NEW DES| GN FOR FLOAT - BACKGROUND OF THE | NVENTI ON Ig 5 -
|

Field of the Invention : The present invention relates gener

to fluid neasuring devices , and in particular, to floats used in Such
devi ces. -(2) Description of the Related Art : Fl ui d measuring
devices usually neasure the flow rate of a fluid in a conduit or the

| evel of liquids in vessels. In either typel of a device, a buoyant

object, <called a float, is use t@foAsself of the neasured
guantity or as a part of t he |n§m@§t l?‘k‘e]:'systecgrnxﬁtlﬁﬂ? ‘/é‘asures the quantity.
In sinple liquid level measuring systens, the float is subjected to static

conditions under the influence of gravity, whereas, in. flow
nmeasuring systens, the fluid_is_subj ected t ondi ti ons and
forces.  Consequently, the BPEEG FﬁgtgﬁQgﬁﬁﬁgﬁ floats will
change according to their use. L|qU|d | evel neasuring devices are

known to be used in many different applications ranging from measuring the

| evel of gasoline in an autonobile gas tank to nmeasuring the
(1) Field of the Invention

The present invention relates generally to fluid
ineasuring devicés , and in particular, to floats used in

such devices.

(2)-Description of the Related Art

Flt:;id measuring devices usually measure the flow
rate of a fluid in a conduit or the levc_al of liquids in
vessels. In either ﬁype' of a device, a buoyant object, .
called a float, is used as the indicator itself of the
measured quantity or as a part of the indicatof system that
measures the qﬁantity. In simple liquid level measuring
systems, the float is subjected to static.éonditions under
.the influence of gravity, whereas, .in. flow measuring

systems, the fluid is subjected to. dynamic conditions and

forces. Consequently, the required characteristics of

floats will change according to their use.

Liquid level measuring devices are known to be used
in many different applications ranging from méasuring the

level of gascline in an automobile gas tank to measuring the



-2- water level in a dish washer, or to neasuring the level of chemca
liquids in plating tanks on a sem conductor nmanufacturing line. Floats are
usual |y made of cylindrical shape although they can assunme nany different
geonetrical shapesincluding a prism or a sphere. Floats may be hol | ow

i nsi de and used at the end of a lever in & @istern, tank, or boiler to
regulate liquid |evel. Though they are generally sinmple in
constructi on, watiemttewel pinsendigtoashern ehel? Deagurdagerddiengleyeh of
whet her they are subject to static or dynam c conditions Under static
condi ti ons whetenieal f | biquidsi ndhcapdatiog | Haaksof athe ai gsemicandnctar
they reside, they nust be stable enough not to tunble over when subjected
to disturbancanuirttwsipel 1iner Hlvedls ;aiee Sovaliysmadeaescydiadrical
encountered especially when a float used to neasure flow rate of a fluid
under fl owi ng sharman altbodighi ditvey Asapbjassumg smanyd did fareasttabyreonetirical
tends to return to its original equilibriumposition when slightly

di sturbed. Whehapesli swclbding, at patisins o extsphexie f Flsptslisayvirbe hodlow
float, therefore, a restoring force nust exist within the system of
forces acting ioside didatsed abstheeend 0D atlevergimad cpstetnpntankph ar
fl oating object, the systemof forces is conprised of a buoyant forcé
acting upwardbeoitleough ndgilate liquid level.

Though they are generally simple in construction,
floats do present problems in their usage depending upon
whepher'they are subject to static or dynamic conditions.
Under Static conditions where they float to indicate the
level of the liquid in which they reside, they must be
stable enough not to tumble over when. subjected to
disturbances such as jolts or vibrations. Such disturbances
are encountered especialiy when a float used te measure flow
rate of a fluid under flowing dynamic conditions. An object

is said to be stable if it tends to return to its original

R ")

equilibrium position when slightly disturbed. When a
.~ disturbance, that is an external force, disturbs the float,
therefore, a reétoring force must exist within the system of
forces acting on the float to restore it to its-origina{
position. On a floating object, the system of forces is -
cémprised of a buéyant force acting upwardly through what is

