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BACKGROUND OF INVENTION

Field of Invention

[002] 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

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

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



subnerged user with air froma conpressed-air
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with air fromthe atnosphere. [004] A convention
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and the mouth piece. Generally, the air exhaled by a user exits the snorkel through

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

[005] 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 to
expend more effort than usual in order to inflate his lungs and tend to cause the user
to expend less effort than usual to deflate his lungs. This reduced-effort exhalation
tends to cause a user to exhale faster that normal such that there is less time between

cach increased effort-inhalation, resulting in more frequent inhalation. More frequent
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chanber port and an exhal ation port. The at | east one
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port. The exhal ati on



val ve may al so include a flexible menbrane that is

seal abl e against a surface of the plate and is sized
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port. The flexible nmenbrane may be configured to have

a sealed position in which the' flexible nmenbrane seal s

t he exhal ati on port such that substantially no air can
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also be configured to have an unsealed position in which the flexible membrane does

not seal the exhalation port such that air can flow between the at least one chamber
port and the exhalation port.

[009] Another aspect is 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



configured such that when air is being exhal ed through
the first opening into the chanber in a manner that
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port. The at least one chamber port may be positioned opposite the exhalation port.
The second opening may include the at least one chamber port and the exhalation
port. The flexible membrane may be sealable against a surface of the plate and may be
sized and positioned to be capable of sealing the exhalation port. The flexible
membrane may be 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 may have 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 may be



nmout hpi ece connected to the first opening. In
addi tion, an underwater breathing device may include
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port. Further, an underwater béeathi ng devi ce may
i nclude an exhal ation conduit divided by a septum
\_I/iﬂl ch cregt es a fi rst conduit and a second conduit.
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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.



openi ngs. The chamber is preferably configured such

that when air is being exhaled through the first
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air from simltaneously escapi?g through the first

opening, there is no unrestricted passageway out of

the chamber through which air can exit the underwater
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is released from the chamber thfough 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 air is released 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] Still another aspect is 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



airfl ow between the chanber and the third opening. The
val ve can further include a purge position in which at
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of tehdodinentsel of Figures I A and | B show ng the

i nhal ati on val ve in open position such as occurs

during inhal ation;



[020] Figure 2Cis a transverse sectional view of the
i nhal ation cap of the snorkel of Figures IA and IB
wa@ b@ilerst he i nhal ati on valve in the cl osed poBRCT/UBIV06/019659

such as occurs during breath hglding or exhal ation

[021] Figure 3Ais a transversg sectional view of the

mai n tube of the snorkel of Figures IA and IB and its
associ ated structures; [022] Figure 3B shows the
transverse sectional view of Figure 3A with the

exhal ation tube C%ﬁ%%&&%‘m@ HepRWnigge and

mounting to the marn exhal ation tube upper
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wi th the nout hpi ece, the expl oded exhal ati on val ve /
pur @é thearsemmasyagilayings HYWRIRE purge cap of the snorkel

of Figures IA and IB;, [028] Figure 5B is expl oded
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exhdDH8]i on Rigire 8A/is piapgerspeptiye view of the inhalation cap a&dhtihes inhalation
valve diaphragm member of the snorkel of Figures 1A and 1B, which together form
an inhalation valve;
[019] Figure 2B is a transverse section view of the inhalation cap of the snorkel
of Figures 1A and 1B showing the inhalation valve in open position such as occurs
during inhalation;
[020] Figure 2C is a transverse sectional view of the inhalation cap of the
snorkel of Figures 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 snorkel of
Figures 1A and 1B and its associated structures;
[022] Figure 3B shows the transverse sectional view of Figure 3A with the
exhalation tube coursing within the main tube and mounting to the main tube's

exhalation tube upper mount;



assenbly; [031] Figure 5E shows a col |l apsed transverse
sectional view of the exhal ation valve / purge val ve
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with.the . rapidp nt en as occurs during

pur &bﬁﬁ?r‘%\?g?rgelé’?%%)%ﬁegﬁéta?lgg;g[ 035] Figure 7Ais a
sectional view of .an alternative & i 1 of
va WGr odlih 88 EE s ELLRLNR VTR Bl tbeiof the okl o
accor di on-styl I.LI. This |l has slits in the

| owEEures (S‘e*ilééa@c%gdﬁ%f‘fo%ﬁe?\éﬁlcﬂg?s’ are closed, unless

the walls are fully distended.gs i urge oper.ati.on;

