfrsonf)r@\?eiﬁdganbrcyd&ft %‘223%105\3“ r Lomgd%e noi se
caused by a cloud cavity i s reduced and surface erosion. of the body 10 is
| ar gely érdihngatded Gewesude foldaldpabstddde deviceesy thatpthst ebsiaaleadevied| dabl e

and rotate to the closed position in the case of non-cavitation, the

hei ghts ofipédfodRteD B AQiCHGw Dhtesaldly then in a case where fixed
obstacl es are provided on the surface of a body AS SOON 2i5 the plates 24

di stu the flogw of filuid fromthe | 4 th r~tl.moy. edge
(i o#d)t he bodgﬁ%ofl ﬂ?‘”&’%é’ @5?@3@1‘“: #@%@E%&ﬁ?{#ﬁﬁ%k eﬁ?ildfgolraé%mglryoduced
by the flow closes the plates 24 For this reason, the heyht of the plate9
24 can bebgeregeantdiser kpdkhbsandhipk hes edesding ¢dge b6 anddattmailing ckness
of the sheet cavity 44 ~xperiznentation can be used t.o determ ne the ideal
pl at e hei gite Alot erfat buéy y)O e an upper surface 18 and an opposite lower

surface 20. The upper surface 18 has curvature equal to or greater than
that of the lower surface 20, and is thué generally the low-pressure or
15 suction side of the body 10, if the angle of attack a is positive for a
symmetric configuration, or if a>ao f{or a non-symmetric (cambered)
configuration, where ao 15 the angle of attack for zero lifting force and is
negative for a non-symmetric configuration and zero for a symmetric
cox’iﬁguratmn The body 10 may be, e g., a blade of a ;arlne propeller, a

20 hydro-turbine, or a pump, a fin or rudder of a ship. or another hydraulic

hifting body The body 10 moves through a fluid to create the desired lifting



~-- thickness of the re-entrant jet 46 and the thickness of the sheet
cavity 44 can be observed experinentally. A still further nethod of

determ ning the optimum height of the plates 24 is to predict the thickness
of the re-entrant jet 46 and the thickness of the sheet cavity 44 using
nunerical nmethods. It is preferred that the obstacle device have a hei ght
when in the open 10 position which is gtgleast 1 2-2 0 % of the lifting
body's chord I ength, though this wll depend sonewhat upon the

char act er i &ttias  bndar parmiaé gpaditionst thrgllpsdyasicd avRe the bedy LR Segnthfl uch it
noves. Fig 4 depicts a condition in which all of the obstacle devices or

pl ates 24 laaumebedstr f4tkd vhe otaalieg ctige tBe open position The re-entrant jet
46 lifts 15 the feather-like flaps 2B to produce the initial driving force
Fo The initial i.V1 . e Tt es I, 120100 - opened
plates 24 to ro at eélﬁ %&lgl?%ﬁelgl% 4d%lo§t5\§%ﬁ%kﬁp{;§88bgﬁ8%%§i (tﬂ?%?l%ﬂagssﬁs IJ%)lwn in
~b_ 4 The_ plates 24 cannot. be _rota::ed further, because e. cunfiguration
of the el oirg&PetNGredE %lzfi‘ﬁee\}gn‘?fgtlﬁ%ﬁ@df’nlgheq‘@ﬁa‘?ﬁﬂt%mo% F’rncj.ijuciﬁs al | of
the plates 2(1 24 are open because the re-entrant jet 4ti extends across

al | of 5t helpeslityi of$oldhablee obbigicid dbere@bdrapmlbodt etbuntt8 m ghd upgdeust r at es—
a condition in which sone but not all of the obstacle devices or plates 24
arc open 1.5 i1 HW, t ,athird
o the. pl LR B e I e B B e T
this figure extends only.across the posifions of the first t - | at es
24 and Hot ol RREOEHAT T & SAEH RS diebionriant faraliny cfBent I ol ose
i ndependent|ly of each other, and take their effect only where necessary

Sel f - act ualteg 24f ol ldatthe obbvdichentspftBigs hethe deathardikheflips &6t isom can be
designed to suit the particular surface of the hydraulic lifting body 10

W th whi chehBeMlRseniarAtled inVEARY € I8 §iHeradhbYdhePRStthe! Ratied-ERS Of

pl ates are provided, they need not necessarily be of the sane site,

al thoygh a common, si ze or shape can be choesen for s=npli.city. In {he

G bodt en BSSRRT Bd eRETEUS T SOHRTE dPRPSA0Ra REoB TRRrEl SR GBS SH bl at es

24 are nounted along a common axis. However, the obstacle devices or plates
can 15 beonolianedther sharfcerrmopliasate the flops'tiuachoassidpseyked dicaeinon about

different axes if desired Al so, the shafts 36 and the holes 38 can be

hem spherical @k can be seen in Fig 2, the plates 24 arc mounted to fold or pivot

along a common axis extending 1n a lateral direction across the body 10.