known as the center of buoyancy, and the float’s weigh



known as the center of buoyancy, and the float's weigh

-3- acting downwardly through the center of gravity of the float. For a
totally subnmerged float such as in neasuring flowrates, the float will be
stable if the tenter  of buoyancy is above the center of gravity. In the
case wth a partlally subner ged object such as a float indicating the
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"because of the phyS|caI changes wal ls _of the

t.
one particul’®Veti &f aft k?‘?‘%‘ét °d‘lev3r3c‘éub‘il'scﬁ?§se%i Shi8s Pg?ﬁntthaﬁ: 28‘9@9&"/
the vertical novenent of .the float ipsjde a stanqglpe in a di shwasher EF
i npeded becadygageeyhét@aqg}qhyg point, called the metacenter, must be

above the center of gravity. The metacenter, as is well
known by those in the field to be an extension of buoyehcy,
center, will not be further defined here as it does not
directly pertain directly to the key aspects of the present
invention. Suffice it tio say that the stability of the float
must be ascertained -for proper usage in either the static
mode as a level indicator, or the dynamic mode as a flew

rate indicator.

The problem of stability of floats arises when the
fluid properties change because of process conditions,
: (e.gl, change in the viscosity), or simply because of the
physical changes on the walls of the float. In one
particular prior art float device discussed in US Patent
4,289,154, the vertical movement of the float inside a
standpipe in a dishwasher is impeded because of.the buildrup“
of food.‘particlee and detergent scum on the float. To

overcome this problem, it is proposed in the same patent a



of food particles and detergent scumon the float.- To overcome this
problem it is proposed in the sane patent a

-4- provision for.utilizing the flow of liquid to clean the float. In
still another application of liquid |level floats in dishwashers, US patent
5, 365, 969 discloses an inproved float 1@ prevent over-filling.. In this

I nstance, the float is provided with a skirt and a slit which woul d
prevent the pidowdsiforonfaghertiizing hdheot fbawnaf diduAd diehwdesn t the
t hus preventing the over-filling. I n anot her application where an
annul ar fl oatflwiatth adimsstilileanophard agpdicatdloaf 0f iXiquidi evelkefiloatsS
Pat ent 5,294,917 that because of the amount of gumry nmaterial that usually
devel ops bet vimendisieswasbeds, sUI§ apatent the363,869 adilschossbafan fimpréwedt
cannot rise due to the buoyancy alone. A magnetic means is provided to
overcome thélioiedioreprevént heverofilliggpat dmt thizsoinaianteo thiesélosss
a float with inner surfaces, but without arns, that noves up and down a
col um and t&a%ngpvidﬁiawbththeskiﬁtehmﬁ &fﬁiﬁﬁlﬁhiQhemwmldaPryvehtough a
sliding contact on the colum. In other words, the latter disclosure
el egantly difScmtisfmomvadbéening tbodhe Wiottom maldhich the éighwatétrytub
difficult toinstall in tight places such as in the gas tank of a car.
thus preventing the over-filling.

In anqther.application where an annular float with
arms slides up and down a shaft, it is disclosed in .US
Patent 5,294,917 that because df the amount of gummy
material that usually develops between the inside surface
of the float and the shaft, the float cannot rise due to the
buoyancy alone. A magnetic means is provided to overcome
the impediment of thé float. US Patent 5,259,245 also
discusses a float with inner surfaces, but without arms,
that moves up aﬁd down a column and thereby in&icates the

level of the fluid electrically through a sliding contact on

AN

the column. In other words, the latter disclosure elegantly
.- discards conventional floats with arms which are especially
difficult to install in tight places such as in the gas tank

of a car.

