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BACKGROUND OF INVENTION
Field of Invention
[0021 The present invention relates generally to an underwater breathing device
and, in particular, to an exhalation valve for use in an underwater breathing device

that is configured to produce positive end-expiratory pressure in the airway of a user.

Description of Related Art

[063] An underwater breathing device enables a user to continue breathing even
afier the user’s mouth and/or nose is submerged in water. Some underwater breathing
devices, such as scuba and spuba breathing devices, are configured fo provide a

submerged user with air from a compressed-air container. Gther underwater breathing



WD 2006/ 127557 PCTI US2006/ 019659 2 devi ces, such as
a convention snorkel, are configured to provide a
user with air from the atnosphere. [004] A

w6 OeRsson snorkel general ly includes a breatRig8fhos/n196s9
condurt through which air can be inhaled fromthe '
at nosphere. The breathing coRduit is typically
configured with two ends. One end of the snorkel is
i ntended to remain above the rf . BELEK 2i
e tRe e At BIPHE: SHEFATe R EREE fo i Fyfefl s fom
subnerged_under the surface of the water. The end of
t hethg #AaFPREeon conduit that is intended to be
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sangmﬁygg?%?%émﬁgngﬁ%t throag whi ch the user inhales

at msp o con@05The & tREORbARIES 1At mdulligad tizatouthpiess

%Le\%ﬁﬁzg . .
encount er I Fe using a conventional snorkel i s

i nc LR &6hid: Al Uil Bink Od B@icf ORD LRI Meathing cesluibfabove fhe
the ‘anpient water in which the wuser is subnerged.
Dur i g, DU walh alnakinP Bnaditl @ehadefilis Gihaleaatmssphoric air while
expends effort inflating and deflating his |ungs.
Wﬁe@u}ﬁnéfgce%rini watSU RN Oehei tind)alie breathmyeomduit dnblges the user to
conpressive forces of the anbient water around the

- USelgyfiid RSh feNee’ sthcuiitigaliont Brealdngn dealrbetwemfthoyser’s mouth
than usual I'n order to inflate his lungs and tend to
causgd RemstBiehiccd OG@MRARY N S5 sxielell by ta ustramtituithe ahorkad through
deflate his lungs. This reduced-effort exhal ation

the same breathing conduit through which the user inhales atmospheric air.

f0as] One problem that a user can encounter while using a conventional snorkel
is increased fatigue due to the compressive forces of the ambient water in which the
user is submerged. During normal inhalation and exhalation, a user expends effort
inflating and deflating his lungs. When a user is submerged in water, however, the
compressive forces of the ambient water around the user’s lungs force the user io
expend more effort than usual in order to inflate his lungs and tend to cause the user
to expend less effort than usual io deflate his Iungs. This reduced-effort exhalation
tends to cause a user to exhale faster that normal such that there is less time between

each increased effort-inhalation, resuiting in more frequent inhalation. More frequent




tends to cause a user to exhale faster that nornual
such that there is less tine between each increased
effort-inhalation, resulting in nore frequent

j i-on. More frequent WO 2006/ 127557 CT/US2006/019659
vwk%@%b%%%SG/OlQGSQ 3 inhalation can cause the user to

fatigue nore quickly than during normal inhalation
and exhal ation, which can result in difficulty

br eat hi ng due t ler functional . | o
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naerwa I ng device that elimnates or
redyces.sq ] L 19 alchf iRRRY &Y dRSEE. BedidRionthepsence of
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PreSat ih e fn@éﬂﬁﬁ%ceﬁ(ﬁ@rcﬁ" thS sRERY ichie dadh 2 Bathicfidt f@dling or
valve tor use I'n an underwater breathing device, the
exh %%ﬂng ol 4E paGRNy BAN RSk dubinPMBAlAGR sR@E driiftion.
end-expl ratory pressure in the alirway of a user of
the wunderwater breathing device in order to reduce
the overall work of underwater breathing, the
exhal ati on val ve conprising: a plate defining at
| east one chanber port and an




exhal ati on port, the at |east one chanber port being
positi oned opposite the exhalation port; and a
flexi ble menbrane that is seal abl e agai nst a surface
of the plate and is sized and positioned to be
capabl e of sealing the exhalation, the flexible
menbrane conprising: a seaﬁed position in which the
fl exi bl e menbrane seals the exhal ati on port such that
substantially n ' e at | east
one chanber porgRiﬁ%S@ﬁ@¢égﬁgﬁgﬁﬁﬁﬁ$ﬂﬁ%$t, and an
sealed positjon in ich the flexible nbr ane does
[00:’17& séhapeedi efet’%%?flﬁf %@MWE’W%‘H{% gg‘flcec L ¢limgipates or
between the at | east one chanber port and the
redagasapae oball piohe abgvgalsscribgd gedbéifance with enbodi nent s
of the present invention, there is provided an
[008khal dt nenordante/with hdirstrmagect athe geesent pnatagion, bgre issprovided an
substantially rigid and substantially disk- shaped.
exlamtipd dvdlveofior ke iexdnabaddrentep dréatiofhg tdeeicpl dtee ecaldtioa valve
exhal ati on val ve may be either oval -shaped or

cot fRAFdr @PprslhaR fbsitive rehBRkpirdths pre@xicbinethgviiNagang Dhiser of the
t he exhal ati on valve may include a hinged region

und@@hibt BERHiInE Ae@Se oMb d8ch et RAIIR RS BRAd-whidf Breathing,
two sides sSuch at, when the flexible nenbrane
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o] i el blg ane ehle]seqlwﬁ%e A rfeEass HE%P@@C%%S sized
aspect of the present invention, there is provided
andhposifined {oaecsapitie af seriieg he gxladatiopnthe Joxible rpembrpegiepaeprising:

positive end-expiratory pressure in the airway of a
a wgeled pofitipinén wvhdidy that fexitde eadnmbirany shalsi he dxhaletigeport such that
reduce the overall work of underwater breathing, the
subsnadaiahe airkae dobi Bgwdav ihe eat dasponesehagbeapahand e exhalation
including first and second openi ngs, the chanber
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xRN pdrN@lch iR il €4rS fiBd between the at least one chamber port and the
exhalation port.

[009] In accordance with embodiments of the present invention, there is provided an
exhalation valve that may include a plate that is substantially rigid and substantially disk-
shaped. In addition, the exhalation port of the plate of the exhalation valve may be either
oval-shaped or teardrop-shaped. Further, the flexible membrane of the exhalation valve
may include a hinged region positioned so as to divide the exhalation port into two sides
such that, when the flexible membrane bends along the hinged region, one side can
become unsealed while the other side remains sealed. Moreover, the plate and/or the

flexible membrane



from si mul t aneously escapi ng through the first
opening, there is no unrestricted passageway out of
t he chanber through which air can exit the underwater
breat hing device and, as a result, the exhaled air
creates an exhal ation pressure within the chanber;
and a valve for restricting airflow between the
chanmber and the second operi ng, the valve
conprising: a plate defining the at | east one chanber

of fherekhadttbnt Ndveenhvhatd ®nupdorinedtthaeat that samtsitioned between the
chanber port nay be positioned opposite the

pla@@@k@tﬂeg{bjmgﬁlbmhge at | east one chanber port and
t he exhal ati on port defining the second openi ng; and

[Olg]u]; | exd Bl rdaﬂ%r(gﬁﬂ@g @ectoﬁgta#g& S9RL ARLS BRRMAS (HRre is provided

face of t ate an y be sized and positionéd
t 0, be .capabhl.e .seal | e l.at: . .
an pRisRTT ranns Shd SR et A SAL AR AR draldhF pressure in
openi ng force, .co i si.ng _any. exhal ati on, pressure
the G Pt A S uepr g e Mg 5l &t Piic] ' FllpS the overall
direction and a closing force biases the valve.in a;
wodkceloMiCH PSR e UIAFRGEer BreaBiRg drvigferngprising: a chamber
substantially opposite the second direction, the .
incfuding] fisbteandsatmd mpenipgmplhd diapger being ediguisd sieh Byt pihen air is
whi ch the flexible nenbrane seals the exhal ati on port
beisg ekhdlduiathraigh shea fitst abéning mtaithe ¢hembet gas euinfieroixat testricts air
chanber through the exhalation port, the flexible
frofie iiaaLedaslyNgschpingi tipagkdibenfitdeopehimgedhqposist i@ nunrestricted
when the opening force is |less than or equal to the

pas@igéﬁi!ag Gut LORIEL ch-Ar AroQEE WhRPShiE IO ekid M ufderivBRr breathing
fl'exi bl e menbrane does not seal the exhalation port

dev? thdt DA 1@, theSexhble® t@ﬁ%@ea&:@ %H‘e%dli‘a@at%%@ﬁre LRYER chamber;

e ekhal ation port, e flexibl'e nenbrane being
i d_ip: t.h 1] oy
o BGETrhASoPAPEL 1RT052 SRR L e e

enbodi ments of .the present inveption, there.is. .
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a nout hpi ece connected to the first opening. |

leagfoppiet shamberappriymay PMP@F*O‘Eﬁde‘é’d”H?‘F?gaS sﬁ%i@ww Ela Yeast one
an exhal ati on conduit connected to the exhal ation .

chagdrer . poFupnchélre, cabplatitgeparhtdsfinie el Hieerpdd enanene: g a flexible
i ncl ude an exhal ati on

membrane that is sealable against a surface of the plate and may be sized and positioned

to be capable of sealing the exhalation port, the flexible membrane being configured such
that an opening force, comprising any exhalation pressure within the chamber, biases the
valve in a first direction and a closing force biases the valve in a second direction, the
first direction being substantially opposite the second direction, the flexible membrane
comprising: a closed position in which the flexible membrane seals the exhalation port
such that substantially no air is released from the chamber through the exhalation port,

the flexible membrane being



conduit divided by a septumwhich creates a first

conduit and a second conduit. The second conduit is

si zed and positioned such that, when the underwater

breathing device is in use, any water that enters

the exhal ation conduit tends to collect in the second

conduit. Furthernore, the flexible nmenbrane further

may i nclude a hinged regio® aligned with the septum

such that, when the flexible nenbrane bends al ong the
disptiseddheé elgbedrpositioe wht gie opening tivrte Sdess ienorequat setleetbsing

whil e the second conduit remains seal ed. Moreover,

fordeN8nd APERINNDsHiOh GEwhRAUE Bekible ri@itatd ek hexdehl Be exhalation
menbrane at the hinged region of the flexible
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the opening force required to bend the

flexihle nbr.ane C hat . bot LSt
megbGih el e 31 S RebEpi Rty bhing fife! Becocds the
¢l osing force may include anbient water pressure when
clogipg foIst  a portion of the underwater breat hing
device is subnerged jn_water, Further, the enjng - ded
[01ibr cely %HGPW@FCW& pRiREnts of G PresEl ddeaton, fhege is provided an
tension of an elastic string attached to the )
undeheatértiireathingdedeeman inshidgiaggaghpiege copeseiad)te teelist gpsaing. In
in substantially the first direction. Moreover, the
additgos o nndei-whthebredthmidevise miap dncladsdinterbalatagydopilyigconnected to
opening force, may be manually adjustable. 7 [012]
thel RhaAGHESH AN FRrter bn ahd@nart eroathigrdevirt maoinctude an exhalation
presents invention, there is provided an underwater
corfuRaliuas b? QViepRinf WHdhosees b Girflr QHAUGIE a1 sebot@ conduit. The
end-expiratory pressure in the airway of a user of

sccbhlf cAHAR VG QM anh @83{15“6@?5%&%%1& Svher (M2 uRASWhicY BreBibslrg device is

exprratory pressure In e alrway of the user may
. reduce the, gveral r f ! WRLEE cold Rl hk Jb&nduit
"1ﬁﬁdgpﬁﬁFgﬁh%f%%¥%%ﬁ§ E%??éﬁﬁ§§ nelude a gﬁan%g?nanﬁluL
val ve, EQ%’ chanper i nclude first and.secon .
Pudkpifgtee TR CREDERS Fett B Ty “OeeR i A i e
that when air is being exhal ed through the. first.
seRyFR AL OCp e SRUNBART AR e lons che finged fogiony dhe i
air fromsinultaneously escaping through the first
comspgndan ghecerhe aseaked righile e eseqndcgonduip spaapestalpd oiyloresver, the
the chanmber through which air can exit the underwater
opening force required to bend the flexible membrane at the hinged region of the flexible
membrane and thereby only unseal the first conduit is less that the opening force required
to bend the flexible membrane such that both the first and the second conduits are
unsealed. In addition, the closing force may include ambient water pressure when at least
a portion of the underwater breathing device is submerged in water. Further, the opening
force further may include a force created by a tension of an elastic string attached to the
flexible membrane which biases the flexible membrane in substantially the first direction.