[ 036925 gurFégu?‘Blj‘i"”s%éaa side vicshaf i%%egif%ﬂbger CQBCEE ge of the
7A show n% the exhal ation valve in open position with

t he sprRikgOT Figuies 1ARIERE: ¢l osed position; [037] Figure

7Cis a sectional viewsimlar to Figure 7 howi. ng. )
ot i36he o FHBITRGR ot ATl YA of 16 CRRIEGRIE PR BOgpan igure 44
[038] Figure 8 is another cross-sectional viewof an .

al t é&?ﬂt i veFigwtealntsi arerplededside gyl heivpehogspih the prouthpiece,
showi ng a done that travels vertically and qqg

ext dbanaxnlgded gaxhalatore Halus h AVEge] WiV %@Fblp/o%ia the; ppige cgp of the
is a transverse sectional view of the junction which
houseekelvd Fegures| 1dtandriByal ve, as it is adapted to nount

to a connecting tube, which in turn nounts to_ the

exhd028]i on VigntesShis asqupledpdparsusttive wew o4 theeprplatiqy valve/purge

valve assembly;

[029] 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] Figure 5E 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;

[033] Figure 6B is a transverse sectional 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 rapid purge ports

open as occurs during purging levels of exhalation;



[040] Figure 10A is a sectional view of an alternative
exhal ati on val ve configuration in the closed position;

wQ Qeb&ji2Bsyure 10B is a sectional view of the eROEUS1006619659
val ve configuration of Figure 10A in the open
position; [042] Figure HA is!d side view of a
fl exi bl e menbrane that can be used in the exhal ation

;’2' Eﬁgﬁonf %%ld%ea%ol@ paoge‘cgé)rgy e gypg‘n aﬂt%%ve':é)@lufaﬁoﬁvﬁfve/purge

rspective top view of the flexible nenbrane o

Fi gy\;\;{lgef g@ia&kgsiﬁéwggg%goﬁ?ﬂg?s bilasac‘?:or%fo Style Qall PRa Iwadl }_gﬁ slits in

vi e pi ece that” can be used in

t he .exhal ation valve c@nfi ' ' o A

e 10l e SEIMANT oL Bl FLOMIE O et
rigid piece of, Figure 11C,[046] Figure 12Ais a

secty £¢ QRCERNOBY “anot her al ternative exhal ati on val ve

configuration with the. e in th | i.tion: .
O L Rl Vo PR B e
val ve configuration _of Fi 12 i.t h.the.val [

par VelEe inopsp estEsiEh e Plllf%giére Eﬁb%m‘?l%seiﬁ@%é‘?ave e

sectional view of the exhal ation,valve of Figure 12A
wi t 0Xhe valigpee iR & F SFFHPIPRFY SBRT (D rfgg‘[fa 478} S,E_qvgag both the
13A is a side view of a flexible nenbrane that can be
usedxhaptionealyg ped the PoAC ValYY@Bonf i guration of Figures
12A-12C; [050] Figure 13B is a perspective top view.of
t he [0388xi bFdeuefisramntionrossisgeiopaliagy of @?Xt]emﬁp algtion valve /
is a cross-sectional side view of a disk-shaped rigid
pi epergehealver appatpgusyshoring 2 t dnance {190 MaY§IH Yorpgpip and ail externally
configuration of Figures 12A-12C
positioned exhalation tube;
[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;
[040] Figure 10A is a sectional view of an alternative exhalation valve
configuration in the closed position;
[041] Figure 10B is a sectional view of the exhalation valve configuration of
Figure 10A in the open position;
[042] Figure 11A is a side view of a flexible membrane 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 Figure
11A;
[044] Figure 11C is a cross-sectional side view of a 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;