Whiie the prior art described above addresses some

specific problems associated with the operation of floats,



Wiile the prior art described above addresses some specific problens
associated with the operation of floats, '

-5- encountered with floats in general, and with floats having an external
surface in particular. Figs. la and I b+ show such a float used as a
liquid level indicator, and a flow rate Lndicator, respectively. In Fig.

la, liquid level (20) in reservoir (10) will rise or fall as nore liquid
enters or |enceantevedewditiojfloats | bat generaln Apddybeknflppe hpping
connected to reservoir (10) as shown in Fig. la will also rise and fall

cor r espondi mejty exterinedi cansfacei dn epartiowlaren Figsal i br a8 sl e SH0Y
say in feet or nmeters, such as shown_in Fig. la. Sinmilarly, in a pipe (70)
wher e there $uchf povflsiat i waed, as cat ligeidwileredodnddgiale 2Rty Ratfdloway
in feet per mnute Qr neters per second. However, in either one of the
cases shown Fatei §pdicater,1Fespeddyadebn Yhef1Experi end@UdA d@FiedondDt or
manuf act uri nf line.that with 1iquids such as photo-resists and

H err] SO errin, reseanvoizo) 1§t vildestiglsi 0z &@ldr ask e Aidwid enkgrscidwe

pi pes (50), (70) and indicate erroneous readings. What is

needed, therkéaves theardssmvaiawi de Hteathg(4@h inngnoweddacendnbige at3®n

that wll accomobdate high
connected to .reservoir (10) as shown in Fig. la will also
rise and fall correspondingly and indicate fluid level (20)
on a calibrat.ed scale (50), say in feet or meters, such as
shown in Fig. 1la. - Similarly, in a pipe (70) where there is
flow of liquid, float (40) will now indicate flow rate, say
in feet per minute or meters per second. However, in either
one of the cases shown in Figsl. la or 1b, it has been the
éxperience on semiconductor manufacturing line that with
liquids such as photo-resists and H,S0;, , float (40) gets
destabilized or stuck in their respective pipes (50), (70)

and indicate erroneous readings.

What is needed, therefore, is a float device having
an improved configﬁrat’ion that will accommodate high
viscous.fluids and other destabilizing conditions. It is
disclosed in this invention that the float surface (100) as:_
shown in Fig. 2 for better viewing, can be modified to

provide the stability needed for reliable operation of float



vi scous fluids and other destabilizing conditions. It is disclosed in this
I nvention that the float surface (100) as shown in Fig. 2 for better
viewing, can be nodified to provide the stability needed for reliable
operation of fl oat : - 6- (40) in pipe
(70) adjacent to gap (60). It is further disclosed that in addition to.
| nprovenents that can be made on float devices having an external surface

(100) workipm) adi agepe t @707 exdgasehtga (@R ageehewnItn iE g fuihidroat

devi ces having an internal surface working adjacent to i nternal gap as
descr'bEdl&aéﬁlééﬁﬁatﬁgtbﬁn'@H&%ﬁ%&n to improvements that cehWM¥BRm e THE
| NVENTI ON I's therefore an object of this invention to provide
a float de\ﬁﬁefh‘é&'tn%@ﬁéé@r B9 ngX &L nékté@ﬁ&l“%ur%&ééc?lé@) MY King
fluid levels. I s anot her object of this invention to prOV|de a
-f1oat deV'é‘&Ji@é’ﬁE‘Qté”ah”@ﬁ’éﬁaﬂtééﬁakswrlé*s“%h'i#frfaﬁ? Fog. ”Eas‘frl%JH ui d
flow rates. Is still another object of this invention

provide arlie.‘i?‘i"'c'.':'é'sﬁ<5‘r1'aav1919c{1I nl 1 KfcefhfRt siterdce WA Hdjacent to

internal gap as described below can alsc be improved.

SUMMARY OF THE INVENTION

It is therefore an object of this invention to
provide a float device having an improved external working

surface to measure fluid levels.

It is another object of this invention to provide a
- float device having an improved external working surface to

measure fluid flow rates.

It is still another object of this invention to
> provide an annular, collar-like float device having an

improved internal working surface to measure fluid levels.