Moreover, the tension of the elastic string, and the resulting opening force, may be

manually adjustable.



breat hi ng device and, as a result, the exhaled air

creates an exhal ation pressure within the chanber

The valve may function to restrict airflow between

t he chanber and the second opening. The val ve may be

configured such that any exhal ation pressure within

the chanber biases the valwve in a first direction

and a counter pressure biases the valve in a second

irection. The fi Lrecti Ik :

018 poelt BHRERG, bl gl ol o e IHAShG AU, here is

cl osed sition in.which substantially no ai.f. | .
proyidpL 38 ahemaTET Prrathin deies, PEBY O PrfE8pdiigye Snd-expiratory

openj ng. The val ve can be dj sposed in th £|Qfed .. d
pregsgesi 1nj 1R aitE L gnysee oh ficaindghv by dareihiae \(eyigrnl e, positive end-

chanber is |less than or equal to the counter
expprrtoss pressurenethg airway mhjheaissiompy wslugh ths sesral gxerkio gndggwater

which at |east sone air is released fromthe chanber
bretthingu@he tunderseokatdpenidegee Ty nelude achamber aidspogbg. The

in the open position when any exhal ati on pressure
chanibeh iay tih€ludh arsb and exoeé dpeitihgs. Gheahanbgrrie pseferebly configured

[013] In accordance with further enbodi nents of the

sucR IS8 SREn hif YESUiA Odkhallel @rBudhSthe Bfs0¥petdth iatd He Gt Bra manner
br eat hi ng device that includes a nouthpiece connected

that?es{rnaﬁs b T80m  SRERINRGsTy @scﬁgﬁ%tﬂhﬁﬁﬁh afle YRHESPMBIE! there is no
reathing device nay Irnclude an exhal ati on conduit
unr%%gé}gﬁfpgsdsﬁ%e%mtyho tz)g(eff?eg %a%%[] ltly'\g?%{ro‘l’vﬁﬁh atilh@anc i egrunderwater

y rnc ien pressure at
| east_ a. portion of _the 2006/ 127557 . -
bropbdesh anb 7o ase i T A THERTE FEgIPERT RYAIIgR presanp ithin the
submerged in water. Further, .the counte ressure
oS b oS e i BSREYghhe second

underwat er breat hing device na al so include a .
opairgriehe wilveh mayt bt confisyead sushathart ote exbalation\pipsprre within the
further restricts airflow between the chanber and
chanfiter bhisescthe pelve g a {iFktalineationeanslan cqunter Ipegssira biagefethg valve in a
purge position in which at |east sone air is rel eased
secon® @irtfiRnc Tasiien didetamghay be sulsendalty opmsite theardortdhdirection.
third opening. The valve may be di sposed in the purge
ThEQgivE indfy MRER Ased peliabtd ARichrsabsatitallvnb s trbleased from the
chanber "is distinctly greater than

chamber through the second opening. The valve can be disposed in the closed position

when any exhalation pressure within the chamber is less than or equal to the counter
pressure. The valve may also have an open position in which at least some aﬁr is reléased
from the chamber through the second opening. The valve can be disposed in the open
position when any exhalation pressure within the chamber exceeds the counter pressure.

[013] In accordance with further embodiments of the present invention, there is
provided an underwater breathing device that includes a mouthpiece connected to the first
opening. In addition, an underwater breathing device may include an exhalation conduit
connected to the second opening. Also, the counter pressure may include ambient water

pressure when at least a portion of the



the counterpressure. ]1014] These and ot her aspects,
features and advantages of the present invention
will beconme nore fully apparent fromthe foll ow ng

' description of preferred enbodine s
W BB e rer] Usa006/ 050656 | & BRI EF ooty B Hogaos
DRAW NGS [ 015] The appended déawi ngs contain figures
of preferred enbodinments to further clarify the

above and ot her aspects, .advant.ages a apures .of
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snorkel ; [ 0171 Figure |Bis.a. fr I '
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Figures 1A and 1 i ch Lher i L@

Vel Pt gt ey st G Hesb O G e BifbotR AALALAR than

of the inhalation cap of the snorkel of Figures IA

and HEUREWRE Fhe i nhal ati on val ve in open position

suc r}gﬁé OCCU Se d"&h&%&-é/e@@%@&d a_ﬁ%&%es%f QY 1Reséfit ilvention
v

atr erse sectional view of the inhalation cap of

the Qr kel . ofh B0 Ehitbie AB@NEA b sdripbon of preferred
t P

inhawéﬁe%oﬁnev%vgﬁ%y%%ﬁgnc osed posi tgi on such as

occurs Og%{eimg_g breath hol ding or exhalation [0211

Fi gure I'S a transverse sectional view of the main

tube of the snorkel of



Figures | A and 1B and its associated structures;
[022] Figure 3B shows the transverse sectional view
of Figure 3A with the exhalation tube coursing

Lthin-the main tube and nmounting to the naj .
W‘ye%ﬁg/;l%f%on t ube upper nount; WO 2006/ 127557ij8ﬂh§%€6ﬂ§w659

PCTI US2006/ 019659 10 [023] Ftgure 3C shows the
Elli psoid Cross-Section of the |ower end of the nain
tube of the snorkel of Figures | A and 1B; [024]
Figure 3D is a transverse sectional view of the main

tube of the snork ' \ and its

associ ated str uct%‘@g%ﬁsgg%ﬁéﬁgduﬁ%ﬁg | gsa side view

of the ribbed flexible connec&tlii tgb% & bodiments to
snof¥al of Ths gded) drawings Pt 5 g‘%g}%&efnsoa

secti onal vj eg\]/mef t he c&nrnaecéci Eé%a%tt&ges%ﬂﬂ%t&r& &Qﬁgﬁ’%ﬂt
4N, ﬁirfierzeﬂi“?fl’fi;ﬁ?? V%,&“‘i'ﬁ &n SBSCOT Gaed Brde view of t
junction w e nmou i.e ic eferre
ey JarUL R FRpgae, it hoe e%f””y ?g byt only proferred
purge, cap, of the snorkel Fl LA - Bithe inventi
P B ot Trreis el e ik BEork Cirpe fmvention

th [ at i | A A ; ‘de £ use
i Uk et g TR 4R aaACnkP R SREIDIN kit dduch o

t he hal ation.v /; e val ve assenmbly; [030
Fi gl?? e%ﬁogﬁ%n\?%ngtw{’%sﬁn%{%% of this exhal a%/i oL va? ve
/ p%%ie\éa?}/ e 1958 8 HLWiewk %}exﬂ;@dﬂf SssRBbISN kR

col I'a nsverse sectional view of the exhal ati on

val A PURS A XS RENEHRIvidO e e Fie 19, 2
transverse“sectional view of the junction with the
exh etbﬁltj ion Figure 2A is a top perspective view of the inhalation cap and the inhalation
valve diaphragm member of the snorkel of Figeres 1A and l.B, which together form
an inhalation valve;
[019] Figure 2B is a transverse ‘secﬁon view of the inhalation cap of the snorkel
of Figures 1A and 1B showing the inhalation vaive in open position such as occurs
during inhalation;
[020} Figure 2C is a transverse sectional view of the inhalation cap of the
snorkel of Figares 1A and 1B showing the inhalation valve in the closed position such
as occurs during breath holding or exhalation
[021] Figure 3A is a transverse sectional view of the main tube of the snorke! of
Figures 1A and 1B and i{s agsociated strucfures;
[022] Figure 3B shows the transverse sectiomal view of Figure 3A with the

exhalation tube coursing within the mam tube and mounting io the main tube's

exhalation tube upper mount;



valve in closed position; 10331 Figure 6B is a
transverse sectional view of the junction with the

- exhal ation valve in open position as occurs in nornmal
W?E“’%Jl%gpn; [0341 Figure 6C is a sectional Wr-eMssheno196s0
e junction with the rapid purge ports open as

occurs during purging |evels @& exhal ation; WO

2006/ 127557 PCT/ US2006/ 019659 11 [035] Figure 7A is

a sectional view of a ter.nativ xha ' .
o FoPbor B o e Bsi8 S seBon BLBE IOl end o the mein
accordi gn-sty| [ 1. Thi all has slits in the
Iomé#@°8ﬁ¥éW”%iE%ﬁﬁﬁWﬁ%%ﬁﬁaﬁg?that are closed, unless

the walls are fully .distended as . in

oped%H on; F[%@é]% ’F—’iad{ﬂ]%re‘?%sﬁcgo ﬁé‘%“é of %ﬁ g: _LA{n\Q/:IE g of the snorkel of

simlar to Figure, /A show.n he.exhal ation valve in
opeﬁl%’fﬁ?iigiaﬂﬂg i ‘i]ltstaﬁ%ocﬁgrc‘lﬁ%uc&g e in the closed

Po rhilre Teeahinh Siscet i ey 2BAS GRCETTor be
the purge.val ve en,...[038] Figure 8 is another
sexedof Py 1§ PRy

Ccro view of an alternative exhal ati on

I I i :
Y

y and an externally positioned

h [ . ol i . . t: outhniece
ex ta[b@hl onV]iglé'\%? g%\h?%zlexpﬁcﬂ&' LiBe PielrDf helin@BEY §4t8 She mouthpiece,

sec al j'uncti on whi ch houses the

exh a[Le?te}I;p%he? Ee%féaqanvc\)glsvghvte / ﬁlrgcd@ﬂ’&ee Q;sér@oiﬂ%hﬂtthﬁi QuBe cap of the

connecting In turn nounts tot

exh%%g%gﬂﬁFéﬁ%%zég&igguivaIent of a scuba regul ator,

[04 I gur is a sectional view of an
al t Ui vergyhakal L Bxpidled el Gt 8f 1he Bxtialitibi @alve/purge
~F % xpléticl Bers ; ; ALVE/PUTS
clogg%ﬁp03|t|on; [041]3%|gure ?%B is a sectional view
of tHe.e¥BAbRLI on valve configuration of Figure | OA
in the open position;
[0629] Figure 5C is an exploded transverse sectional view of the exhalation valve

/ purge valve assembly;

[030] Figure 5D shows the top view of this exhalation valve / purge valve
assembly;

[031] Fiétu’e SE shows a collapsed transverse sectional view of the exhalation
valve / purge valve assembly;

[032] Figure 6A is a transverse sectional view of the junction with the exhalation
valve in closed position;