[052] Figure 13D is a bottomview of the di sk-shaped
rigid piece of Figure 13C, and [053] Figure 14 is a
w@ewsd2756Tt i onal view of an exenplary tensi on PCT/US2006/019659
knob. DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS
[054] This invention is generé@ly directed towards an
exhal ation valve for use in an underwater breathing
dev LO%?]E The. exhab atl an. val e vlhabs hiviee HikSbirdedifdlation valve
pr otiu posﬁ?lve end-expiratory pressure in the airway
of a er .of t under. .ng device. The
pr i R ﬁrxréagorb?mpﬁl‘xee VSFV% 1r\{\ﬁ{e %fos&f e}ﬁb@fti%h,

rese I nvent1 on, however, are not
oWl cod e TS g e s e Sty S cptfporadon of
LS GHETE CBnHER O G SOy D80T BTN 1 s | nt ended o
o W04iher - HiuST2Calich £ il g of Berautifon e b 2 v

description of the exhal ati on val ve, words such as
t op thepgtvednp Ty OREn POSEIN; i ght, |eft and side are
ggf?@gegggggqrg Sk s G R, Allalil B oe Hak Sl B Ssed in the
appreci ated, however, that the present invention can
be lewkedation velye aonfwwa@@w%?lg‘éré%lf%é%osi tions within an
underwat er breathing device or other devic,-inclgding :
var i[¢i% andligse 13B denayspestive operevyps hgdleytmepbrane of Figure
detail ed description of the exhal ation valve for use
i n ddAunderwat er breat hi ng device now fol |l ows. [056]
As di scussed bel ow and shown in the acco _an¥in% L
figuosg, t Hogwsh3aC atd onessyssbtianahgige pewpf égi?ﬁkrﬁ aped rigid piece that
connection with an underwater breathing device such as
a scubbe osed smthbaxlrabioh stlve configuatiemeliigires Pdy 1% 6anpl e,
the exhal ation valve may function in connection wth
an i[$pl at i Kigure aBDés obottons viewlodithe disk-shhpedaigidibiges ofrFigure 13C;
val ve

and

[053] Figure 14 is a cross sectional view of an exemplary tension knob.



may be conbined with the inhalation valve. The

exhal ati on val ve may be placed at the top or the
whoitbor1s6T t he breathing conduit of a snorkel , PeiTEs1966/019659

the snorkel includes only a silnsgl e breathing conduit,

or includes both an inhalation-conduit and an

exhal ati on conduit. The exhal ation valve is generally

configure g;%f%%%%ﬁé@ﬂﬁtr@ HESRIGTERRED EMBGGIMENTS

exhal es t e exhaled air to exit the snorkel.

The al atld on e i S i . use in
i
duri i,nhal at i . b ue
C norh SpoqtRef s s aeVEb "ARNAAERN Fatva Wi & dofiigured to produce
condui.t., the cl osed hal.at.i | cathin
exhQgéﬂvea?r{a'efxpg?ﬁg{%h%g%%%alﬁéleoaqr%?oon ulirlgtgyf”f)ﬁlg\{lﬁ@érwmmr breathing

i ‘'on Fom passi ng
back i.nto the i.nhal ati.on tube, thereby.channeli :
exh&FYEE-aj 'i"het RPBUBSS t%etﬁﬁr Bt AinioR: Igw e?%bé‘.w %8{5@]?““6‘1 to

Turning now to Figuyres IA ang.IB, an e lary .sn I
1 éln%‘?rgfaﬁebéée&?hl%g'gé%é-r QF |“9ﬂ ‘%%‘8’@%’?? S[F;R’l B %l{%li‘ | ‘%%‘? resent
i nhal ati on through an inha) at.ion conduit. to the . .
moutdisglosee, the sw%rﬁggw}osaﬁ%ﬂ@a it B %uswsga@éuﬁe?&ﬁwgcmn with
nout hpi ece to an exhal ati on conduit from which exhalltled .
ai r aexewce fat is igendse fo meducshopiias end-pXpEPQRERICS e 1n the airvay
i nhal ati on val ve and an exhal ati on val ve. The snor kel
1 alof@upgicl udes a purge val ve which shares part of its
structure with the exhal ation val ve. Wen the sng
1 i 4053 useAdditionsliyy it 1githe depgREomfdhsErhataten V4
i nhal ati on val ve and through the inhalation conduit to .
t he avder hpiten.ciratara, right lsftiand side arepysed f desedhe thypecompanying
air that is subsequently exhal ed by the user then
f | ovfigutel, whighatenet wocheshialy iderwntalsgae.ali avill he epviaigdehowever, that
exhal ati on conduit where the exhaled air exits the o
snortke lpresént hiavationican denloedteb irexi varietye of degigé | positions within an
through the purge valve. Additional details regarding
ex engkdamytes breathingr desick @r oftee devideadimtuding watipuseanglepesideways and
i nhal ation conduit, the nouthpiece, the exhal ation '
val Vien tubddexibah.at A aktafleh desctiptioanof thheexpalatym valvy domesgy m an
fol | ows.