Opposite end covers 28 arc mounted or; the upper surface 18 of the body 10

15  to securc the obstacle system 22 with 1ts plates 24 in place. Fasteners 30
secure the end covers 28 in place on the upper surface 18 of the body 10

Each of the plates 24 rotates independently of the other plates to

open or closc against the lifting body 10- In operation, fluid flows over the

body iO from the leading edge 14 to the trailing cdge 16 ahen there 1s no

20  cavitation, or when a sheet cavity 1s not severe enough to produce a re-

entrant jet, the plates 24 remain in ther closed or folded positions as shown

m Fig 1 The flow field on the surface 18 of the body 10 1s not disturbed by



ot herwi se curved in shape in order to nount the plates on a hydraulic
lifting body that may- he skewed, tvcostod er r<~ked _ The cl ose cl earance
it between the hubs 34 and the walls of the 20 el ongated groove 32
constrains the notion of the hubs 34 mthe radial direction relative to the
body 10 alld allows the hLIbS 3~t to rotate relatme to the hndl- 1() won
wt houC the ~hZfts 36 arid ~0 :~m the Bqles 38 and 42 16 The cl earance
fits between the shafts 3G nud 40 and the holes 38 and 42 nmake the system
more rel i adieen!aponed emdaihsoleatoar-bike thips Hppereatd Brsexeraphsupecesed r abl e
to utilize bearings where the various shafts and hol es are connected to
facilitatetHchelagdesit edveot aihvanale hvehenbf bhd nppegsuidfabe 18hd thelbody
actuating, ioluu ole obstacle system 22, with its obstacle devices or

plates 24.)¢s, shauncln &0kel Gl EASVGT il ahid eglyonte body 10 for clarity

of illustration. In actual practice, e system Wwth its obstacle
devices or plates 24 is usually suhstantjall~r smaller relative to_the body
10 than is indikks &ddableiahstaqlydewises or PhtesBérarelBoyRinday thy bwﬁséul@s 24
axe preferably made of material that is Iight, hard, tough) and resistant

t 0 er 0si orsoadltd BtiditioseABS fHeasdiitgalzpomicaat ahl e naifqrosalbls aavitatiyn
applications- The feather-like flaps 2G can be nade of a ~.oxi'71le material

such as. Tefibon ha XS ALY RMHOAITBALy 9 LN8s | BVANIEAN cheDeBpeftagescr i bed

15 herein pur poses o ration.” The 1nvention is not limted to

this enbodi mrent, though, ,and meroys and di verse changes, . nodi fications)
or additi apRYy BE t#r%dé)l"bgfst ﬁgsén oﬂﬁ”§ kRannes afke é?te’gﬁeflﬁ’d’g‘t?y d&H4CR i ng
substantsally ~orr~ the nvemions basic principles The tr ue scope of the

i nvent i on cakdatidnbeodet edtfioved, anhenefeady, cavritataon lpapyextehdr evareth® t he 20
appended clains) along with the full scope of equivalents to which those

PO o ke g ght o e L B i
10  direction. Itis also desirable to mount the plates 24 at a central location on
the body 10 becausc the thickness of the body 10 is large cnough to
accommodate the rotating apparatus for the plates 24,
The body 10 has a chord length between its leading and trailing
edges 14 and 16 The positions of the plates 24 in the chord-wisc direction
15 are preferably at a distance of approximately 35%-50% of the chord length,
measured from the leading edge 14. In particular, locating the plates 24 at
37% of the chord length from the leading edge 14 has been found to reduce
the noise levels most effectively, although location of the plates 24 at other
chord length distances can also reduce the noise level N
20 Fig 2 shows an arrangement of the self-actuating, foldable obstacle

svstem 22 1n which the obstacle devices or plates 24 are mounted for

independent rotation along a common axis extending along the body 10 An



produced by unsteady sheet cavitation on a hydraulic lifting body, the

fnl dabl e obstacl e device being nounteu nc a surface of the body and bei ng
novabl e between a cl osed position at the surface of the body and an open 5
position away fromthe body, the fol dable obstacle device being lifted from
the closed p~sif.,ion and noved into the open position by the occurrence of
a re-entrant jet to block the re-entrant,. jet and reduce or prevent cloud
cavitation 2 A fol dabl e obstacl e device according to claim1, wherein the
obst acl e ddvhgeteidsgsubsthts &rimedenpendibeubaty 16, nhd wsurifrsed wfcrrhe body
when in the open position and is nounted so that it cannot be noved beyond

the open pQgstibhad ad b rbeldabl Qeélp§tyﬁ§i'ﬁit?ed@ €3NP Rerical Hidisnd4l,
wherein the obstacle device conprises a plate-like device which is

pivotally nt e jacent t syrface, of the.body . =~ dabl e ohstacl e
e acediaingope EhaReae dire atihidng: Houblés TRqmtit T B iafipt
mallltcd at a first edge thereof and hrrs a 18 plurality of feather-Ilike
flaps ext eddgernd thearate sdoompostigdratmpestceotfpmshtathddfhassa phaedits A