[333] Figure 6B is a transverse sectiopal view of the junction with the
exhalation valve in open position as occurs in normal exhalation;

[034] Figure 6C is a sectional view of the junction with the tapid purge ports

open as occurs during purging levels of exhalation;



[042] Figure 11A is a side view of a flexible

menbrane that can be used in the exhalation valve

configuration of Figures 10A; [043] Figure 11Bis a
tive top view of the flexible nenbra

W‘E?‘g’ﬁ’?@%”ﬁm [044] Figure 11Cis a cr oss-segtéiwg%zaﬁlw019659

side view of a disk-shaped rilgid piece that can be

used in the exhal ati on valve configuration of Figure

10A; [045] Figure. | ID.is.a.bottomyie f

di 3[4’3%11 apeBEVE oA ispt SHOwE VIR bh & f‘l¥@r”%?’9\7@ab“%°“ valve/purge

2006/ 127557 PCT/ US2006/ 019659 12 ' iBe 3

a sEIYS HRarmyshyes @ ﬁmrﬁsé’?b?eaﬁwf’ %rfg'lro}{gf? é%]ewgik %g{sgﬁ}%hr%s sits in

val ve configuration wth the val ' :

pos il e ‘[“(‘5’% 9‘]"0@05'0’?&2{'5 &’f@r? gloséaa’s%%tg g| tgengtfﬂ%va%%ﬁg g‘ S 28

exhal ation valve configuration of Figure 12A with

t he RARPGE PR*H%arti al [y open position; [048] Figure

12C j s a sectiqpal view of. : at ; f :

Fi gl#38! 12AMREHE $ a&YY 3?"%"%%?%?%"%& %E*Eﬁ“ﬁ‘*éﬁé? 1Fiﬁéﬂr?;lalamm

[049], Figure 13A is S| ' i.hl e

newﬂ%lﬁﬁ’é‘q?ﬂh?os an Wﬁﬂé%ﬁg g giv%lb(fgﬁ{é&f cé(%ﬁcg ‘gﬁog’n val ve

confjguration of.Fj =1 20 d NI BowB3B o th

a pé':l”%lgect ?%ret%% l%lgégﬁpétzﬁé&f%h%ﬂfi{g?glgn{nbr ane of

Fi gure. .13A; ' IS a cross-sectional

Si dgxwlagﬁng?lv%\ggﬁdsﬁﬁs%%g%%%i d piece that can be

usedyif the.ex ' | MmN fidvOsiTad bitdhatRE eXtiaBtieaalve /

12Af{ﬁ:}2% [%é%g%sg{ﬂdrﬂ%gi%% éléghdg bott om vi ew of et he - *

di sk, 3hanRd fpdlhths RhGe O afhouEe rh@ vttty (883 exomally
I's .

Fi gur cross sectional view of an exenplary
t ensﬂogﬂoﬁgﬁg&ala\ﬁgl%ggw 127557 PCT/ US2006/ 019659

[039] Figure 9 is a transverse sectional view of the junction which houses the

exhalation valve, as it is adapted to mount to a connecting tube, which in turn mounts
to the exhalation vents or equivalent of a scuba regulator;

[0401 Figare 10A is a sectional view of an alternative exhalation valv_e
configuration in the closed position;

j041] Figure 10B is a sectional view of the exhalation valve configuration of
Figure 10A in the open position;

{0421 Figure 11A is a side view of a flexible membrans that can be used in the
exhalation valve configuration of Figures 10A;

[043] Figure 11B is a perspective top view of the flexible membrane of Figare
11A;

[044] Figure 11C is a cross-sectional side view of 2 disk-shaped rigid piece that
can be used in the exhalation valve configuration of Figure 10A;

(045} Figure 11D is a bottom view of the disk-shaped rigid piece of Figure 11C;
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13 DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS

[0541 This invention is generally directed towards an

exhal ation valve for use in an underwater breathing
g&fﬁ'The exhal ation valve that is Conf'gﬂéﬁ%sﬁﬁkm1mb9

produce” positive end-expiratory pressure in

ai rway of a user of the underiater breathing deV|ce.

The principles of the present invention however, are

not limted to _underwater. breat ces, Lt . w
be MHber st%!g!getlﬁét is g ch?t@}]fnegfo W@ §1¥e aﬁ% exhala%!t Ivalve

di scl osure, the structgﬁ E)(‘sclosed hereln can be
sucewdigmationvifhevaly BERALEF NGt h  any device t hat

IS |ntended t o produce I tive r
predf¥dle i RiepR el%gl IFWCICPOST% ew, §’£ géngq}a%yconﬁgumnon of

Addi tionally SSISt % t he q% crlptlon of the
exhgwgﬁﬁgﬁ“ﬂQQRW \RdP 828 Eﬁmm%% t6p, bottom front,

rear, right, left ,and are :
accdhnyi ﬁ’&“’efllzéd? %§ecg‘3ﬁ?ﬁ afgéﬁgl%aﬁaﬁgg gég%éﬁg%jﬁgm vith
drawn to scale. It w. be appreci ated, however, that

theﬂﬁP@@Eﬁ%a ¥8ﬁ?ﬁ8ﬂb%%n be located in a variety of
desi.r @ oS ti 1%g\ewatslhe vxe%p gﬁ@ﬂﬁé’\fﬁgﬁﬁmg tﬁ@ctcg.ﬁ BYused in the
|

devit® 1B P8I Ncldding vari ous angl es,

3222%&%%5 %ﬁm?ﬁ gﬁﬁa?égﬁ%%ﬂ%afmgegngﬁge in an

undasagt er gbr £A1 24 fRKLESe RQWidiPb @¥Bexibi0 Bk of Figure

dis ow - an he acconpanyi ng
figﬁé s, the exhalation valve may be used in
connéction with an underwater breathing device such

uba i8w NP BisekhapkDfigid that
exaﬁpﬁi tﬁgéuéei{?lqb 2 ol SRR i vi p&Dfigid piece

ation valve may function in

conngg hé W4 W hdle Qmﬁ%i@%bﬁg@éa&y& Fodured 138a0ke! , Or

t he ex atlon va ve nmay be conbined with the

in ha@ﬁ%l ON ¥akY B1p FRGoRHNHed df e dldkl KepeaRyidipiecp bEEigats 13C;

top or the bottom of the breathing conduit of
pkel, whether the snorkel includes only a

sing e breathing conduit, or includes both an

I nhajgad)i on wARYW & 2aRks @Bﬁorﬁ%h@‘i it ain @RenGyatd teintion Hikvb.

exha atlon valve is generally configured to open when

t he :




user of the snorkel exhales to allow the exhaled air
to exit the snorkel. The exhal ati on WD 2006/ 127557
PCTI US20061 019659 14 valve is also generally

fi d to cl ose when the user of the sn '
wé}%@sﬁ%}%ﬁ:l ing, as during inhalation or bet \/\géﬁ%&ﬂbg’omﬁﬂ
breat hs. Where the snorkel in@l udes both an
~inhalation and an exhal ati on conduit, the closed
exhal ati on val ve mm [ t LI ﬂﬂﬁﬁ
exhalatioﬁmgéﬂﬂﬂ?Pm%Pgﬂﬁﬁiggﬁﬁ%&%EEEEpﬁﬁgBéﬁe s
i nhal ation tube, thereb

Ling, the exhal S
L 1igh. ¢ b RBIoD G FERPAL Do Ea e OB TP A Ry e

to Figures 1A and 1B, .an_exenplary sn el 1.
di s@n yadegwvater| h{eaélg%smqey”l"het tﬁcgglg’%og AN Od:;al% 5 cc::clmlﬁg{f‘rg% ‘éo produce
i nhal ati on through an inhal at.ion conduit. .to t .

TOUPHPTECBCRPIRE BEM™ A SIS S Sater pratiing

IO Cot RS2 B Fher S, SRR ey i
o RIS R R AT gl e e
o A S LA i it
o S B I, 8 BAE A6 e i

i nhal.ed by the user. The air that is subsequently

exh&fégﬁ%y the user then flows through the exhal ation

val v ﬁsésg nd tAer% Ay { Tﬂ%ssis?fﬁl'{%eclﬁzg I BBorC R Wk hal MAE WEive, RRirds such

exh& air exi e snor hal ed air can al so

I 1 h | e the acc anyi
exi ﬁsit%)ﬁ ?i)t?o%gtrfgﬁ{, rehr, MO Wathinli Rfe BRI @81 ¥AdoMSibe the accompanying

Addi s regardi ng exenplary structures

for ivﬁ!ﬂé}{ %& hQhe YR driviiolsBG | Fetvitone athd, hovhdver, that
e

nmout Hpl ece, exhal ati on val ve, the exhal ati on

COMEJ: toresé AndeliforP H0Be YRhUE i @Wakioly| EBesindd0P@ikiot evithin an
snorkel” 1 i1 ncludes several mmjor structural elenents

I ncl YRl RGedBreatinl dbadd QbR Revice--ahichibing vhritae addes, sideways and
connecting tube 19, a nouthpiece 54, a junction 22

Whi Chef QUSES ddvit haTh&siled Hesclpricxbratha tekimltioo ndlye tort8se in an
and a purge reservoir 27. At the Ilower end of the

SNOT fbrvatek BrehthRg BENi@moeapos. Near the upper end of

the main tube 13
[056] As discussed below and shown in the accompanying figures, the
exhalation valve may be used in connection with an underwater breathing device such
as a scuba or snuba regulator, or a snorkel. For example, the exhalation valve may
function in connection with an inbalation valve of a snorkel, or the exhalation valve
may be combined with the inhalation valve. The exhalation valve may be placed at
the top or the bottom of the breaﬂﬁhg conduit of a snorkel, whether the snorkel
includes only a single breathing conduit, or inclndes both an inhalation conduit and an

exhalation conduit. The exhalation valve is generally configured to open when the

user of the snorkel exhales to allow the exhaled air to exit the snorkel. The exhalation



is the exhalation conduit exit port 16 where the
exhaled air normally exits the snorkel 1. WO
2006/ 127557 PCT11JS20061019659 15 [059] In greater

' Figure 1B discloses the inhalation g <
W‘?%@g}ﬂgf?sﬂon val ve di aphragm nenber 10, the ngflgg%og e%:’9

13, the connecting tube 19, dAd the junction 22. A
conmbi ned seal i ng assenbly 6 includes a conbi ned

seal ing nenber 30, a_rigid support disk 3 n :
c onvarey isetlsEFAsFAAH é:og%g%m%h’focaoée%gsrg% diser, og’xiih lsgorﬁel is mot

o e o B PR B rH LoT EA BIbbD A
e P L
LG bR RS o W P
e IS5l 8 GRS bl ot

exhdl S on i RAB 1 S0 B Bk e e i
jungtion 52 Y 8 SHRNOLHLAGAlHE bilien 48 sithisbh B5haf o the

top esenbl'es spokes extending out to an

t [ T, f 1S ' ion.
oo Sonpehs, ok St fig PRI IRACELY Tk mbuhyiCic Ib@n HRhalar

doed” nmovement across it, e.g.,

fromtop.to he o wat 8y {nlati
j un é;{)rll(%% from ‘gl%%ﬁ 2 Fde P B W AGorkAPTHR An& 19 WRct ation

y secures the conbined sealing

ths S\\% éf!r?] th&ﬁan@ﬁ%l@dointvﬁw& Y Q£ Yl 2B HBRARS phfbeFakv@ GRRB shares

ese two structures. Inportantly, the

junchiofy 22 HOUSESyilNGeCHBMREM FalveMVhed @¥Nabdel onis in use,

pressure 1's mal ntal ned by the conbination of the

| nhal 414 00 VAl ¥Se AR Ay enSXRABL1EA valalaue thrdizh thouBalation

nost portion of the chanmber 23 within the junction 22

i's 1ol &5 theloustiiect W HiORBAICSH! tHOher. Ahe &S thahis Suliséquently
where splash / fl'ood water would first accunul ate.