underwater breathing device now follows.

]rz]eg %‘vlords such

[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 inhalation 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 breathing conduit of a snorkel, whether the snorkel
includes only a single breathing conduit, or includes 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



[058] The snorkel 1 includes several mgjor structura

el ements including an inhalation cap 7, a main tube

wa3oea2rsénnect i ng tube 19, a nout hpi ece 54, a PCMTB1006/019659

22 whi ch houses a chamber 23, an exhal ati on conduit

48, and a purge reservoir 27. 1% the | ower end of the

snorkel 1 is the purge cap 50. Near the upper end of

the main tube . hal BbiO Yn&P Hduider ©Fi the RAdkel is not

16 \Y\%qg? & £he %ﬁ%ﬁ?i&gﬁ%@ﬁor ngil %ey exits thé snor kel

1.[059]. In_qgreater .detal ' Btk Sk 956 8e1lift8udes both

i nhg’fﬁ}i‘llp%r?s g'érbngﬁlﬁaé%mﬁlﬁ%lgfg}t%rgﬁé%g%ve d‘?aphr ag?nlmsrr‘ggro o

10, .t he .mai t ub 3, the.c ' J , haled
8@?@3}:}012%% an ¢ gﬂ%’(} NS CARNESEL &%ﬁ]% Li'clélhevGa m g‘g’éﬁgex ale

jun ed seal'i'ng asse I nc

conbj ned seal i .nmenmber. 30, a r.igid,s rt. -di.si
and % % ‘?i‘:l’glgn%ﬁod‘nﬁ% Smﬂbl?as\si\ﬂg l(l:) ﬁCksliéjlgo\[/)glg 1{,1%'1%‘6% Xi b f/hereby
mount the active halq%ion val ve

onponents of the
whi Ehpnpgling thfa?fi%ﬁeg ﬁ’gl%‘re %@ﬁ?efgﬁhﬂ?%%’“é%nbi ned
sealing assenbhly 6 actjn ainst a seali.ng ri A7 of
an é@(ﬁqgl at iTé‘ﬁ“’P%B‘éW It‘bwl%ﬁgan‘ingﬂ e I%?&glnl 5 fpeglosed.
48 nounts to the upper aspect of this structure as .
e holn emrdlye i aN P b fidie ahofaien leopatu L fapaconduit to th

central chanbers of the snorkel 1 untjl it nmounts at .
i t s mayihwiccend tsyussh radicshalapnproesdem R doqngipiece (1§ an £halation
and a hol | ow exhal ati on tube nmounting pl 49. The . .
o xhabauitgirom wbishieshiad Ao the£nprkele SRfBCTEl | {15 ydFpen inhalation
junction 22 by a supporting structure 46 which qon a_ .
t op vdlyeand ireetheleeniriles Thpglosks! &risa ingiudgs Hpyree yalygwhich shares
outer rim Therefore, this supporting structure 46 _ .
doegariotf itspadeutel with the ihalpftppe Halvr: g‘é(b%éhe sporked } is in use,
fromtop to bottom The purge cap 50 screws onto the, .
j uncithesph@® @infothenebyy dwe Wheinhalhéoncilts snddthesgh jtheginhalation
assenbly 6 where its convol uted nenbrane 40 attaches
bet wesduit thélsembuthpisterwistrasit ésinhdlerblgyr the nsdryThetafrghat is subsequently
junction 22 houses the chanber 23 where exhal ati on
pr esshiled iby thai meaithed floys ttheuglorts ealialasionofaltenend through the
i nhal ati on val ve and the exhal ation

exhalation conduit where the exhaled air exits the snorkel. Exhaled air can also exit

the snorkel 1 through 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 including an
inhalation cap 7, a main tube 13, a connecting tube 19, a mouthpiece 54, a junction 22
which houses a chamber 23, an exhalation conduit 48, and a purge reservoir 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 | ower nost portion of the chanber 23 within
the junction 22 is referred to as the purge reservoir