hydraulic lifting body having a plurality of fol dable obstacle devices

accor dgng dfahel fakbhds-1i MO ATApsN26 heowhteB ek Yor0{ndtoklabh € 0Pt apl eEdeNi ces
bei ng nounted at different | ocations on the surface of the body and each

bei ng rr4qvabl etween chosed and.open positions i ndent f ot her
ones of tﬁéu%plse&r a‘ls'\t,\g %fatt‘to?ga%%%n%ﬁ% zlc S K"ﬁyéggﬁq%?ch?@f%‘#%g%bl ody
according to claim5, wherein the plurality of foldabl e obstac|e devices

ai ~e nountreerivek withist 2 hgledddran adiasapt huboifhoft @aft 49 at hedeltaemd ¢
lifting body having a place-like obstacle device pivotally nounted adjacent

a surfaceofthé bestaytly sstém 22 bt vitgvdabity F0 2asctbod bentioo Ablee3d &t wdeft- a
cl osed position in which the device is generally continuous with the

sw. face OE?&J?%A%OQM@QLI% 3@%{*@9&&%&99&5&%%&%&J}es&hdﬁms.ce«\ ‘%ﬁ{}ﬁﬂds

outwardly fromthe surtface of e bo In résponse to a re-entxa bet at

th f f the _bod
¢ S% a(r:neos(t); one eof t%eyhubs 34 as viewed in Fig. 2 has the shaft 36 thereof

rotatably disposed within a hole 42 at a right-hand end of the clongated
groove 32 The opposite covers 28 help to sccurc the arrangement of
foldable obstacle devices or plates 24 within the body 10. Also, the groove
32 1is configured so as to rotatably retain the hubs 34 therein and to define a

15  rotational himit for each of the plates 24 As a result, each of the plates 24
is rotatable through an angle of approximately 90° betwcen a closed
position at the upper surface 18 of the body 10 and an open position in
which the plate 24 extends outwardly se as to be substantially
perpendicular to the upper surface 18 of the body 10 -

20 Referring to Fig 3, when an wunsteady sheet cavity 44 19 fully

developed on the body 10, a re-entrant jet 46 appcars The pressure within

the sheet cavity 44 1s the saturated vapor pressure P, which s alwayvs



19 A hydraulic lifting body according to clam 7, wherein the body has a
chord length and a | eadi ng edge, and the obstacle device is located ,~t a
di stance of 35-50% of the chord length fromthe | eadi ng edge of the body 9.
A hydraulic lifting body according to claim8, wherein the ~ obstacle
device is located at a distance of approximately 37/ of the chord I ength
fromthe | eading edge of the body 10. pghydraulic lifting body according to
claim7, wherein the body has a ¢ org Ieng&@ and the obstacle devic

ext ends upREPAERAY thepEpesuseof acaript lupd Hdgyr s AaReIgnio whiXAPTIEeSt | east
1 2-2 0% of the chord length. 11 A hydraulic; lifting body according to
claim7, whenenimgaflahkeTheaati 4§ flofvsancediracnon fiaknbdssridmysedde 1heo surface
of the body when cloud cavltat~on occurs at the surface providing a

re-entr a”gh& Téa&ﬁa%d%ggltgéf“tﬂehﬁ | £6,5a.44 dBEisé%fa%&o&?y %Egro%ggl/ pand the

obst acl e device eXte outwardly fromt surface o and has a
hei ght which is greater th t he, thi ess of the re-entrant jet. and |ess
than the ERDEKTAEE &5t Liiedlotheotnllon tc‘éﬂenzt@ef?-wwma‘aﬂ e 1epthgsnbheody

according to clamr, wherein the obstacle device is pivotally 11101111ted

at a frsfesttigelikheilmof 26 djihrceht46t Hlewsurtfeafeatlodr-hhe {lapkt 26 gpbody sand
extends to an opposite second edge thereof so as to be generally continuous

with the Sihiaee AMfPe T $01ene 02GErINS NEPH 26> TRE dYihdgentRGbydynb at
| east one feather-like flap extending fromthe - second edge of the device

so as to be generally continuous wth. the rf en in,the clpsed

posi ti on. Bi%?orﬁ‘e r@d?%‘fﬁeib S f‘?ﬁ?&(ﬁo‘gj@h}ﬁg!ﬁ#{j? tﬁ}b"r@a‘f%}‘ﬂéﬁ‘%ﬁ% Bin each
of the feather-like flaps is has a shape selected fromthe group consisting
of rect anpuitaxlly eperedeso as apextdrdhoutveandly &tam she aippsesurficedd efrthe4. A
hydraulic lifting body according to claim7, wherein the body has a

pluralitypedy thechal atendrbke j@sd agdies devi&esn tRepled iAsH1ACTRE tarfulsf ace of
the hydraulic Iifting body and each bei ng novabl e il ~dependently of the