[ 060k, Tby Em2 AN RS AdRe hiigh akid exhakén Falvsome through the
t hi n- passages 8, and the inhalation valve di aphragm

- memghaididn RS WAk @8 ckipgatdedxit Gk Bhdrke. Exbhled atricamalso exit
| the snorkel 1 throngh the purge valve. Additional details regarding exemplary
structures for the inhalation valve, the inhalation conduit, the mouthpiece, the

exhalation valve, the exhalation conduit, and the purge valve now follows. |
[058] The snorkel 1 includes several major structural elements inciuding an
inhalation cap 7, 2 main tube 13, 2 connecting tube 19, a mouthpiece 54, a junction 22
which houses a chamber 23, an exhalation conduit 48, and a purge teservolr 27. At the
lower end of the snorkel 1 is the purge cap 50. Near the upper end of the main tube 13

is the exhalation conduit exit port 16 where the exhaled air normally exits the snorkel

1.




val ve. The inhal ati on val ve di aphragm nmenber 10 has
an optional partial thickness groove 12 across its
dianeter and is centrally anchored at its centra
y the inhalation valve anchor 9 t [
Rl gure 2B and Figure 2C. WO 2006/ , BepmiAocurscss
PCT/ 11S2006/ 019659 16 [ 0611 1Bi gure 2B shows a
transverse sectional view of the i nhal ation cap 7 and

t he def d sh f_th [ .
neﬁwta% 26”1?%%%%%%% éfﬁh‘ ;ES @sﬁﬂm 'h;f‘%z%m
position as occur g in 50 s o eﬂh@ edy al I3 e
pas¥ae digplieay Mo ﬁ\ tB gl ® fc e Fn i o
araknst Sk OB e G g .
the inhal ation The |nha t|o ¥ flexibl
il apTER PRI TSR S00%Hdss sargiui CRAnTae oy VBl Sprves to bty
dle?Er TS tO m nl m ze a g_nhaﬁrﬁl 9 5.1{7 g\gliglﬁlsglaﬁ?ﬂgﬁ&al component
r es FOPSHIRERHTP GOPORTR AL gﬁe BHC0 g

|on con e opt1 onal

gﬂ 8§\§1|6t0 élce;gﬁegs/léngt%r 00\6? u%‘g,? At & Ee?ﬂugg l%g‘?ﬁtgf an exhalation

|on a a nore I cl ent

but rfllgy, hif 42 ﬁxhtéﬁg# 1803k nlounk 6 iR bRt of s

cap hm passages onbi ne

| ¢ ers o
al r% ? g%ghown Hd Yl r@uﬁee4§g1 &) bt RO LS 'ﬂ:@%ﬁtﬂ@ hnbers of

st ance even I nhal ati on fl ow

rates, own B r@gﬁ}@uﬂ{s@& Q&eﬁénﬁ dahiRribHPbeRbdcRihe SR tube

7 a correspondlng reads on

Lhe zgamg&h&% il ifon HESGHIRASE plf 451 1 eblon B0 Bhver mount

gure 'S si ar to Figure 2 but shows the

' n h%g}%‘] Eeogﬂ et 14 Bhe Qﬁcﬁgﬁ" RGN, BREERhy HPicthufe 4¢ Fhich on a top down

flatt ape ad occurs while not i nhal i ng. The
i nhalal LonMal YRrel ARdHGBE0IRITR fonke rna IThekEdry,, thie pporting

gently, assunes this flat shape when no pressure

gr a%ﬁ&ﬁre ¥ 'd%és%o@ﬁﬁ&aé AL ¢ ai¥ Alovemdnd 268 &1 e.&.OFrbi Rdpiobettom.
the closing sounds that woul d be experienced if the

val v ug%en&b 4o! e Nonkt the | judcBibE @f uhdl Yheadbp Sedires thd eombimed
as exhal ation occurs, the valve remains tightly

cl oss%ﬁu%%s&ehﬁlypﬁ VRN RETINRE fBmbixied®xiabattebren these two
val ve (described in Figures 6A, 6B, and 6C) at the .
bot t @ifes. Mortantly, the junction 22 houses the chamber 23 where exhalation

pressure is maintained by the combination of the inhalation valve and the exhalation
valve. The lower most portion of the chamber 23 within the junction 22 is refered to
as the purge reservoir 27 as this is where splash / flood water would first accumulate,

[060] Figure 2A shows the inhalation cap 7, some thru-passages g, and the
ighalation valve diaphragm member 10, which taken together form the inhalation
valve. The inhalation valve diaphragm member 10 bas an optional partial thickness
groove 12 across its diameter and is centrally anchored at its central hole 11 by the

inhalation valve anchor 9 that is shown in Figure 2B and Figure 2C.



snorkel 1 propagates within the snorkel 1 to provide
the closing pressure for this inhalation valve. As
long as the snorkel 1 is generally oriented in the

e position (i.e., with the inhal abirPRsdaddSeso
‘Wﬁ?%ﬁgéﬁgﬁan t he exhal ation valve), and the userS |s1
not actively inhaling, this pgéessure will be adequate

to prevent water fromentering the snorkel 1 via the

17" 655] *RFgHF SBA0SH b RV hLyB) e LA AR ] end
i glpl{[%quct o T hlatol ey %lag%a%% SHeGt 1 Edrasdlifive of
e IR P@aggggf B Bbreps SEhEPRpuL PIRAEP o e

conpone

The represented str af.. Lhe nh o

ar e thgenzh s ﬁ?ﬁt}k\/‘etlg‘? B’Pa e (}h eiglghé%% eyerhfer fore
The main tube's c ntral nn f e
inhgpéﬂﬂﬁwwnFﬂﬁﬁFtﬁ@mﬁﬁﬁgpq%lﬁﬁtv al've gﬁdh¥ﬁﬁ&&?%%gﬁt1ﬁ
Ibﬁﬁ %{{E@F%ﬂ %@ESS% (cﬁll}ﬂp Ly n Ct 1]93r aJtOh 15”@ xﬂ)ie Mhe easily  deforms to

e1n atlon conduit is

defined.to be net )
st  AERGFEETY FPBHOuA e aﬁ%%gfh;: B BhaliOk piona

Ip ﬁts %g?%ll eg chtl;]raév%tlb %&o%sq%%la EIdPRUYRE vak: th Sumction as a more

e nmain and provides a

AT e i Tl

exh aEplgxs(g;n ok '$ %n{%HllérE LAY P lshbiaAP midih2 H@StdRibution to airway
ef f ec F% °F'm nat s a potential air |eak between

gpe trﬁ Xsta%JcQL\Leﬁ a @ﬁ@%g%& (B APk e ibrad Alréaan 55 6tiheiihilation

e snor coul d otherw se be problematic

as tcggfﬁgéégg%gpa GRRIWith cofBspBAGSE Sudall QHGhe blalrstube 13 as

wal | ation conduit. The exhal ation
con t 16 is an opening in the
inhgﬁg%?%%hg%ndu{% t hrough whi ch the exhal ation
CO”%{;:I 48 rig¥l 0 ihensRotkgligds 2B @utmahowst tbeinidathasvalve
I'psoi d cross-section 17 at its lower end to

r edl{ﬁﬁ)h;b\égir SEAMBEM € ird ia Favkicl eshapsl #ETOdRars awitllel ot inhaling. The
transi'tions to a circular cross- section 18 at its
UP P ELn AR tv@iva kilag¥adr ereinbbrad cataheallyc s s@ntlypassumes this flat shape
screw nount. The | ower

when no pressurc gradient exists across the valve in order to minimize the closing

sounds that would be experienced if the valve did not flatten until forcefully closed.
Then, as exhalation occurs, the valve remains tightly closed as the pressure acting on
the exhalation valve (described in Figures 6A, 6B, and 6C) at the bottom of the
snorkel 1 propagates within the snorkel 1 to provide the closing pressure for this
inhalation valve. As long as the snorkel 1 is generally oriented m the normal use
position (i.e., with the inhalation valve higher than the sxhalation valve), and the user
is not actively inhaling, this pressure will be adequate to prevent water from entering

the snorkel 1 via the inhalation cap 7.




end of the main tube 13 nounts to the flexible
connecting tube 19 with the ribs on nain tube 57
mating with the grooves in connecting tube 58. [064]
shows the circul ar cross-section
WSE&E@%S% of the main tube 13 and Figure 3%:@%@%%@&)@19659
the el lipsoid cross-section 17/ of the | ower end of
the main tube 13. Figure 3D is identical to Figure

o AL, ey ahhgr s RESHar R ime iy B el 8 (Fand i
i’ﬁ ‘BTEZ ?%f%ﬁﬁ%bﬁ%ﬁfw%ﬁ@??#ﬁg@f@fﬁ fipfifie s win
t ube, TRHRS & P emﬁ ?biﬁ%ﬁ%ég i eX@eoe e pf]% bn fﬂ%g’ felfective
© he CSRBIERT e s e o B B ff°ﬂ ke Wl efioed above
di Vi N0 Hea0H 1030 RN FERULDELD Has u{ﬁ@@aly recaives

Fig tTANSVEr se sectl o Vi ew o

ri bbl g4 exkbl &, mrﬂmnlg%n %VW &ﬁ%ergfgret Mmésstht,akt%gnd functional

desc |n1E|gure own 1s the central

chann el ?f é}lrﬁﬁ%nfé “?H%'er‘lﬁr}hé Sndi®nhidufl is defined to be the

funSPlona ation conduit. Further

reve t‘,?q i B %@%éqan%go%%eﬁ H&lé&p&%ﬁm&% QRUED WictOhihdidiCair sequentially

connecti ng at mate with corresponding ribs

57\/\;;511 sdob eyl Rail iR SuredudoS AWt 118 iEirBAke wi) theRdint I8 13 and

grooves 59 of t connecting tube 19 that mate

' 6%:54&@& a@%cﬂ& Gl it DS HirlsPRNiRR tHo SHRWBd biTheRixBAM R D) 48 is

Figure 5A Is an expl oded side view of the

unct éaﬁ&lgl%d?%é fhotiohelxBdi8ln tife misihthigSftug 49) This design effectively
particul ar hree nounts are integral to the junction

22 | ekiliinOpdihifial SORME6HNES: thel BB tonddit W kil ihé Sahalation
at t achment rlbs 60, the nout hpiece nmount 25 with its

at t agAARNGS thd Berbill tanduldREeBIEDR: fEetleniatid af the Oxthalatibn conduit
its external threads 64. [068] The junction 22 houses

a SNRY hasiea HdbiEh GRAHRE bf B3 inhyvidvordie Theshalitiohabmidit exit port
air fromthe central channel 20 of the connecting

t ube1d & dnsdpeiifg i thEiigiilafion conduit through which the exhalation conduit 48

exits the snorkel 1. The main tube 13 has an ellipsoid cross-section 17 at iis lower end
to Teduce hydrodynamic drag while swimming and it transitions to a circular cross-
section 18 at its upper end to allow the inhalation cap 7 to screw-mount. The lower
end of the main tube 13 mounts to the flexible connecting tube 19 with the ribs on
main tube 57 mating with the grooves in connecting tube 38,

[064] Figure 3B shows the circular cross-section 18 of the upper end of the main
tube 13 and Figure 3C shows the ellipsoid cross-section 17 of the lower end of the
main tube 13. Figure 3D is identical to Figure 3A except that it also shows the

exhalation be 48 as it courses through the main tube 13.