It is yet another object of this invention to provide
" an annular, collar-like float device having an improved

internal working surface to measure fluid flow rates.



ismproved internal -working surface to neasure fluid | evels. It is
yet another object of this invention to provide an annular, collar-Iike
fl oat device having an |nproved i nternal working surface to neasure fluid
flow rates. -7- I n accordance
with the aforenentioned objects, there is provided a float device having
an i nproved external working surface with an outwardly concave curvature
and a plurality of elongated grooves spirally formed on said concave
surface. I n accordance with the aforenmenti oned objects, there is
al so provi ded an afiulagcoxdince - wikb th@a@ﬁﬂﬁﬁmgﬁuﬂﬂnaﬁy0bﬂﬁ¢tﬁwobhere
I nternal working surface with an inwardly concave curvature and a
plurality ofisel pngaidedgraovEboatpiderice f drawihoonagai dmpoavede sxtérmwal
BRI EF DESCRI PTI ON OF THE DRAW NGS The objects and features of this
i nventi on wwoblrkisgpnsurfppar erittinoar oudvardlir aancaengenyvaturke ahat aal ed
plurality of elongated grooves spirally formed on said

concave surface.

In accordance with tﬁe aforementioned objects, there
is also provided an annular, ceollar-like float device having
an improved internal working surface with an inwardly
concave curvature and a plurality of elongated grooves

spirally formed on said concave surface.

BRIEF DESCRIPTION OF THE DRAWINGS

The objects and features of this invention will become
_apparent more readily from a reading of thé detailed

'description in conjunction with the drawings that folléw:

Fig. la is a schematic drawing of a prior art float

device indicating the fluid level in a reservoir. _ -

Fig. 1b is a schematic drawing of a prior art float

device indicating the fluid flow rate in_q pipe.



;deséription in conjunction wth the drawi ngs that follow Fig. la
is a schematic drawing of a prior art float device indicating the fluid

| evel in a reservoir. Fig. 1b is a schematic drawing of a prior art
float device indicating the fluid flowrate in a pipe.

- 8- Fig. 2 is an enlarged and two-di nensional view of float device
of Fig. I|b. Fig. 3a is a three-di mendienal drawi ng of a fl oat

device having an outwardly concave external surface according to the
present invention. Fig. 3b is a three-dinensional draw ng of fl oat

device of Fig.F3g.hdviisgan endddigedomnda andimensiomadl ofignt ef fgramdves
spirally formed on said concave surface according to this invention.
Fig. 4 is devhceeodi Régsi dbal drawi ng of float device having an internal
surface with an inwardly concave curvature and a plurality of el ongated
grooves spirally forned on said concave surface accordtng to this
i nvention..
Fig. 3a is a three-dimensional drawing of a float
device having an outwardly concave external surface

according to the present invention.

Fig. 3b is a three-dimensional drawing of float device
of Fig. 3a having, in addition, a plurality of elongated
grooves spirally formed on said concave surface according to

this invention.

Fig. 4 is a three-dimensional drawing of float device
having an internal surface with an inwardly concave
curvature and a plurality of elongated grooves spirally

formed on said concave surface according to this invention..

'Fig. S is a drawing showing the forces and torque
, acting on float device having spiral grooves according to

this invention.



Fig. 5is a drawing showing the forces and torque acting on float device
havi ng spiral grooves according to this invention.

- 9- DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

Referring now to the drawings, in particular to Figs. 3a and 3b, there
are shown three-di nensional drawings of a float device (40) having an
upper end (120) and a | ower end (130), —-and an external surface (100).
Upper end (120) in both Figs. 3a and 3b are I.Zont | whi |l e | ower
end (130) is conical THOR @k THE BB%EE@%EQ @Mﬁééﬁ%&ﬂ% g surface
facing a flowng fluid. It is comon know edge in the field of fluid
dynam cs. that such streamlining is used very effectively in reducing

body drag forces in general, and it will not be necessary to describe it
in detail here in order not to unnecessarily obscure the present
i nventi on. Referping Heowpkef BReedrawiigsdi #BnPartécularnto pigsent

I nvention, the length (111) of the eIongated portion of float device é40)
in Fig. 3a i Ségeandeldbabditer® Are showm thire-dimemsdonal drawingmHe?t ead
(120) is between about 2.3 to 25 mm while the altitude (131) of conical
portion (130)float device (40) having an upper end (120) and a lower end
(130), and an external surface (100). Upper end (120) in
both Figs. 3a and 3b are horizontally flat while lower end
(130) is conical shaped in order to provide a streamlining
surface facing a flowing fluid. It is common knowledge in
the field of fluid dynamics that such streamlining is used
very effectively in reducing body drag forces in general,

'and it will not be necessary to describe it in detail here

in order not to unnecessarily obscure the present invention.