G TR T s e e T T
the body further open the plate 24 until it is fully opened and approximately normal
or perpendicular to the upper surface 18 of the body 10 With the plate 24
opencd in this fashion, the plate blocks the re-entrant jet 46 so that the jet
46 cannot move further forward to a location near the leading edge 14 and
15 cannot cut off the sheet cavity 44 ncar the leading edge Accordingly, cloud
cavitation 1s prevented or extensively reduced The noise caused by a cloud
cavity is reduced and surface erosion of the body 10 is largely climinated
Because the obstacie devices or plates 24 are foldable and rotate to
the closed positl_on in the case of non-cavitation, the heights of the pla\tcs 24
20  can be greater than in a case where fixed obstacles are provided on the

surface of a body As soon as the plates 24 disturb the flow of fluid from the

leading edge 14 to the trailmg edpe 16 of the body 10, 1n the case of non-



conprising an elongated groove in a first one of the opposite surfaces
earendlnQ laterally a Ic>ng a po?~trcn of ; he L~ody at a | ocation
intcrnmedrate the opposite lea<llng and tralllnc edges, a plurality of
general ly cylindrical 21 hubs rotatably disposed, end-to-end, within the
el ongated ~roovc and each having a shaft extending froma first end thereof
and a hole at an opposite second end thﬁ{eof for recernr~t; the shaft of an
adj acent hub, each fé%he huei hav % of a pIHrallty aé ate nmount ed
t hereon, rGVHELGR. £ Grodereonky HiBSTON L AP ¥ SlYhgatbd & novi ng
t he pIate nount ed t hereon between a closed position in which an external
surface ofrcafien,pllat @cightgehenalplyteso ivanobs twiteenhiref thisknese obfthe he
opposite surfaces of the body and an open position in which the plate is

general | y \perpend fé‘t"zt@faﬁ&t}ft@?hkkﬁéés &%e@hée'@%a@ﬁ_pqﬂ tExgé&ﬁfn%%%n@xfx the
body. 15 16 A hydraulic lifting body accordin; to claim15, wherein each

shaft is rotatable t hin the hol a jacent . hub whi ch it

recei ved $80t A&t U&sE hiop|dgter vy 5ﬁ€/ doﬁgtg\!@eﬁ ﬁ‘?fghél oslga LS iﬁ%si tions
t her eof independent of the other pia~es 17 A hydraulic lifting body

accor ding thumkokss of 1hé rewméraitet 6 gnddhe gndumatesofahel gecarmmentli 44 of each
of the hubs therein which prevents novenent of the plates beyond the open

posi tions camfce&ﬁscwcd%ﬁyétﬁaléhwwf %1 QQIIQQ@%&C&@EHM‘% Heteihfili gl Bhe Wher ei n
each of the' plFites |za~ | ast”. one eat mk ik | ap extendlng fionz an

out er edge here f osj.t e ch th ate Il 1C I ed, the
flap bei 28 329 E’g?ﬂ/h c%]ﬁtt‘fchgégﬁ% P C‘t Hee 1?% th%nLtop%%s ~re
surfaces of the body 5 when the plate is zn the closed p03|t|on 19 A

hydr aul i cl4ti4t ang thedyickaess of te sheaticavity 4% nsig pueericat methads-alpair of
covers secured on the first one of the opposite surfaces of the body at
opposi te engseRirddehpt Whal bbytacfe llebicet Batvot atlediblit Sehem eint RBe pbparal ity of

hubs within the groove 20 A hydraulic lif~:ng body which is subject to
for mafd Onpgsm%n which 1s at least 1 2-2 0 % of the lifting body's chord length, though
this will depend somewhat upon the characteristics of a particular hfting
body and the fluid through which 1t moves.
Fig 4 depicts a condition 1n which all of the obstacle devices or plates
24 have been fully rotated to the open position The re-entrant jet 46 lifts
15  the feather-hike flaps 26 to produce the initial driving force Fo The initaal
driving force combines with forces acting on the half-opened plates 24 to
rotate the plates 24 to the fully open position, as shown in Fig. 4. The
plates 24 cannot bc rotated further, because the configuration of the
elongated groove 32 prevents this In the example of Fig. 4, all of the plags

20 24 are open because the re-entrant jeu 46 extends across all of the positions

where the plates 24 are located



cloud cavity on a surface thereof if a re-entrant je t is pr oduced)
apparatus for mnimzing or preventing formatior_ of a cloud cavity

conpri sing means responsive to production of a re-entrant jet for bl ocking
the re-entrant bet 5 fromnoving forward on the surface of the body, and
means responsive to the absence of a re-entrant jet for allow ng unbl ocked
fluid fl ow over the surface of the body;g1 A hydraulic lifting body in

accordance with. claim20, wherein the bo has a,l eadi ng, edge and an
opposite trailing @dgéf“PF%iﬂcPPgﬂﬂﬁ %%V‘8BEEP§tG”%ﬁH¥%%8§U§¥%%@9 of the
bo;l: fromthe |l eading edge to the trailinb ed5e, and a re-entrant bet,
when pr oduted)esfdropbtoverd tireopem f dderokpéufibellys trodypf thomlatese?dl aoé an
unst eady sheet cavity in a clirect~on toward the |caclin~ ec;Jc 23 22 A