WQ700842158Ts i s where splash / flood water woul BCT/USENG6/019659

accurmul ate. [060] Figure 2A shows the inhal ation cap

7, sone thru-passages 8, and the inhalation valve

di aphragm nenber 10, which taken together formthe

i nh onpy hahehat §i9tloa eeinfIARAr APM, an inhalation
me 5?110 ﬁ%gk%%rgﬁgﬁgﬁgpgparfia? thicﬁness grgove 12

acr oss gt s di and ¢ 8l 13y aanehRE&Ralbd 15, and th
cenY?gfdﬁ@@@gﬁgg%éﬁ?hgﬁfﬁigﬁg?P%n val ve ancho% 9 thatan °
is shown in , Figure 2B.and Fi - 6 lHYLBine Bhember 30
ShO’]/\lglCtéont #i;ﬁsvgx}%é%d seah?l qSS’éﬁ%&%bemglggés%héunbﬂqe :ﬁmgn ember 30,

sect fPona ew o e 1 nhal at
cap 7.and the forned shape, of, the. | ' .
G Dol i 36 R0 SBENEL, MORvRRL A AR sk fo flexivly

its open posjtion as occyrs ring Jnhal at.j

e RSl S S SRR B £l ponen
i nhal ation cap 7 to ent he. snor.kel 1.. Theretore th .

i nhaf feicsmbimnsg sealing B%selggqué 'i]lelng 42418 ast@glg 1hg eorf an fexl?ala’uon

the i nhal ation conduit. The inhal ation valve di aphragm, ...
menise lewer moygl 44 fIhéﬁXBfﬂéﬂ%Bg%é‘ il?ﬁ(}“"&se?"ofl‘ﬁsupé’spaspeg of this
m nimze any contribution to airway resistance in Hbeb ¢
i nhatreatyre s sbevaiThe exbalation thisaf thﬁ%ﬁ?‘i‘fa‘?s ypring Rl chambers o
groove 12 across its dianeter al|lows this. valve t .
f unchs sarksk 1 antilif mopnts abiterpep gt B %WW&?VB@’CWG 3?3 main tube
Additionally, the inhalation cap 7 is _sized such tpat
t he 18 hndua@aég\agélsalasw@ dhsipnting Blug 49t Thesxhplptign gbe lower mount
mnimze their contribution to airway resistance even
at raps dorinatted tot the junblien?Z bit & SUPPPHESSHEGHR A0 YiHFieaR top down
55 of the inhalation cap 7 are shown and mate wth )
cor vissp oesdinhlgs tshelea dsteoding [t tmian quigseim 3 Thagelgees dhip sapporting
in Figure 3A. [062] Figure 2Cis simlar to Figure 2B,
but sshaws 46hipes ndtdinpededivid dhiv erodempi pergs ifnsiebeFom tpp; tp bottom.
its flattened shape as occurs while not inhaling. The
i nhaltetpuege val 5@ sctewp bn@give fewtien 220mdgherelyl sepurep tie combined
gently, assunes this flat shape

sealing assembly 6 where its convoluted membrane 40 attaches between these two

structures. Importantly, 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 referred 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 8, and the
inhalation valve diaphragm member 10, which taken together form the inhalation
valve. The inhalation valve diaphragm member 10 has 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.