In the @preferred' embodiment of  the present
invention, the 1length (111) of the elongated portion of

float device (40) in Fig. 3a is between about 3.3 to 35 mm,

TN

the diameter (121) of upper end (120) is between about 2.3
to 25 mm, While the altitude (131) of conical portion (130)
is between about 1.3 to 15 mm. The included angle (132) at
the apex of cone (130) is preferred to be between about 1§z
to 165 degrees. ~ External surface (100) in Fig. 3a is
formed into an outwardly concave shape (110) as shown. The

center of radius of curvature of concave surface (110) lies



Fs between about 1.3 to 15 mm The included angle (132) at the apex of
cone (130) is preferred to be between about 15 to 165 degrees.

External surface (100) in Fig. 3ais formed into an outwardly concave
shape (110) as shown. The <center of radius of curvature of concave surface
(110) lies - 10 - - 10 - at (125) on the
extended di aneter (121') on plane (120') at one-hal f the distance (111)
from t he upper(125t andtiid2extendad diapesesr riddl’d 1w Retaren(bdlt ab to
500 mMm A plurality of spiral grooves (140) are next forned

i nto exter npake-bhadifackh¢ 1ddstagceho(ilin Frgm Iheuswper hdlatweand khd2A)
spiral gear form ng nethods. Said grooves have a depth (141) of between
about 0.5 aodlismprefemtdd {d4® hétwedretalpant adpduto0540twBmS mm and are
spaced at a pitch between about 0.7 to 8 nmapart around the periphery
of surface (110) wth a spiral angle (143) between absut 30 to 85

degr ees. I n anot her enbodi nent of this invention, float device
(40) is nmade to nmaveplyrahiityoot, spikmla guddees asldldwaren nexti formedon a
stationary colum, or rod, (170) fixed in a reservoir, as the |evel of

t he surroudditeg éxterhabasgpefack (160) daag shicert riraFigont3ctudimgethet he
fl oat device and the '
well-known spiral gear forming methods. Said grooves have a
depth (141) of between about 0.5 to 4 mm, a width (142) of
between about 0.4 to 5 mm and are spaced at a pitch between
about 0.7 to 8 mm apart around the periphery of surface -

(110) with a spiral angle (143) between about 30 to 85

degrees.

. In another embodiment of this iﬁvention, float device

(40) is made to move up and down, like a collar as shown in
Fig. 4, on a stationary column, or rod, (170) fi#ed in a

~ reservoir, as the level of the surrounding fluid changes. A
sliding electrical contact between the float dévice and the
géolumn'(not shown) will, using prior art methods, record the
, level or the flow rate of the fluid depending upon the
particular application. The embodiment shown according to
‘this invention in Fig. 4 is an improvement over prior art by
ﬁhe incorporation of a concave surface and spiral grooves on*

- the internal surféce of the collar-like, or annular, float

device.



colum (not shown) will, using prior art nethods, record the | evel or
the flowrate of the fluid dependi ng upon the particul ar application.
The enbodi ment shown according to this invention in Fig. 4 is an

| mprovenent over prior art by the incorporation of a concave surface. and
spiral grooves on the internal surface uf -the collar-1ike, or annular,

f | oat devi ce.

. It . [ ef ed that ¢ di f _rod
(170) on  which thétarhﬁnBFe&FFﬁ&‘ertbl(ait?%ﬁﬁ?g%%nﬁt}?g‘ Olomes ”?II?I%IS.OI{ %4
I's between about. 2.3 to 25_nm he j nsi i anet er .af annul.ar | ind
I(i72) i s bet%gﬁhaﬁﬁﬁt apnglag E?WI rﬂﬂe’zi ¢ 165 ey A5 Sihdihien
about 5.5 to 60 Al I [ 1 I I ti 174
Wi oh 75 oBni ddi RALYMELOabEe K {Hbes ShED-| o A3 af BRLTENALABE ST S e,
as shown in Fig. 4. The upper portion (%32 shown_in Fug. 4 g%efer b,
has a verti caMRPdagt £YGmdgs i {hdé) 96 SRn2BBBE 2.5 1 STMHMYRIES e