movabl e obgieach e, fon thist of Il RO delvihuldeal N RIbDOMe de:el ol dabl e

obs~acl e conprising: a Ing plate portion; a hub at one end of the

bl ocking plate portion;,and 5 nmountin tructure for. nounti the hub to
Che 1101 R HOtyob G AR HEVH GLRPAD SBPArEosbrks B ERmgr by S Bt Hben o
first position in which it is closed against the hydraulic lifting body and
a second pdaiesi Zhand nti hthat ti)fsthfpdrieg sashyp 1t tomithkeeplayel ddildpenl axd a. nb
body; wherein the .hub is nounted to the xnounting sW-ucturc so that a re

1~ entranf]dsgt iﬁa@wagn@%eroft BgcH 1 ftheRO BROYaBPPLAES BfffQr GRlY Owhige novabl e
obstacl e and ~.vhere~n the force of the re-entrant jet urges the bl ocking

plate portion to its opened position. 23 The novabl e obstacle of claim 22,
wher ei n tﬁ@c%$85%ing plate portion is substantially perpendicular to a
surface of the |lifting body when the blocking plate is in its opened
position. 24 Thellmniuptiarobydahis ebsnclel sistese acspglingriontie sovantial ng at

| east one feather-like flap nounted on the bl ocking plate portion at an end
(I p~JOsI Lean theeddsidied to suit the particular surface of the hydraulic lifting body

10  with which they are mounted. Where a plurality of obstacle devices or
plates are provided, they need not nccessarily be of the same size, although
a common sizc or shape can be chosen for simplicity. In the embodiment
described herein, a plurality of the obstacle devices or plates 24 are
mounted along a common axis. However, the obstacle devices or plates can
15  be mounted in different locations on the body 10 for rotation about different
axes 1f desired Also, the shafts 36 and the holes 38 can be hemispherical or
otherwise curved in shape in order to mount the plates on a hydraulic
lifting body that may be skewed, twisted ¢r raked -
The close clearance fit between the hubs 34 and the walls of the
20  elongatled groove 32 constrains the motion of the hubs 34 in the radial
dircction relative to the bodv 10 and aliows the hubs 3 to rotate relative to

the body 10 even withour the shafts 36 and 40 and the holes 38 and 42



24 25 A hydraulic lifting body having at |east ono novt~ble obstacle
according to claiml installed on the lifting body 26 The hydraulic lifting
body of claim 25, wherein a plurality of the novable obstacles are
installed on the lifting bodies = 27. Afluid lifting body conprising. a
fluid Iifting body surface; and a novabl e obsacl e conpnsiny a bl ocki ng
portion; and 5 nounting structure for npggnting the novabl e obstacle on the
lifting body so that the bIockin? pl ace portion is novabl e between a first
posi ti on i hbaneiehabrodks Mgtpican dbhgothdfon 361t 8ethdghe Astes A8 4ndiidd
lifting body surface and a second position mwhich the blocking plate
portion ismaRengd shRtavwayobé ealitbR, fouwiedcl i fAlkHOfRody i aurfgslesatiigr gi n the
novabl e obstacle is nounted on the |ifting body so that a - re-entrant jet

fl ow ng over the,lifting body lies a,force t h bl e cle;
wher ei n t R&%Y c?reccciaescl)]fabtl?lgoruceeﬁg‘ﬁtatgéor{tm {ise‘t"'hﬁ}'eg C 1 %relgﬁgc‘?g%ﬁ?r?gndpﬁg@% 6its 1
~ opened pGSIt:0Il, and 25 wherein the blochrzig Structure i:: ~,/i~e

opened posonpestedripdpeidriate Wie desiresl fdtationsl mheemenént rant bet over the
lifting body surface 28 ThE fluid liftrnb body of claim27) wherein the

—+ifting body hds Bigshory drengilhaan@ting, €6ldi.0B sigacleanidtaier®i withhgsno;
cabl e obstacle.is nounted on the liftrnb body at a distance of 35-50% of

the chor d dhengih dbLamL Lhe,|,2adbR0, L00%,BTint NALLIL BB W10 2By clbe f1 uid

lifting body of claim wherei’n the novabl'e e IS nounted on the
lifting body at di stance of approximately 37%of the chord |ength from
the | eadi %’Q‘yilédé)e%éifcll%l}ﬁ@’ of st thsdy [0 getustpaastich, &hpismervg %w%owfs claim
27, wherein the lifting body has a chord | ength, and wherein the novabl e
obst acl e ohstaeb: dpenedoppdatcs @4 exdandls sipwascidlpeatdier el tivg td oy
surface to a height of at |east about 1_2% of the chord I ength
body 10 than is indicated in the figures
10 The obstacie devices or plates 24 are preferably made of material
that 1s light, hard, tough, and resistant to erosion and fatigue. ABS plastic
1s a suitable material for many applications. The feather-like flaps 26 can
be made of a flexible material such as Teflon®
An exemplary embodiment of the invention has been described
15  hercin for purposes of illustration. The vention is not limited to this
embodiment, though, and numerous and diverse changes, modifications, or
additions may be madc by those of skill in the art without departing
substanually from the inventions basic principles The truc scope of the
mvention should be determined, therefore, primarily by reference to the