4B), thereby becoming the fourth fractional menber of

the inhalation conduit. In other enbodinents, the

chanber m ght not be a functional nenber of the

i on conduit. This chanber 23 receiv
W‘J%?Jrz’g)#ra’%%r%the nout hpi ece 54. Thi s chanber géﬂﬁmﬁ%’ﬁgﬁﬁ

pressuri zed during exhal ati ongand functionally

provi des the counter pressure to the user's airways.

The | ower region of the cha

er.23. LS
spel6Fl cal Figure dfeis racte How Qggleﬁg’ qu F SEESHE ubs A0 The
as any captured water acc e 6
The ot i promida SHHBISEL o nﬁaﬁ'@i I &H{-L el 3§ Pt
val ve and rge_valve. Int pr.e e
! he el tond Thinvering pra GssomPiee SORET TP o PRTRenL & TOgs o
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ation valve. Inasnuch as th
exhalﬁtlo%ﬁ;ube | ower nount 44 directs exhal ed alr

frort 158 nmber 23 to the exhal ation tube 48 (al so
ref Pgﬁd t Pifdre g%xhi@laﬁté JGOREEw FBhe uddiRn 22 and its related
exh ion ve is conprised of elenents of the
combjin | %@gp{n}é 0 a@ ke drMCroSBa kdnBibnl 1 Bcidding the
whlfﬁm§ﬁ3§%§ %Rﬁ crlbedu?n nnrgéﬁetallhln Fi gures
cggaec @]ﬂb@&om{t 04 TAm bk SicBmai gt 66 tsawshhidie npuit@s with
cap screws onto the unction 22 at the
cor resRoRdl-RGHIRY Nnd thERSrgP biGSouGa® With B Geriab theadwdd.
with the purge cap
[068] The junction 22 hounses a small volume chamber 23, which receives

inhaled air from the cenfral channel 20 of the conneciing tube 19 (shown in Figure
4B), thereby becoming the fourth functional member of the mhalation conduit. In
other embodiments, the chamber might not be a functional member of the inhalation
conduit. This chamber 23 receives exhaled air from the mouthpiece 54. This chamber
23 is pressurized during exhalation and functionally provides the counter pressure fo
the user's airways. The lower region of the chamber 23 is more specifically referred to
as the purge reservoir 27, as any captured water accumulates here fust.

[069] The wnction 22 also houses the functional exhalation valve apd purge

valve, Tn the preferred embodiment, these two valves share three siructural elements




perforations 52 which all ow water pressure to act on
the exhal ati on valve and provides an exit for water
that is purged across the purge valve. Figure 5B is
oded perspective view of the conbin ' <
“Kgggg§%%§ 6. This assenbly conprises the Sif?g%ﬁﬁ&hﬁﬁbg
rubber conbi ned sealing nenbé? 30, the rigid support
di sk 36, and the flexible convol uted nmenbrane 40.
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around its mid . Hﬁka&h 1RV BSwes SfoMhid4 directs exhaled air
att & %ﬂ?ﬁ%’?ﬁ%ﬁ@%ﬁ sup%orot di sk 36. The hol | ow

regi:on 2 cﬁ&n@&vﬁ to %eexﬁ%mw 4384kd Rbra® R exRfatibd conduit
be conpressed for assenbly purposes, and provides a
recegy %&%la{i [ vaB2 i OBk 8 or3RMRY ofBe (dThighbideedify assembly
t hat cou urther refine the exhalation airway :
pre 65,k DS FitbliloRR ateWebEBI i@ ehoksndekdilcin Flghust 64, 6B,
[O7§?Maﬁg gfgégﬂgupportldisk 36 provides severa
fungtjgRs: It supports the conbined sealing nember
30 that allows the exhal ati on val ve seal i ng nenber 31
to [6’?31'1 M a pahabd £ a6 tlowdithd pubdbesap 88wl serewgontd the unction 22
(shown"in Figure 6A, Figure 6B, and Figure 6C); it
Pr oV §eScreiofd@itly Sabuhi2 0Be Pige Rap S0Malso Hs lnsvrawith ¢iwt purge cap
wat er pressure 66

perforations 52 which allow water pressure 0 act on the exhalation valve and

provides an exit for water that is purged across the purge valve. Figure 5B is an
exploded perspective view of the combimed sealing assembly 6. This assembly
comprises the silicon rubber combined sealing member 30, the rigid support disk 36,
and the flexible convoluted membrane 40.

[872] The combined sealing member 30, which is a one-part structure, provides
the exhalation valve sealing member 31 and the purge valve sealing member 32. in
the preferred embodiment, the exhalation valve gealing member 31 is dome-shaped in
order to very gradually open exit flow and reduce vibration as exhaled air escapes

across the exhalation valve when just minimally open. Other shapes that could




(depicted in Figure 6A, Figure 6B, and Figure 6C)

acts to bal ance the desired exhalation airway

pressure 65 (depicted in Figure 6A, Figure 6B, and

wo b Hs6C0) within the snorkel 1. it supporbepkBfiemiosse
purge” val ve sealing nenber 32 to maintain proximty
with the sealing surface of 28ne disk; and it

provi des a snmooth, rigid surface against which the
purge val ve sealing nmenber 32 .can_seal
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e 31 to appropriately open and close its seal

agai nst. L 36hs 30 Bt Aifows( B OMBIatidh Fal@UEAinG Asember 31 to
Fi gucPléjgg'ggegn gure 66) - thereby utilizing the

anbi gnt o YR eal PHEHS waﬁng%xglf@ (SR iatiGurb B, WIG@E 6B, and Figore

i mmersed and subnmersed exhal ation rates. The

cony, utite?mﬁﬁggbﬁ ANEadA QirBBS afaife WHichl he Neibidnt Adatdr Oressure 66
securg’at achment to the rigid support disk 36 and a
peri @ggét@d HARGIRS 6A2Fpffe GICANICFIERYIB0) NGtsi 1 Haltfices flrCdesired
defi by the convol'uted nenbrane junction groove

28 (Qhahile: HRGY I RExR2 68 qaGhdeE FigeparaFiiuy 6B) ohil Gimue 6C)
6A) and the correspondi ng convol uted nenbrane purge _
CapP within the snorkel 1; it supports the purge valve sealing member 32 fo maintain

proximity with the sealing surface of same digk; and it provides a smooth, rigid
surface against which the purge valve sealing'member 32 can seal. The rapid purge
chanmels 39 in the rigid support disk 36 are closed by the purge valve sealing member
32, except during active purging operations when airway pressure 65 reaches a
sufficient threshold for them to open for very rapid purge, taking full advantage of the
higher exhalation airway pressures 65 which are mamtained within the sporkel 1. The
central hole 37 in the rigid support disk 36 supports the combined sealing member 30

at said member's attachment groove 34. The outer groove 38 of the rigid support disk



groove 51 (of the purge cap 50 described separately
in Figure 6A). The screw nount of the purge cap 50
onto the unction 22 slightly conpresses this

W(Pﬁ)r(){s g§7al anchor 42, which beneficially Cf*fﬁhﬁ%ﬂé’?ﬂmﬁﬂ
Sea 0 prevent water fromentering the snorkel 1,

and helps to lock the threadd of the purge cap nount
29. [0751 Figure 5C is a transverse sectional view of

the parts shown in Fjgure 5B. Fjgure 5D.i A

of  BhBoTHRABHNE BHETg Rt s dchd 4 S5 % iR Coff¥binte
the parts of Figure 5B. Figure 5E is a transverse
sectEwh@re 44- ew of the combined sealing assembly 6 as

conprised by the parts of Figure 10 i
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thate ) Sa 9%%\1&% 6h D Lhd sl Sie@rolling Sordrolufed NBMEYEL puzge cap
sectional "view of the unction 22 wth the exhalation

val V%?odv@ sPRE DS daB%0 dlidkiBed depithtgly iSFigRE PAR T baew mount
to that of Figure 5C, except that Figure 5D depicts

the QRO iQRp 96 o8 it 13 IsBEtig Borpressbs this péripberal anchor 42,
user's ‘alrway pressure 65 exceeds anbi ent water

Pr esgmbe bbficihiResedis £xRl ol figvet Watkr from entering the snorkel 1, and

helps to lock the threads of the purge cap mount 29.

16751 Figure 5C is a transverse sectional view of the parts shown in Figure 5B.
Figure 5D is top view of the Combined sealing assembly 6 as comprised by the parts
of Figure 5B. Figure 5E is a transverse sectional view of the combined sealing
assembly 6 as comprised by the parts of Figure 5C.

i076} Figure 6A is a fransverse sectional view of the unction 22 with the
exhalation valve in closed position. Numerous items identified in this figure are
described in detail in Figure SA and Figure 5B. Of note, the user's airway pressure 63,
which acts on the combined sealing assembly 6 from above, is Madequate to

overcome the inward compressing foroce that the ambient water pressure 66 produces



downward force on the Conbi ned sealing assenbly 6,
renovi ng the exhal ati on valve sealing nmenber 31 from
its sealing position against the sealing ring 47.

Wws 67 depict the direction of air
W&k@%%gfhe chanber 23, across the exhal ati%trie)\ﬁg 0\9%’?19659
and into the exhal ation tube 28, fromwhence it is
channel ed to exit the snorkel 1. The convol uted

menbrane 40 assunes a  tyansverse section hape..t.h
i s &ompalornThersiprenthe prialafenyalvessing Fn(emgf:rs 1 %%‘“%g*.“% Hosure
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tra Figure 7A is a sectional view of an
al t &g V6 SRR Saitto® ihrbd8 18 REKR): 23, belokathe exhalation valve,

repl aces the three parts of the conbined sealing

as s efflito e Wil BN 8108 181 GHofn whBLSRE chi@ribbtorxit dishadrkel 1. The
part, the flexible sealing nenber 69. In doing so,

the JAGhit@Remtrane A0 sudisk 8 Gafsiise/Gctioatichireehat is compatible with
exhal ati on tube | ower nount 77 are all nodified for

t hi Sme BbiiHpRE AR 36 BhAGhaARI lowdithg of dxiakirblek seal i ng
menber 69 has a seal i ng nenber

[078] Figure 6C is a transverse sectional view of the unction 22 with the purge

valve in open position. Note that the exhalation valve is also in open position, because
the afrway pressure 63 required for purging is excessive for normal exhalation. As per
Figure 6A and Figure 6B, the description of many items shown in this figure 1s
deferred to their descriptions in Figure 5A and Figure 5B. Note that the purge vah}fe
sealing member 32 is separated from the rigid support disk 36, thereby allowing the
contents of the snorkel 1 to be expelled through the rapid purge channels 39. The
purge Vaive sealing member 32 has a bias for closure molded into its shape such that

the airway pressure 65 must be distinctly greater than the ambient water pressure 66




anchor 70 along it circunference that secures this
menber to the junction 75 and the purge cap 76 in
simlar fashion to the peripheral anchor 42
' |y described for the preferred enbg <
W(%‘@X/H%e%?l bl e seal i ng nenber 69 al so has a s |ngBﬁmlgtbg
donme 73 conponent that providdes the functlonallty of
t he exhal ati on val ve seal i ng nmenber 31 previ ously
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normal exhalation as is the

IC‘;”% V&%}fn&ﬁr %ﬁne toﬁﬁleg{ eher fSGLIE @pa‘iigé MR bet Bo Fiag Wl 2B, member

alrway pressure 65 is adequate for

exh adl ok 9 al?ﬁé;& g é‘%ﬁrﬁg\‘gﬁ@tﬁt £ Qbrel AR Hemtd EDBe junction 75 and the

oper-at| dome 73 has separated fromthe

to hﬁi?@{e c%ﬂ 75 WDEmEAbL A to T brififer@lah Hol 2D pRDRNLEEsaibed for

e snorkel 1 as shown by the flow arrows 75

Y tZtE %&Z&é&mﬁﬁ&%ﬁ@ﬁéﬁ@é%ﬁ% medbel 68413 Haks § Wabing/Gme 73

ternative enbodi ment of Figure 7Ain a

CONGiotn@knPhat ROVIER tRPRAMhORy SShd ExbbitorCandistding mefiber 31
the preferred enbodiment in Figure 6C, in which the

al 1 RY iR SR B Bor ki R¥ERUSH Rk TS HEH duporsisltIde of the
for purging. Purge slits 72 are now evident in the

| OVVerofeRbH ShibolinkenEBR bestbéiBiindall Aatopasnal igid fFing 74 Iplag Joe placed
accordion wall 71. These purge slits 72 open with

suf figiiefe dRERS Fo18E0M Be prcomiciewaX Tlefor edditignal mechanical support.
capability, but otherw se generally remain closed for

nor Medrgodaakiadsi a@fasititated ibly ia@&ies of small purge slits 72 in the outer folds of

accordion wall 71 which remain closed due to the molded shape of the wall and the
compressive forces of ambient water, until the airway pressure 65 is adequate to fully
distend the accordion wall 71, thersby opening these purge slits 72 in a fashion
similar to duck bill valves.