the |l ower portion (174 wth conjcal outside suyfac as | engt.h bet ween
about 1.5 %le?ﬁﬁ"lsld)eﬂ‘?e‘-aé‘}&teﬁ'ﬁje’cﬁ %%F%%?ns%??‘é egf'Sr?t"ln%3 éﬁ Pﬂbﬁﬁﬁ’éﬂl ar
angle (176) between about 15 to 165 degrees as showny .in Fi 4. 1t wl] be
appreci at ed EXALRERE cbhidhl &L3Q | s(%%)fow%‘énpx?éftdpnanﬁa&i r¥LFRngksh

other than the preferred length of 15 to 17 nm Inside surface (175) of
coni cal sectfeRicalizan itheneatheide | Urfidarge Mt ads (FRIRightuppRr the

ortion
P inside as shown in Fig. 4. The upper portion (172) shown in

Fig. 4 preferably has a vertical length, or altitude, of
between about 3.5 to 37 mm, while the lower portion (174)
with cdnical outside surface has a length between about 1.5
to 17mm. The extended conical surface forms an included
angle (176) between about 15 to 165 degrees as shown in Fig
4. It will be appreciated that the conical section (174I
can be of any desired'length other than the preferred length
of 15 to 17 mm. Inside surface (175) of conical section
(174) is smooth while inside surface (173) of upper portidn
(172) has spiral grooves  (180). Spiral grooves (180) have a

spiral angle of between about 30 and 85 degrees, and are

< an

. between about 0.3 to 4 mm deep, 0.4 to 5 mm wide and are
spaced at between about 0.7 to 8 mm. Grooves (180) are
superimposed on concave surface (173) of a radius of
curvature of 40 to 600mm that is formed.inwaidly, that is;.

opposite of the'oﬁtwardly formed concave surface for the

external surface of Fig. 3a.



¢(172) has spiral grooves (180). Spiral grooves (180) have a spiral angle
of between about 30 and 85 degrees, and are between about 0.3 to 4 mm
deep, 0.4 to 5 mmw de and are spaced at between about 0.7 to 8 nm
Grooves (180) are superinmposed on concave . surface (173) of a
radius of curvature of 40 to 600mm t hat f2s-fornmed i nwardly, that is,
opposite of the outwardly forned concave surface for the external surface
of Fig. 3a. The spiral grooves so formed providerheingpinad

grooves so formed provide inclined surfaces where the inpulse of the

i ncom ng f| gugfiaceshewhexeal thié r dopudise (@60)ther drconiage ofdhdntinof the
force in direction (155), which in turn causes a torque (165) about the

axi s (160) ekifloadideciien(4()50s sheatesn & gomponexnt Qfr exulfiorcef | bat
device (40) spins about its axis, thus gaining stability agai nst .
t unbl i ng wheld redijient et $9) , ewhéchalinf dnoes. canses opcdmngue | MBI edbontt o
the float device by particles in the fluid stream The presence of the
grooves al sktha cxis t (E60) oaf ofleahi geijicei dd60s afsl whdwnt Hiroudig ¢ h%. | aRger

openings in the grooves in addition to the clearance in the gap between

the float devi eesailtt,t hEloaal |dewice he(4fl)pespindesabobied s omxis, thus
In the enbodi mnents descri bed above, numerous details were set forth, -such

as specificgdiinemgy onstabibidgr teagainst tumbling when subjected to

- external forces. The forces are imparted on to the float

device by particles in the fluid stream. The presence of

the grooves also aid in:the flow of a highly viscous fluid

t'hrough the larger o_penings in the grooves in addition to

the clearance in the gap between the float device and the

walls of the pipe as described before.

In the embodimenté described above, numerous details

were set forth, such as specific dimensions in order to
brovide a thorough understanding of -the present inve_nt‘ion.
It will be obvious,. however, to those skilled in the art
-itha;c these .specific details need not be employed to piactice
, - the present invéntion. Float devices of the same
characteristics and features can be formed for different
conduits of different dimensions but in keeping with the

same spirit of the invention disclosed here.