20 appcnded claims, along with the full scope of equivalents to which those

claims are legally entitled



5 31 The fluid | zfting body of claim3t), wherein the novable obstacle rn
t he opened position extends upwar d fromthe lifting body sux'face to a

hei ght of between 1 2% and 2_0% of the chord | ength "“flic fl~ ~~d
lifting body of cimm 27, wherein a sheet canty having a sheet C-IVity
thiICilleSS alld a re-entrant bet having a rc-cnirant jet thickness form
over the fluid lifting body surface undgf cloud cavitation conditions, and
wherein the biockinh portion extends outward fromthe fluid 5 lifting body
surface to a height that is gr eaterCLhAéM3 he re-entrant jet thickness and
| ess than the sheet ca.vitv thickness 33 The fluid liftinb body of claim
27) wher ei wishes apMakldesobstacle is nounted at a first end thereof adjacent
the fluid Iifting body surface and extends to an opposite second thereof so
as to be gener Iy contg fIU| t|n body s en the
novabl e obst acl ﬂﬁﬁgﬁgédﬁ%%%ﬂ ﬁ ke @?ﬁg ody of
claim 33, and further conprising at Ieast one feather-llke flap extendlng
fromthe spwdndeddye wisteddy wheablcevibsivache aohedrardichlifigendragyl ythe
continuous with the fluid lifting body surface when the novabl e obstacle is

—In the cl BRIINOSbEIRT ddvicdheitBanbhnted 4i htduigadeostytif bedpiafd2Beingher ei n
the fluid Itftzng body i ncl udes a plurality of the novabl e obstacles, and

wher el n ¢ N8qVRBN.E, 08 2| 2B R tBY bE bhe enanentd Koaf aqne ‘g%gaﬁfthe

36 ~ zuet ucéin I ON OVEer a ting
g body,

met hod _conprising flowng fluid over a fIOM/surface of the | . 2
wher ei R f IRORITHR AMEYf flepht}&/épdy,h@er foddallarabstacle slericeabarng @% foet ~ over
the flow surface; 5 interposing a novable bl ocking structure into the

re- ent r antthpefosed parigsh emnd micvbd htontlaf opdrepositiont anke peturevete vhe fl ow
surface 37. The nethod of claim 36) wherein the lifting body has a chord

re-cntrant jet to block the re-entrant jet and reduce or prevent cloud

cavitation

2 A foldable obstacle device according to claim 1, wherein the
obstacle device is substantially perpendicular to the surface of the body
when in the open position and is mounted so that it cannot be moved

beyond the open position.

3 A foldable obstacle device according to claim 1, wherein the
obstacle device comprises a plate-like device which is pivotally mounted

adjacent the surface of the body

4 A foldable obstacle device according to claim 3, wherein the

plate-hike device 1s pivotally mounted at a first edge thereof and has a



| en~h and a | eadi ng edge, and wherein the novabl e bl ocking structure is

| ocated at a distance of 35-50% of the chord |length fromthe | eadi ng edge
of the body 5 38 The net hod of claim 3?, wherein the novabl e bl ocki ng
structure is located at a distance of approximtely 37% of the chord | ength
fromthe | eading edge of the body. 39. The nethod of claim 36, wherein the
lifting body has a chord lengt)Z) and rein interposing the novabl e

bl ocki ng structure into the re entrant t. includes extending the bl ocking
struct ure pwaylify ofifetahked-Libw fhasfeatendmgafrdinst apcmd ¢dite therpel opnpsete] 2% of
tiic chord length. 5 28 4(7 The nethod of clnm 36, wherein a sheet canty
having a sheet,¢avbty thickne~ s is formed over the flow surface, wherein
the re-entrant bet "has a re-entrant bet thickness; and wherein Anterposny

t he novabl e bl ocking structure into the re 5 entrant bet includes extending
t he bl ocking structure away fromthe flow surface to a di stance between the
re-entrant jet thickness and the sheet cavity thickness. 41 1'he nethod of
c?ai m 36, W _nd¥ei n Amiydrpoke hiftingeodyviasiag sl phkiehgy offeldabler ebstaels t he
re-entrant jet includes pivoting the novable bl ocking structure at a first

ed ;e thatyd$.dsoubdddthd €8%i1AMmedoRhefNghb i plurABtPadyfol datdst sidadesecond
edge that .is Loward a trailing edge of the lifting 5 body away fromthe

flow surflce. 42 The nethod of ai m 36, .wherein i 0S4 abl e
Bl ocki ng éfervﬂﬁet LZPrcénig ﬁ?%“fﬁ?g ?Le@’g%tr?rétn&’cfg n|§r%’(r:1 I %&e%ﬁr?%%aﬁ Er}gej)%kﬁ'egﬁr%vabl e
bl ocking structure at a fosition in which the re entrant jet és ﬁir cted
agai nst a dacht bring| incwableapetwearpsloped 2w CAPeRoPPHEORS fIBLLRERIERYR H| ap
t hat urges the novabl e bl ocking structure toward an opened position; and