when no pressure gradient exists across the valve in

order to mnimze the closing sounds that would be
wexpenmated if the valve did not flatten untiPCT/US2006/019659

forcefully closed. Then, as e Balation occurs, the

val ve remains tightly cl osed g— the pressure acting on

t he exhal ati on val ve (described in Figures 6A, -6B, and

60) [0§%]Otr E :}ﬁbg%}et %nsﬁ)(fws.t ah ﬁa&(’&Eé‘ %Jcti&naﬁ) L RRAGEHS Snhdlatibh Qap 7 and

t he t'0 provide the closing pressure for this
i nhal at | | ve. J . . - .
oon B Gy P o B BEho o0 st o
;\g‘fvghﬁh %gé%ggc}s\{t?olg\/%o?é ggqur&?%ﬂhaﬁﬂgflez&hainﬂﬂ%(g Rir passes

val activePy 1 nhaling, t
pressure w |l be adequate 1 reven r

ent @\r‘?%g the, hrReREss gf?ﬁealngﬂ%'qnnﬁ%gﬁép%%% (t:l{ae psg[;}.kflol(i'éj]-herefore
Fi gure 3A shows a fransver sgctional view of e .
e e ot b PRI oL bRt g Bhaddionai o

i nhal ation cap 7 nmounts to the top end of the main
t ubinhalation tvglvg Whre}%n §’é€tmtl9f ]I%nfse Sﬁrgl H?Ji%talg - § %aéﬂ)éndgfonns to

external threads 56 on their respectiyv onent s, .
The mixiprizesay cerriBition e airgey 1§FsERE Wéﬁ?ﬁa}?‘gﬁ Ce‘ﬁuveﬂéer qptional
as descri bed above for Figure 2B apd Figure 2C. The
mai partiabihicknese gropus 1% #eaens atf dipmeter oy 1S vatg i fipetion as a more
inhaled air fromthe inhalation valve and therefore
bec effwsent hteseHla ivRohddiRmR A B RO 8 1 1 HarLgich fhat the
conduit, wherein the inhalation conduit is defined to .
be tive-passtgesrik cahbing rearea trisistilady nyBIigRAthelr QR to arway
t hrough which inhaled air sequentially passes. The . .
ex ha¢sistdnon etenherapispiohalativn flowigtes. sThe intergalthreads 37 qfijfee inhalation
mai n tube 13 and provides a circular outer wall
agaicast7 whei shownhaduppier with gonésppiding svedds t 9no thet mpig e 13 as
i s sandwi ched by the holl ow exhal ati on tube nounting
pl ugedPibedinBgude3Agn effectively elimnates a
potential air |eak between the exhal ation conduit 48
and [0423 i niRgaEt i 10 ic adilirt tooFigutee 28n duk ethows tthatinkedatiod valve
ot herwi se be problematic as the exhal ati on conduit 48
pas sephtdroughbthile ineis flafentdahipehad a¢duon wbden det tinhaling. The
The exhal ati on conduit exit port

inhalation valve diaphragm member 10 naturally, but gently, assumes this flat shape

when no pressure 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
snotkel 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 normal use
position (i.e., with the inhalation valve higher than the exhalation 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.



16 is an opening in the inhalation conduit through

whi ch the exhal ation conduit 48 exits the snorkel 1.
wab@ereisn7 t ube 13 has an el lipsoid cross-sectiPCI/U$2086/019659
its lower end to reduce hydrod¥ amic drag while

swming and it transitions to 2 circul ar crosssection

18 at its upper end to allow the inhalation cap 7 to

Scr f{ﬁbﬁo unt g ﬁIE%A OWRs £ishsArse f26tdMRI PietrWIEhelBaiiRbY B and its
to e flexible connecting tube 19 with the ribs on

M ol gi‘%ﬁ@?w Shntlolidh LB AGBAME el B CRIVTERS il tube 13 with

I gure 3B shows the circul ar

Cr 0553864 L9004 0t AfaliPRS T ANGk fal! BB it B Lspective

Igur I|p50| Cross-section

It g:n 'o%‘é‘,’gﬁﬁen? ﬁiﬁé)}ce %elge hjﬂcth ?%{ ﬁ?g ‘mlﬁagglF @alisepﬁrla 3s des<ﬁ‘r1bed above

excep SO S

L N
L L
exi bl e o bs
pr oéfﬂﬁ?é ed, %EI é‘ﬁdglﬂﬂ&#lof‘ovra?‘{ehaéﬂ %g%or?/\,}%r | ‘émss t%he jecond functional