That is to say, while the invention has been

particularly shown and described with reference to the



provi de a thorough understanding of the present invention. It wll be

obvi ous, however, to those skilled in the art that these specific details
need not be enployed to practice the present invention. Float devices
of the same characteristics and features can be fornmed for different
conduits of different dinensions but in keeps ng vvith the sanme spirit of

t he invention disclosed here, That is say while the
invention reeefereed wmbodiments sthrkeehd dé:scWP-Béd 1?(ﬁit Hnderserd ty
t he -13- preferred enbodinents

thereof, itthese pkiddesr simobihpy anthoehkattkverréausn chienggs imafovny iand
changes in formand details my be nmade wi thout departing fromthe spirit
and scope dietablsnpan iloe. made withamty dgparting from thg4spirit /and
fl oat device conprisi an el ongated cylinder having an upper end and a
| oner end; SCcoR@ ekt Egﬁaﬂnﬁfﬁﬂﬂ:&@@-extendl ng therebetween said upper



end and said | ower end of said el ongated cylinder; havi ng an apex
and integrally extending downwardly fromsaid | ower end of said el ongated

cylinder; and grooves formed into said external s ummﬂum“m
devi ce of claim1l, wherein said upper end of said e IJ ﬂ S

horizontal ly flat. 3. The device of cl L"]Z wherei n t he" di"amét et of
said upper end is CbéiNEen about 2.3 to 2 4. The device of claiml,
wherein the | ength of said elongated cyllnder i s between about 3.3 to 35
mm 5. The device Hffldat nddvietecemprisingexternal surface is
outwardly concave. -15- 6. The

device of <claim5, wherein the radius' of curvature of said outwardly

concave surface is between about 40 to 500 nm

an elongated cylinder having an upper end and a lower
: ) >

end;

an external surface extending therebetween said upper

end and said lower end of said elongated cylinder;

a cone having an apex and integrally extending
dbwnwardly from said lower end of said elongated
cylinder; and

grooves formed into said external surface,

2. The device of claim 1, wherein said upper end of

said elongated cylinder is horizontally flat.

3. The device of claim 2, wherein the diameter of said

© nle

upper end is between about 2.3 to 25 mm.

4. The device of claim 1, wherein the length of said

elongated cylinder is between about 3.3 to 35 mm.

5. The device of claim 1, wherein said external

surface is outwardly concave.



7. The device of claim1, wherein said cone has an

1.3 to 15 mm 8. The device of claim 1, wherein the of
said cone is between about 15 to 165 degrees. 9. ThH m !ﬂ !“7
wherein said grooves are spiral grooves. 10. The d

wherein the angle of said spiral grooves is between about 30 to 85
degr ees. 11. The device of: claim9, wheretriaid spiral grooves are ;
spaced at a di stance between about 0.7 to 8 mMm 12. The device of claim !

9, wherein.thejdepthh_of sai Spi g Ooﬁﬂﬁe etegﬁenr%mqi OogF to 4 mMm
13. The de ‘iceTg‘g BS%‘% %ﬁergli%ﬂtnh 5 I'lﬁsugal spiral sgrooves S
bet ween about 16 - 14.
A fl oat dé@?f%aEBﬁﬁrpi agld outw r%lxnﬁﬁncave surface is between

about 40 to 500 mm. - >

7. The device of claim 1, wherein said cone has an

altitude between about 1.3 to 15 mm.

8. The device of claim 1, wherein the included angle

of said cone is between about 15 to 165 degrees.

9. The device of claim 1, wherein said grooves are

spiral grooves.

10. The device of claim 9, wherein the angle of said

spiral grooves is between about 30 to 85 degrees.

11. The device of claim 9, wherein said spiral grooves

are spaced at a distance between about 0.7 to 8 mm.

b4

12. The device of claim 9, wherein the depth of said

spiral grooves is between about 0.3 to 4 mm.