29 nt eppOSItRLr bheLotIRCKIRGIS! sTolditRe bbémacldie re-entrant. jet in a
COl~bLIr~t10I1 in ~L'"~ilt~I1 the re-entrant bet urges the bl ocking

structure nore fully toward the opened position

6 A hydraulic lifting” body according to claim 5, wherein the
plurality of foldable obstacle devices are mounted for pivoting movement

along a common axis

7 A hydraulic lifting body having a plate-like obstacle device
pivotally mounted adjacent a surface of the hydraulic lifting body so as to be
movable between a closed position 1 which the device is generally
continuous with the surface of the body and an open position in which the

5 device extends outwardly from the surface of the body in response to a

re-cntrant jet at the surface of the body



10 43. The nethod of claim 36) and ~r~thcr conprising positioning the
novabl e bl ocking structure in a configuration in which the flowng fluid is
di rect ed agai nst the novabl e bl ocking structure in a direction that urges

t he novabl e bl ocking structure to nove from an opened position to a cl osed
position 44. The nmethod of claim 36, wherein interposing a novabl e bl ocki ng
structure into the re-entrant pct includes interposing a plurality of

novabl e bl ocking' structures into the re-entr ant bet) wher ein the
plurality of mowabl eABydekihg li$ting botlyraesomh eg wo gkdni At whthanrtdednmdyant j et
by a force 5 applied by the re-entrant bet; and wherein the novable

bl ocking s t lhe., & e ant 1 clb €fovh wientlty of
one. anot her ™ Rag R RaP L o P e AT BN R e
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the feather-like flaps is has a shape selected from the group consisting of

rectangular, square, trapczoidal, semi-elliptic, semi-circular

14. A hydraulic lifting body according to claim 7, wherein the hody
has a plurality of the plate-like obstacle devices mounted adjacent a surface

of the hydraulic lifting body and each being movable independently of the

other obstacle devices.

15 A hydraulic Lifting body extending laterally betwcen opposite
lcading and trailing edges and having oppositec surfaces, the body
comprising an clongated groove in a first one of the opposite surfaces
extending laterally along a porticn of the body at a location intcrmediate

the opposite leading and trailing edges, a plurality of generally cylindrical

[Wa]
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generally continuous with the first one of the opposite surfaces of the body

and an open position in which the plate is generally perpendicular to the

first one of the opposite surfaces of the body.

16 A hydraulic lifting body according to claaim 15, wherein each
shaft 1s rotatable within the hole of an adjacent hub in which 1t 1s received
so that each plate may pivot between the closed and open positions thereof

independent of the other piates

17 A hydraulic lifting body according to claim 15, wherein the
groove provides a clearance fit of cach of the hubs therein which prevents

movement of the plates beyond the open positions thereof

18 A hydraulic hifting body according to claim 15, wherein each of
the plates has at least one feather hike flap extending fiom an outer edge

thereof opposite the hub on which the plate 1s mounted, the flap being
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the body at opposite ends of the plurality of hubs to rotatably secure the

plurality of hubs within the groove

20 A hydraulic lifting body which 1s subject to formation of a
cloud cavity on a surface thercof if a re-entrant jet is produccd, apparatus
for minimizing or preventing formation of a cloud cavity comprising mecans
responsiwve to production of a rc-entrant jet for blocking the re-entrant jet

5 from moving forward on the surface of the body, and means responsive to

the absence of a rc-cntrant jet for allowing unblocked fluid flow over the

surface of the body

21 A hydraulic lifting body in accordance with claim 20, wherein
the body has a leading edge and an opposite trailing edge, fluid flow
normally occurs over the surface of the bodv frem the leading cdge to the

trailing edge, and a re-entrant jet, when produced, flows over the surface of

5 the body from an end of an unsteady sheet cavity in a direction toward the

leading edec
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U& () -3 10% U& 49 - mBs 109048 O3B l08 Utk rdtton 8%0a hydraulic Lifting body,
the foldable obstacle comprising:
a blocking plate portion;
a hub at one end of the blocking plate portion; and
5 mounting structurce for mounting the hub to the lifting body so that
the blocking plate portion is movable between a first position in which 1t is
closed against the hydraulic lifting body and a second position in which it is
opened away from the hydraulic lifting body;
wherein the hub is mounted to the mounting structure so that a re-
10 entrant jet flowing over the lifting body applics a force to the movable

obstacle and wherein the force of the re-entrant jet urges the blocking plate

portion to its opcened position.

23 The movable obstacle of claim 22, wherein the blocking plate
portion 1s substantially perpendicular to a surface of the lifting body when

the blocking plate is 1n its opened position.