[680] Figure 7B is the aliernative erﬁbo&iment of Figure 7 A in a condition of
normal exhalation as is the condition of the preferred embodiment in Figure 6B, m
which the airway pressure 65 is adequate for exhalation, but inadequate for rapid
purge operation. The sealing dome 73 has separated from the exhalation ube scaling

ring 47 allowing exhaled air to exit the snorkel 1 as shown by the flow amrows 75



[082] Figure 8 reveal s another enbodi ment of the
snorkel 1 that now features a significantly nodified
design of the junction 78 that simlarly contains a

O for counter pressure, but has ap-r
. : TUS2006/019659
‘Wégﬁgﬁgéﬁﬁn exit port 83 near the bottom of tﬁe

snorkel 1, an external exhal2ati on tube nount 84, and
an external exhal ation tube. The noving el enent
whi ch provi des counter pressur
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functions to regulate the exhalation

ratg g}I extteh & 1%)?1%?%019%1‘6@ [nguxyﬁﬁ, 8\ 68eAB exREtIR ibe Ahe moving

nmout'h™or chés eve ependi ng on the confort of

the users Wﬂ%ﬁ dJééi’\H&:Js' QBB phEaSreD &R bub RBYide8 MREltiTd ep-dxpRatory

preferred e rment (described in Figures 5A thm 5D
a% (Pgésgﬂé fssthe(séaﬁllig éﬁp@?wﬂi&f travbiB icSaxlily @A RIsipRried laterally by 2
e

iment as It may be adapted for scuba or snuba

pur %ﬁ%@ﬁbcug@i Q6heba7 55 7mPEHbSI0R60 1868 @5in the chamber

Furt r he Tout hpi ece nount 25 of the preferred

snor kel . te 8IROHi BAmbRASwaiRESRa@t b6( fiddeeihoasp Bhsepatages from
not necessary for scuba. The exhal ation vent fromthe

sepagatQing GIR2S ﬁ%%( £F 103dstz6 MRS el space abovenibe péritgeier of the
tube 94 to the ribbed 90 connecting tube nount 89.

The @xihalcas kONHidHend2vdiae ibee axtaigriltalatiantuby 86 via the external

shortened and the
exhalation tube mount 85. A shidng seal 87 helps maintain dryness within the snorkel.
[083] Figure 9 is a transverse sectional view of the enclosing structures of the
exhalation valve as is modified to attach, via a non-collapsible air tube, to the
exhalation vent on a typical scuba regulator. This invention, in effect, becomes an
"exhalation regulator” for scuba diving purposes, as it functions to regulate the
eﬁdaﬁon rate of the scuba diver. The device may be worn at mouth or chest level,
depending on the comfort of the user. The junction 88 has been shortened from the

preferred embodiment (described in Figures 5A thru SD and Figures 6A thru 6C) for

this alternative embodiment as it may be adapted for scuba or snuba purposes.




exhal ation conduit exit port 95 has been noved to the

junction 88. The chanber 93 inportantly continues to

serve as a counter pressure chamber to acconplish the

‘Néga%ﬂyg exhal ation pressures as descri bed @@FﬁkﬂmﬁmEMﬂ)
gure al so includes a transverse sectional Vview

of the exhal ation valve and r2d ated structures as

described in Figure 6B and as adapted to nount to
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Cong%?%ﬁ%3§§&§§H igc osed dg?ggaﬁ%re herein. After

ai r [%giler S L&Q_teﬁscicl&ﬁi @hmﬁélﬁési Ol G dLO:'.Bt, al Qbritel 1 1QU OfAciudes an
t he one-way inhalation valve, the air enters the
chanfigrn, Q6 @Rt WesSakaRh | Thelfokahdb edcdifigied to inclnde
user through a first opening 108. A nouthpiece can be
conngetedt thOsandQobpbisehnts G @i RYrk¥0. 20BErd27A arfd 1B, including an
PCTI USZ006/ 019659 26 108 using ribs 110 to

f aci iphdiglod R dJ Mg ldle] ©BormBding xita) Alliaqfoutiipicas.r Alilough these
the user. After air is inhaled through the first
Openidghoddds aré A& sUGAT mFagirEUIoBend a0B, iyis exdadiedabat snorkel 100

is configured to function with these components in place as disclosed in Figures 1A
and 1B. The snorkel 100 inciudes an inhalation conduit 102. The outside of the
inhalation conduit 102 includes ribs 104 to which a connecting tube and a main tube
can be attached, as shown in Figures 1A and 1B. Air enters the inhalation tube
fhrough an inhalation valve that is a one-way vaive which allows air to flow nto the
inhalation conduit 102 but not out of the inbalation condunit 102, as disclosed
elsewhere herein. After air enters into the inhalation conduit 102 through the one-way
inhalation valve, the air enters the chamber 106 and can subéequenﬂy be inhaled by a

user thrbugh a first opening 108. A mouthpiece can be connected to the first opening



t hrough the first opening 108 and back into the
chanber 106. Since the inhalation valve through
which air entered the inhalation conduit 102 is a
- valve, air that is exhaled into thg-ehanb
ngﬁmﬁ%t%ﬂexit the snorkel 100 through the inEgFatl 0%519659
conduit 102. Instead, the exhd ed air builds up in
the chanmber 106 creating an exhal ation pressure in
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wi th the exhalation port, such that the chanber ports

par taRle! Mats UnH AHB dutdibnseioh@ki e O halt portt TH2Swhen the flexible
definition does not include a situation where the

Chanhgh: PRI 136 isSH iHeQlbash (REitios Wb Gkdamki &l Higtearound t he

exhal ation port, such as is shown in rigid support

di skpgg of TikicpuHiRS poR BAdrSdsitisidoppalt th kklahtiol ponk32. In

t he %Iexible menbrane 130 to gradually WO 2006/ 127557

PCT/ 45288640 18689 the 2Taing athe ahaye fhon tdast mml shempdr gioet being

120 begi nning on the side of the flexible nenbrane
positioned opposite the exhalation port” is defined as the exhalation port being

positioned on substantially one side of the valve plate 120, and the at least one
chamber port being positioned on substantially the other side of the valve plate 126.
Continving with this definition, alfbough this definition inciudes a situation, such as
shown in Figures 11D and 13D, where there is some overiap of the chamber poris
with the exhalation port, such that the chamber ports partially surround the exhalation
port, this definition does not include a situation where the chamber ports surround or
substantially around the exhalation port, such as is shown in rigid support disk 36 of

Figures 5B and 5D. This definition allows the flexible membrane 130 to gradually




130 that is positioned directly underneath the
chanmber ports. [0871 Al so disclosed in Figures 10A
and 10B is an exhal ation conduit |ower nount 122

wéﬁ’Qh%Hz’fsQf”B part of an exhalation conduit 128+u:8bos/019659
exhal ati1 on tube 124 attaches to the exhal ation

conduit lower nmount 122 at ri2¥s 126. [0881 When the
snorkel 100 is submerged in water, the ambient water

DS Red oo Bk W MR PRy Dol e O Qo aorbrane
D §9% bevh ot St ida R RS cxinal ation

O o108 * an Mg Binisty s A6 RE 32 L b conduit ower
of e, LR B 1500 o onainso Ry B, aniffiifiol ibe 124
t he scaiies B bpn st el Bol 1 Brnflie O PR A
e S L e
o Tyl a0 (9 TR b 13 s
15515t e 7 0l BRI 8 R s o
cpon o 0E R Lt A Bt bl g o
the SR %meo PRt 233 Bn R HethIS ineRiBRSE 280 Eddugy 0chamber

air released fromthe charmber 106 through the
exh aé/o@lts 190 SarvkIRute B, B GRS dortd11 401 Bissahcl Sfible membrane

however, en the opening force 140 exceeds the

Cl 059G, 208Gt afdn. tA18hd Latnel 1Bh& 1IN D &atd Presba@Sof N water
seal the exhalation port 132 and exhaled air 142 is

r el easetndd-Om hibercHBRshetel 100adtist: dibiing forbab@ivhioh biases the
conduit 128. Once the exhaled air 142 reaches the

exhahatiiomemaRdli t 1328, a scbhtfd dhebitdne dhaifirst Bdeetios of the opening
rel eased fromthe snorkel 100. 10901 As disclosed in

Fi guiees 14b A saehnfid B, oppdife frk @xdobd iretterhuf dpeloking faemi 50.
optional ly include protrusions 138 which are

i nt epgal | Y AodisR6ked i Hifae 10 AxiiEnabaD2QM6Icd 256B Ereater than or

PCTI US20061019659

equal to the opening force 140, the flexible membzane 130 seals the exhalation port
132 such that substantially no air is released from the chamber 106 through the
exhalation port 132. As disclosed in Figure 10B, however, when the opening force
140 exceeds the closing force 150, the flexible membrane 130 does not seal the
exhalation port 132 and exhaled air 142 is released from the chamber 106 inio the
exhalation condnit 128. Once the exhaled air 142 reaches the exhalation conduit 128,
the exhaled air 142 is released from the snorkel 100.

[090] As disclosed in Figures 11A and 11B, the flexible membrane 130 can

optionally inclide protmusions 138 which are integrally formed in the flexible



28 nmenbrane 130 and serve to danpen the inpact of the
flexi bl e menbrane 130 cl osing against the val ve
plate 134 to decrease the noise that can be invol ved
i, th, closing of the flexible nenbrane _
W%@?f#gtgﬁt he val ve plate 120. As di scl osed i%@%{}éﬁ]})g%wﬁw
11 C and | 1D, the valve plaf®& 120 can al so
optionally include protrusions 136 which are

i nt & énﬁl%r% 1{33 ra{nnﬁger\;eQO %L}S%a%%]lavi ﬁ)%t%!f Bie HE QbR %nﬁ?&‘ﬁ@ 130 closing

subs e sane nction as the protrusions

138. a T‘E‘gt tﬁ@é{)}%\!&%ﬁ#ﬁ ﬁ;ﬂgg éﬁ§e2ﬂ19 BoiEJ]tﬁat\é%Il M@in%l@éd%ﬂ'zztﬂe. closing

can ormed I1n a teardrop shape in

ord 2% t%egflle%t}alleor\%z{lﬁgues%g gga%st ﬁl@ @al@?t;@/ ll@(g As Q%EIB&G@ lﬁ'|1 fl"ﬁgures 11C

t he ex I on port to 1nit be very sma

and 1 ﬁba%avjaiv)é pitL o daRLRE Q)F@(ﬁnafl}hﬁlcfuh@ toRliSons 136 whick are

menbrane 1 peal’'s away fromthe val ve plate 120.