13. The device of claim 9, wherein the width of said

spiral groéves is between about 0.4 to 5 mm.



an elbngated annul ar cyTinder havi ng an upper end and a |ower end, and _
slidably disposed on said rod; an external sur%ate*exréﬁﬁTﬁﬁﬁaﬁﬁﬁhardIy

t her ebet ween sai d upper end and sai d |ovwer end of nnul ar
cylinder; a first internal surface extending th mtmtm“ﬂmm \“ﬁpper
end and sald | ower end of said elongated annular ® @&n ‘annul ar
cone having an apex and integrally extend ng downwardly from said | ower

end; 2 13eCNd1oatRVIde comfifing: extending downvardl y
t her ebet ween “sai d I ower end and apex of sai d cone; and grooves forned

into'said first internal surface of said elongated annular cylinder.
15. The device of claim 14, wherein said upper and is horizontally flat.

- 17 - 164 IRQ4@WASS Hodd @i m 14, wherein the diameter of
>
an elongated annular cylinder having an upper end and a

lower end, and slidably disposed on said rod;

an external surface extending downwardly therebetween
said upper end and said lower end of said elongated

annular cylinder;

a first internal surface extending therebetween said
upper end and said lower end of said elongated annular

cylinder;

an annular cone having an apex and integrally extending
downwardly from said lower end;
a second internal surface extending downwardly

» therebetween said lower end and apex of said cone; and

grooves formed into said first internal surface of said

-

- elongated annular cylinder.

15. The device of claim 14, wherein said upper and is

horizontally flat.



said rod is between about 2.3 to 25 mm 17. The devi ce of '

wherein inside dianeter of said elongated annular cylinder is bet n
about 2.6 to 27 mm 18. The device of claim 14, V\ﬂmmmmﬂgmﬁnﬁTamater
of said elongated annul ar cylinder is between about y * 19.
The device of claim 14, wherein the length of said eFonYat'ed annul ar
cylinder is between about 3.5 to 37 - 20. The device of claim 14,
wherein said external surface is uniformy flat. 21. The devi ce of

claim 14, wherginppai Gidd{ss OH eEl@im 314, f apgeteih NWled! 4 sROEE¥ e of  22.
The device of claim21, wherein the radius of curvature of said inwardly

concave surf

18 -

23. e devi ce of

d Sr@&tf‘Qeﬂet\?QQHt afBut02680tB"ps mm,
clarm

14, wherein said annul ar cone

>
17.The device of claim 14, wherein inside diameter oﬁ

said elongated annular cylinder is between about 2.6 to

27 mm.

18.The device of claim 14, wherein outside diameter of
said elongated annular cylinder is between about 5.5 to

60 mm.

19. The device of claim 14, wherein the length of said
elongated annular cylinder is between about 3.5 to 37

mm.

20. The device of claim 14, wherein said external

surface is uniformly flat.

21. The device of claim 14, wherein said first internal

surface is inwardly concave.

22. The device of claim 21, wherein the radius of

curvature of said inwardly concave surface is between

ébout 40 to 600 mm.



has an altitude between about 3.5 to 17 nm 'Tﬁ“fﬁ§ﬂ7i§7ﬁ77ﬁ7§7; 14,
wherein the included angle of said annular cone |s ﬂ“‘ﬁ o 165
degr ees. 25. The device of claim 14, wherein said “ﬁ“ﬂ

a

gr ooves.

gr ooves

26. The_device of claim25, wheggein the ang ot shid® splral
i s between about 30 to 85 degrees. 27. The device of claim 25,

wher ei n sai d3spiThl devwbyesofardaimackt, avhereist sadd lEemwdar atone 0.7 to

8 mMm
grooves

28. The device of claim25, wherein the depth of said spiral
i s hekwesn sahdwbudd bétweemmabout 20.5 He Weuwmme of cl ai m 25,

wherein the wdth of said. spiral grooves is between about 0.4 to 5 mMm

24. The device of claim 14, wherein the ing}uded angle

of said annular cone 1is between about 15 to 165

degrees.

25. The device of claim 14, wherein said grooves are

spiral grooves.

26. The device of claim 25, wherein the- angle of said

spiral grooves is between about 30 te 85 degrees.

27. The device of claim 25, wherein said spiral grooves

are spaced at a distancé between about 0.7 to 8 mm.

28.The device of claim 25, wherein the depth of said

spiral grooves is between about 0.3 to 4 mm.

29. The device of claim 25, whereip the width of said.

spiral grooves is between about 0.4 to 5 mm.