24 The movable obsiacle of claim 22, and further comprising at
least one feather-like flap mounted on the blocking plate portion at an end

opposite the hub
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25 A hydraulic hfting body having at least one movable obstacle

&

according to claim 1 installed on the lifting body

26 The hydraulic iifting body of claim 25, whercin a plurality of

the movable obstacles are installed on the lifting bodics

27. A flud lifting body comprising:
a fluid lifting body surface; and
a movable obstacle comprising

a blocking portion; and

mounting structure for mounting the movable obstacle

[}

on the lifting body so that the blocking plate portion 13

movable between a first position in which blocking plate

portion 1s-closed against the fluid lifting body surface and a

second position 1n which the blocking plate portion is opened
10 away from the fluid lifting body surface;

wherein the movable obstacle is mounted on the lifting body so that a

- re-entrant jet flowing over the lifting body applies a force to the movable

obstacle;

wherein the force of the re-entrant jet urges the blocking plate to its

15  opened position, and
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28 The flud lifting body of claim 27, wherein the lifting body has

a chord length and a leading edge, and whercin the mowvwable obstacle 1s

mounted on the lifting body at a distance of 35-50% of the chord length from

the leading edge of the lifting body.

29.  The fluid lifting body of claim 28, wherein the movable

obstacle is mounted on the lifting body at a distance of approximately 37%

of the chord length {rom the leading edge of the lifting body.

30. The fluid lifting body of claim 27, wherein the lifting body has

a chord length, and wherein the movable obstacle in the opened position

extends upward from the lifting body surface to a height of at least about

1.2% of the chord length

- 31 The fluid hfting body of claim 30, wherein the movable

obstacle 1n the opened position extends upward from the hfting body surface

to a height of between 1 2% and 2.0% of the chord length

."10% h& ()-f,

_@
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having a sheet cavity thickness and a re-entrant jet having a rc-cntrant jet

thickness form over the fluad lifting body surface under cloud cavitation
conditions, and wherein the hlocking portion extends outward {rom the fluid
5 lifting body surface to a height that is greater tham the re-entrant ject

thickness and less than the sheet cavity thickness.

33  The fluid lifting body of claim 27, wherein the movable
obstacle i1s mounted at a first end thereof adjacent the fluid lifting body
surface and extends to an opposite second thereof so as to bé generally

continuous with the {luid lifting body surface when the movable obstacle is

(Wl

1n the closed position

31 The fluid lifting body of claim 33, and further comprising at
least one feather-like flap extending from the second cdge of the movable
obstacle so as to be generally continuous with the fluid lifting body surface

when the movable obstacle is 1n the closed position.

35.  The fluid lifting body of claim 27, wherein the fluid hfting body

includes a plurality of the movable obstacles, and wherein the movable

obstacles are movable independently of one another
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the fluid over the flow surface forms a re-entrant jet over the flow surface;

5 mterposing a movable blocking structure inte the re-entrant jet (o

interfere with flow of the re-entrant jet over the flow surface

37.  The method of claim 36, wherein the lifting body has a chord
length and a leading edge, and wherein the movable blocking structure is

located at a distance of 35-50% of the chord length from the leading edge of

the body

38 The method of claim 37, wherein the movable blocking
structure is located at a distance of approximately 37% of the chord length

from the leading edge of the body.

39. The method of claim 36, wherein the lifting body has a chord
length, and wherein interposing the movable blocking structure into the re-

entrant jet includes extending the blocking structure away from the flow

surface to a distance that s at leasi 1 2% of tne chord length.
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40 The method of claum 36, wherein a sheet cavity having a sheet
cavity thickness 1s formed over the flow surface,

wherein the re-entrant jet has a re-entrant jet thickness; and

wherein interposing the movable blocking structure into the re-

entrant jet includes extending the blocking structure away from the flow

1]

surface to a distance between the re-entrant jet thickness and the sheet

cavity thickness.

41 The method of claim 36, wherein interposing the movable
blocking structure into the re-entrant jet includes pivoting the movable
blocking structure at a first edge that is toward a leading edge of the lifting

body to extend a second edge that 1s toward a trailing edge of the lifting

5  body away from the flow surface.

42 The method of claam 36, whercin interposing the movable
blocking structure into the re-entrant jet includes

locating the movable blocking structure at a position in which the re-
entrant jet is directed against a feather-like flap to apply a force to the

5 feather-like flap that urges the movable blocking structure toward an

opcned position; and
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43. The method of claim 36, and further comprising positioning
the movable blocking structure in a configuration in which the flowing fluid
is directed against the movable blocking structure in a direction that urges

the movable blocking structure to move from an opened position to a closed

position

(w7

44. The method of claim 36, wherein interposing a movable
blocking structure into the re-entrant jct includes interposing a plurahity of
movable blocking structures into the rc-entrant jet, wherein the plurality of
-movable blocking structures are urged into the re-entrant jet by a force

5 applied by the re-entrant jet; and
wherein the movable blocking structures are movable into the re-

entrant jet independently of one another