.F g Ulﬁl%g'z]all# %rmg? ﬁpi!hg %%ge ﬁl@@llﬁb" ahdRive @Qﬁstaﬁﬁél@%éjﬁfﬂe Rbtion as

in the“valve plate 120, only one chanber port is

POS S| | $380IBhet BfMlatlofOp &N ABDRY 1ROVAIS plaOBb A% al
disc?%ggo |nn$?éure EZA-liéﬁp% snor kel 200 iﬁcludes %

anot R deClbid MG 8% 0 o ¥ALVS MeRTthOisadA B unsealed
The Qﬁ%?igl 200 i s iden??%g%bto t he snor kel 100 of

Fi gugc%ml@%a@%aia%& pSXEEPko HfRtly bhQeakMe apl & graddly srow
and the flexible nenbrane 130 has been replaced with

a di ffRf fthe NHBISmBhBLR BOQeas dway fid: feveRE plafel 12X iFives 11D
menbrane 180. The air flows through the snorkel 200

i N adisdisied Bvo FRMBEOMES 34 LR Gh tenalkgliatd O, only one chamber
including the fact that exhal ed air becones trapped
LN Chara9bssiblDs is tbrrtRhywe eleaitiengprian exhal at i on
.Pressure within chanber 106. [092) The exenpl ary
snor pel] 200 ak sdiscidsed il bgrae VahvIECplaa toeoridd® R0&ndiclades another
flexi ble nmenbrane 180, which together form an
exhahlgimaone sidbiwton vEhe coafignentiph.afbe st@Bel 200 &lidmiis! anthe snorkel
exhal ati on port that is divided into an overlying
exhal@t bb Figoes t 1087 6ndaheB, @nenlribtisr thy ivalkye elkdiali 2t janh the flexible
- port 172. The valve plate also includes three chanber
por t membffy 1305 has bags remdeced] with aFfifferent @B, plgke fl e pidbk different
menbrane 180 is attached to the edges of valve plate
160 &edblk omobiaon $8G. The ein flowvhibraysh de soorkel 1280 inonsipartiashion as
170 and the | ower
through snorkel 100, including the fact that exhaled air becomes frapped in chamber

106, thereby creating an exhalation pressure within chamber 106.

09z} The exemplary snorkel 200 also includes a valve plate 160 and a flexible
membrane 18C, which together form an exhalation vaive. The valve plate 160
includes an exhalation port that is divided into an overlying exhalation port 170 and
an underlying exhalation port 172. The valve plate also includes three chamber ports
166, as illustrated in Figure 13D. A flexible membrane 180 is attached to the edges of
valve plate 160 and functions to seal the upper exhalation port 170 and the lower

exhalation port 172 when the flexible membrane 180 is in the closed position, as




exhal ati on port 172 when the flexible nmenbrane 180 is
in the closed position, as WO 2006/ 127557
PCT/ US2006/ 019659 29 disclosed in Figure 12A. Al so
j din Figure 10A and I OB is an exha
W(gho@%ﬁﬁl ower nount 162 which fornms part of 9&1‘/%2006/019659
exhal ation conduit 128. The é&Rhal ation condU|t | ower
mount 162 is divided by a septum 168 that creates an

over gl GO 17T IuEPELASRAN I 004 U UBISL LY Lildhuion

I on condu
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o ks it Kl CRBHLTE B
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cnal SVER R, 1 oot A1k Ul U 04 50 1105
U”deﬁﬁ&éh %Qx‘ﬂﬂﬂ' ﬁﬁ%ﬁespaxcﬁﬁé & g \&Q%H!n h%fauon ort 172. An
condenses al ong the i nside surface of e exhal ation

c Ond&hﬁla’&&%ﬁmbé ﬁlﬂt{al:he% @ fhe el Hidn MRt tlchﬁer 'nﬁ%h’gﬁz at ribs 164.

surface and collect 1n the underlying conduit

The gRdgis on@Retictis diZQ abh&! Pkl RBBsuck BRL %&f’lﬁe sﬂo&el 200 is

trap water that enters the exhal ation conduit 128

[ 093]n Waebnyt Rates Tk letlers2B0 ckBaistisR BAGRd 11N 1@ B eonteaem the
anbi ent water pressure of the water surrounding the

SNOT ket A0 caidei 8 36, (SRl whdal vatdfROMIARE albBO 112 Gaidd Shrface of
the valve plate 120, thus sealing the overlying

ex hak@tekRikiipe bbndbif Q28 Ntlwihend 1 ded HowmiGe iexddahdick @it coliect in
port 172. When a user exhales into the chanber 106,

t he @xhabalyigbonditeBUTIR dndatyidpdondidt U fufkSiofle tHeh@ore, to trap
chanber 106 creates an opening force 140 which acts

on t ketef hevehialsahdedhindoneoddd 128ir ough t he chanber

ports 166 of the valve plate 160. This-opening force
140 pvapes When fHeambktl20dndobmnged BOwater, the fainbiht water pressure
direction. At the sanme tine, the anbient water

pr essiithe wafer biveoundihe thessuorkel R0 ipnghes fhe fBxibirengdgane 180 agaimst
snorkel 200 acts as a closing force 150 which biases

t he fieaxivbbleteri@ e reallbdthe avedyingedelnidondiorted 0 pahthe Tnderlying
first direction of the opening force 140 is

substaniatial pyrt dFpo¥her a user exhales into the chamber 106, the exhalation

l-tr

pressure that builds up inside the charmber 106 creates an opening force 140 which
acts on the fexible membrane 180 through the chamber ports 166 of the valve plaie
160. This opening force 140 biases the flexible membrane 180 in a first direction. At
the same time, the ambient water pressure of the water surrounding the submerged
snorkel 200 acts as a closing force 150 which biases the flexible membrane 180 in a
second direction. The first direction of the opening force 140 is substantially opposite
the second direction of the closing force 150.

[094] As disclosed in Figure 12A, when the closing force 150 is greater than or

equal to the opening force 140, the flexible membrane 180 seals the exhalation port



the second direction of the closing force 150. [0941
As disclosed in Figure 12A, when the closing force
150 is greater than or equal to the opening force
: flexi bl e menbrane 180 seals the ex j
W&p%"g{“ 2006, 157557 PeT! Ue2006/ 019650 30 A RV EkARses)
that substantially no air is ¥l eased fromthe
chanber 106 through the exhalation port 132. As

F or da? S5, plpd i ilgaﬂolé.fﬁge $4, 4" s MopRR A6 houen e
R Pﬁgﬂ?ﬁ" 2380355 PR R, nhl¥er 8L L Pl fre
Condap eoerd B FuaORs o %‘%q‘ééfﬁ'if bR’ Fg 44l B seal e
N %%%mg%é%ire |s relea{asegg?éliatli Ig&ggy In%% chamber

the ¥ ron1 Snor

200. oé Q % 5&; Th elfg’f to %7&‘51’1595 %h&lﬁl%oh(?%é%g%’m@ the exhaled air

h|ng €-i I nged region

it cgs ally. e, 22 18Ridkd from th
kg At B Bl EDule 85! B SEREPAE: JORR fom e
surréﬁﬁmy regions of the flexible nenbrane 180.

When assenbl ed into snorkel 200, the hinged region

182)(@%;[] gns tﬂgx{bkgemglg%ﬁm@&cmg&cg niBal roglER2t DR, hinged

fle rane 180 bends al ong the hinged region

182, | gshe '%b;giéa@n 52 BiieAte meMBHahy | 10by making th
condh?ﬁnigaé%%n beggﬁﬁ unseal ed ﬁ%lle t he undeﬁigﬁng )

CONGY ded Jobfon'1RT B &@@has&m{ﬁ&ng b NG IdAubrave 180.
rquﬁﬁgd;%g)bend thé flexible neﬁ%?ane 180 at the

hi NOREed SeintealiBR sherkd1298, thd@hediheri@PEN dlighs WitiCEe depbim 168
required to bend the flexible nenbrane 180 such that

bot heubi @00 \ieh YheBoxit tnethbRna 8D bdnbe aldnel eiel tyigad rdpiunt 582, as
172 are unseal ed, as disclosed in Figure 12C. [0961

Thi sgighidséeemege i10B] e v@FER cod@AN Ta0:ah Ge@ene@ealed athile the
to unseal the overlylng exhal ation port 170 and the

gr eag@erheResinag: | 79 emaine quaicdeThd epening &ate 140erequired to bend the
underlying exhalation port 172 allows a user of the
snor f&livi? A8mbane X fhehabingm tegiot hEDisdgessttm the opening force 140

required to bend the flexible membrene 180 such that both the overlying port 170 and
the undertying ports 172 are unsealed, as disclosed in Figure 12C.

{096] This difference in the lesser opening force required o unseal the overlying
exhalation port 170 and the greater opem'ngK force required to unseal the underlying
exhalation port 172 allows a user of the sporkel 200 to exhale normally through the
overlying exhalation port 170 without unsealing the underlymg exhalation port 1'72..
Since any water that enters the exhalation conduit 128 tends to collect m the
underlying conduit 176, this aspect of the exhalation valve of the snorkel 200 allows a
user to exhale with minimal Hquid in the path of the exhaled air leaving the snorkel.

This aspect of the exhalation valve also allows a user to periodically and intentionally




overlying exhal ation port 170 wi thout unsealing the

underlying exhal ation port 172. Since any water that

enters the exhalation conduit 128 tends to collect in

W&Qﬁﬁﬁ/l g.]erlyl ng conduit 176, this aspect of ptb8ca006/019659
exhalation val ve of the snorkel 200 allows a user to

exhale with mnimal liquid imlthe path of the exhal ed

air leaving the snorkel. This aspect of the

exhal ation valve also allows_ a user o periqdicall

and KiRe? SRy N POOU P89 e BB o RRg be s

31 exhal e nore forceful th normal ..i.n order to )
et A R R R
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agai.nst t | LiBsindAARENhO Gatve plate 160. Thi
funclﬂp%cﬁQPﬁg%%gﬁgé%@%é@ﬁx%guﬁ %]Ié%j can be | nvolved
wi th, the el 85 f X1 Bh € BOREANG wWiBlhe closing of th
agai%aglpe%ﬁe%ﬁ%e&&eg%ge&h%%%wmeaparti cul ar | y,e%?}séngo )
prot g usho |69 284iff thePRafle GRAM | BURRE $aPHdIRKS, the protrusi
cont%ec lmﬁ?lﬁgrtg%ei%él ituﬁgn%f% go that as t}%we flgxieb g .
menbrang é@m@@q S0 SoRAR AR ht REprAAes sy ithg as the
exha{ggp?os%)g%gﬁ 917_ , t%e_ pr o?r usi on 184 absor bg t he

i mpagt 498 kD66 OF Q6keathd Qs RYairke iR Hany Rl dxghthton. port 172,
Thi s I'npact absorption results in |less noise than

W t hﬂgg)rmmpﬁﬁﬁ%ﬁs Qfle fnfRct FIMRY ElUShORtibB 4y dbfoming slightly.
protrusion 186 serves a simlar function with respect

to tHhgsi; ic@%bsdfﬁtoln Riuishe RYLhbiyd Aenexifiduatiicofrepmed of the
170. [098] As di'sclosed in Figures 13C and 13D, the

over |, ¥iRgmehald thdfsiBR 186 skis a similar function with respect to the inside

wall of the overlying exhalation port 170.

[098] As disclosed in Figures 13C and 13D, the overlying exhalation port 170
and the underlying exhalation port 172 together form an oval shaped opening in the
valve plate 160, although other shapes are possible. Figure 11D discloses three
chamber ports 166 defined in the valve plate 160. The function of chamber ports 166
could be served by a single chamber port or by more than two chamber ports.

1099] As disclosed in Figures 14, a snorkel 200 having an exhalation valve with
an adjustable tension inciudes a knob 202 and a barrel 204 around which an elastic

string 206 can be wound. The elastic string 206 is attached to a flexible membrane



and the underlying exhal ation port 172 together form
an oval shaped opening in the valve plate 160,
al t hough ot her shapes are possible. Figure 11D
Lscl s three chanber ports 166 defined j
wgﬁaq%g%ﬁ% ate 160. The function of chanber po%?gﬁlg%gmwm
coul d be served by a single ¢hanber port or by nore
than two chanber ports. [099] As disclosed in Figures

14, a snorkel 200 having an, exhal ati val ve.. wi t an
2 2 Ton e mS eien GABEDE AEroa 02 kA P piere

204 around which an elastic trj 6 ca e und. .
Theaw sitipe o5r Ango D 10 EHR 06 F B B b 458 mitar
nmenbrane WO 2006/ 127557, PCT/.US2Q06/ Q19659 32. 208.. .
TheﬁsPﬁ@%ﬁ@ﬁ@kaﬁﬁm@%ﬁ%@F@ﬂ“@%g%?%xi%&%eggﬁbfaﬁ%qg%Zm held
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er BN Thes die Sl igelo G FRREP G SRR AR 209 yinc
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205 THEEGbECRN Sty SRtk 200 bl Ry LERATAR DDA fore
conr Bt 5° Piie NekBlfle pBE 100030 Bl o Ao Lhe

fl e?pg Iinecrengeg:qlﬁea&galé&?r reEHHéthaﬂ&eﬁBf‘edtt@&%Eﬂ%ecﬁéxfblb&nembfans

el astrc string creases, the exhal ation

P €534 rdgcrgggsts d ﬁve&s%ﬂ*yhsr £ khéh 2SR ImeNR thé Gﬁﬁ:iobilteedirection, the

menbrane ecreases. Conversely, as the knob 202

s teﬁigsﬁg g%‘!:%zdshﬁm&i?@ @Sint Bordl HRCHaireIDo4 ] thes deClediy the tension of

stri nwi nds from around the barrel 204, thus

decrLasiig e 2dEng iRtefing e Plaskistntd iidxpici@emtand 208.
thelﬁggdﬁtﬁ%ggforce 148 ag?ing on the flexible

MeMbHAR 642 08rkel F08 rciuliBEBB OV ellat 2vsl dGdeti diemakmlip adjust the
200 that allows a user to manually adjust the

t eNSiRAQ teMRxiblea¥dnttkae ne3TDr ane 208.

[0101] Although this invention has been described in terms of certain preferred
embodiments, other embodiments apparent to those of ordinary skill in the art are also
within the scope of this invention. Accordingly, the scope of the invention is intended

to be defined only by the claims which follow.




[0101] Although this invention has been described in
terms of certain preferred enbodinents, other

_ eEPodlnents anaren; to those of ordinary skill in

wd N6eM-Lsare al so within the scope of this j | .
émcorglng!y, the scope of the invention is ?ﬁ?@n g%ﬁmbg
to be defined only by the ¢l &3nms which follow WO
2006/ 127557 PCT/ US2006/ 019659 33 CLAIMS Whiat is
claimed is: 1. An exhalatigp val ve for use in an
undﬁrmateg br eat hi ng devi ce; exhal ati on val ve
configured to produce positive end-expiratory
greSfﬁréWbﬁlﬁﬂ%mﬁﬂﬁmay of a user of the underwater
reat hin e [
D e ity B bRk ul Sy b B,
conprising: .a plate defining at. | east _one ch e :
por ﬁz@iﬁa%‘rﬁa’%&?&ﬁa{“‘f‘ﬂtﬂ PP e S8 op Ry PR e sivvay
chanber port bein osi tjoned .opposjt e i
porPf?ﬁﬁﬂﬁffFéW@ﬁ%@g Wﬂ@gﬁgﬂ?ﬁéﬁcwgﬂgég%gEﬁépggg%%ggk(f
a surface the plate and .is sized and positioned
ho W@iﬁf‘ﬁﬁ%‘ fﬁbﬂﬁg@‘éﬁi‘*fa[’f‘g‘m% ﬁaéveecfﬁgﬁgﬁ%on port, the
exible me n onmpri sl na: I 1] [

whi oh the 11 SHET RETR Enb OB R e R e, e at
port such that _ substant]. . [k E f /
the a Eeasag?e SRR s iR gbo e R B iR
port; and an uns POSI & ] | Pmiohi iRl :
menbr ane doeéiééﬁﬁ%§%%%%§'%hggﬁgﬁgtig%H%ngﬁ%tsﬁﬂ?ﬁ§?3Mﬂ

alr can Eslsoz\évﬁl Ql%ecltp\é@iﬁgneﬁl?c?beaéapib?@éftseéﬁﬂ the CRHRAGH pRL ktle fiexible

and the exhal ati‘on port. 2. The exhalation val ve as

recited in ' -wherein the plate is
efn%/aﬁé g@rtll%lsfgg

I .
substantia rig d substantially disk-shaped.
a sealed position in which the flexible membrane seals the

exhalation port such that substantially no air can flow between the at
least one chamber port and the exhalation port; and

an unsealed position in which the flexible membrane does not
seal the exhalation port such that air can flow between the at Ieast one

chamber port and the exhalation port.

2. The exhalation valve as recited in claim 1, wherein the plate is

substantially rigid and substantially disk-shaped.

3. The exhalation valve as recited in claim 1, wherein the exhalation port

is one of oval-shaped or teardrop-shaped.




3. The exhal ati on val ve as recitéd in claiml1,
wherein the exhal ation port 1is one of oval -shaped or
t ear dr op- shaped. WD 20061127557 PCT/ US2006/ 019659 34
4 h xhal ati on valve as recited in clai
W%Oé)-?r%zsﬁsgt he flexible menbrane further con’pnir,(l;“Lls‘fr([aI%20216m19659
hi nged regi on positioned so &4 to divide the
exhal ation port into tw sides such that, when the
fl exi bl e menbrane bends al ong the hinged. region, ope.
si de carf-becdhe "'ii]i*f’é"’é’ﬁpe‘@ﬂ’\ﬁmsl e Mo PHE Lo WETTL M ﬁ%’“ble
sealed. 5. The exhal ation valve as.recited i.n..cl.ai .
1, membreas fusthpRsPRTISey 2 Binediagipn PO 9% g"s‘?l&‘?" b2 oBatation
posi ti oned between the plate and.the flexjble .
e BPt TEC SRS el 8k ﬁéhepﬁ?eaqdbée TRAPBPS PiRd Floas s aneed

menbrane. WO 2006/ 127557 PCEéU?%O 610%?652ms§?h9' An
und&siei: @ Skl a2 hreors° TRSTACSV IS A BT B8 TR Satce

positive end- expiratory pressure in the airway of a
user of the underwater breathing device in order to
reduce the overall work of underwater br ' . least
under wat &r briea RN EITE ST Pl ng :f%?eghé\hg%ngirng%t cas
including first..and.secon ni . Bl 4 formed
b 175 PEOHIGU oG YRR o s P ant BF felife pERRElad formed on
through the fi.r openi into the chanber in a
mnﬁ@pq?tﬁgt%]qrgg’ﬁefﬂgg AT FTom si.nul t aneousl y

escaping through the first opening, there is no
unrestricted passageway out of the chanber through
which air can exit the underwater breathing device

and, as a result, the exhaled air creates an

exhal ati on pressure within the chanber; and a val ve

for restricting airfl ow between the chanber and the
second opening, the valve conpri sing:



a plate defining the at | east one chanber port and
the exhalation port, the at | east one chanber port
bei ng positioned opposite the exhalation port, the

- I one chanber port and the exhalatio

W@é‘%"f‘ﬁ?’% t he second opening; and a fl exi bl eﬁﬁg@%@gﬁg%w
that is seal abl e agai nst a swsface of the plate and
is sized and positioned to be capable of sealing the
exhal ati on port, the flexjble nmenbrane gein . d
configured sderudspyaier hrealmg;dgice poigwred %ﬁﬁ&%@ﬁﬁﬂmﬁeen'
any exhal ation pressure wthin_the cha r, .bi ases .
t he exratatpey pressere i e Ergy K ersE Rt By aﬂ%f%{{%i’ﬁ%&“r#‘é‘%e in order
bi ases the valve in a_, second._direct]on thq er L o device
di r écreruns thropvEllstsE PARRICHTHS VBBHGE: e irsvaigd S
direction, the flexible nmenbrane conprising: a closed
posiceHBEh whi ch the flexi ble nenbrane seals the

el cased VIO Z0USRES T BORI0 R0 SRR SRt cpier beine
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opening, the valve comprising:

a plate defining the at least one chamber port and the exhalation
port, the at least one chamber port being positioned opposite the
exhalation port, the at least onc chamber port and the exhalation port
defining the second opening; and

a flexible membrane that is sealable against a surface of the
plate and is sized and positioned to be capable of sealing the exhalation
port, the flexible membrane being configured such that an opening
force, comprising any exhalation pressure within the chamber, biases
the valve in a first direction and a closing force biases the valve in a
second direction, the first dizeciion being substantially opposiie the
second direction, the flexible membrane comprising:

a closed position in which the fiexible membrane seals

the exhalation port such that substantially no air is released



8. The underwater breathing device as recited in
claim6, further conprising an exhal-ati on conduit
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comprising an exhalation conduit connected to the exhalation port.

9. The underwater breathing device as recited in claim 8, wherein the
exhalation conduit is divided by a septum which creates a first conduit and 2 second
conduit, the second conduit being sized and positioned such that, when the underwater
breathing device is in use, any water that enters the exhalation conduit tends to collect

in the second conduit.

10.  The underwater breathing device as recited in claim 9, wherein the
flexible membrane further comprises a hinged region aligned with the septum such
that, when the flexible membrane bends along the hinged region, the first conduit can

become unsealed while the second conduit remains sealed.



14. The underwater breathing device as recited in
claim 13, wherein the tension of the elastic string,
and the resulting opening force, is manually
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11.  The underwater breathing device as recited in claim 10, wherein the
opening force required to bend the ﬂexibl.e membrane at the hinged region of the
flexible membrane and fhereby only unseal the first conduit is less that the opening
force required to bend the flexible membrane such that both the first and the second

conduits are unsealed.

12. The underwater breathing device as recited in claim 6, wherein the
closing force includes ambient water pressure when at least a portion of the

underwater breathing device is submerged in water.

13.  The underwater breathing device as recited in claim 6, wherein the
opening force further includes a force created by a tension of an elastic string attached
to the fiexible membrane which biases the flexible membrane in substantially the first

direction.

14.  The underwater breathing device as recited in claim 13, wherein the

tension of the elastic siting, and the resulting opening force, is manually adjustable.