| fl d. This b
Sr O%M r%r Oﬁ—ﬂﬁf’fj(}l@g‘m@g% ?rplgk%ﬁ nglhglﬁtbcpﬁcqnglfg d%gned to be the
Wor n t f d .
con d}?ﬁefg}rﬁ tO:f ;l:;ybﬁg ;ul]%o I o lfgﬁv&é@lj;t\éﬁg Swggg%ghﬁclg lrgxaf')ed air sequentially

transverse sectjgnal view of the r.i bbed fl
conri@eser nbhe abalaten s PPy mpwt 1948 SHPHRgYS i i gebe 13 and
4A. Now shown is the central channel hIS ube
whi aioYidestarfarcpiar pferkagamay hink s élPPedfeni? Athe Frgfation e 48 is
conduit. Further reveal ed herein are the u per roov??
58 oendwigheddnniae hpliy exhglation tybe groustipePiie ﬁﬁ This design effe
corresponding ribs 57 on the main tube 13 (shown in
Fi gualinisaigs anetentisd ajr doakr begresaibe exiplagipn corduit gi$rrwd;the, gihalation
tube 19 that mate with ribs 60 on the junction 22
( s howemditihofitheysroskeb AYhat 06#{ ofherytisechbemohlematic asiths @dalgtion conduit
side view of the unction 22 and its rel ated
st r 4R pasees thrbwghghis twadluf dlre, inhdlation condiit Thaedalafemendpit exit port
to the Junctlon 22 including the

16 is an opening in the inhalation conduit through which the exhalation conduit 48

ctively

exits the snorkel 1. The main tube 13 has an ellipsoid cross-section 17 at its lower end
to reduce 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 58.

[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 tube 48 as it courses through the main tube 13.



connecting tube nmount 24 with its attachnment ribs 60,

t he nout hpi ece nount 25 with its attachnent ribs 61,
w@r@etipsspur ge cap nmount 29 with its external POT/E8296/019659

64. [068] The junction 22 houses a snall vol une

chamber 23, which receives inh& ed air fromthe

central channel 20 of the connecting tube 19 (shown in

Fi gye, 4B) . they gh | iRl HeRipl nhé R ube 19. Th

e8P of Fis HRAY T D g R el Whlcig nbe 19. The

enbodi nents, the c er m - @k be flexibl

ronBEF B 1o TR Rt oo Ao R LA ADE be flexible

recei yes exhaled.air fromthe uthpi ec I 1S: e o

ChanbLFer e s St Al (5 ok s being wom,

functionally proyides the counter pressure.to the

usepﬂ@m&?ﬁhﬁy@@ KBS 26T 2P LYPEHS y? HEE 8iber 23 is

nore specifically . referred to.as.the e SErvoir .
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enbodi ment, these two val ves share three .structural .

o1 it ish 5 i AHoRBE B, A ersohrbE AR P B, Further
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t hi gevasled iblejn are dhejupricr grQvesotS phibe sprResiing fibe 19 that mate with
enbodi ment in Figures 6A through 6C, while exangles gf

al t epmesppnding ribo &7 rsnthe 1ofin ttiee X KRR 1BrEIgUE eV g the lower
t he purge val ve are shown separately in Figures 7, and

8. [gBRBPs Thef thetrmnedting tnbe B éhat syaker Wit 6008 thegjunction 22 (shown
statically attached, via its spoke and rimlike
suppoFiguregpt ructure 46, to the junction 22 at the
junction's snap nount for exhal ati on tube | ower nount

44 (joéWlch iRgwebhdanis m BkplodedssiGAyiedByf thedustiyn 23 tpad its related
exhal ati on tube | ower nmount 44 additionally provides

t he saealuengnrpanirult?, thee hbintexhahtegiabte thaljvection 23sineleding the
as this exhal ation tube | ower nount 44 directs exhal ed

ai r onibhabe hnrhierd with itoattdement hidk 40, thomouthpiedgmount 25 with
(also referred to as exhal ati on conduit 48). The

ex halsakthewedidees 1, SndBapirks &6 méune Ewithits exzérnglihreads 64.

conbi ned seal i ng assenbly

[068] The junction 22 houses a small volume chamber 23, which receives
inhaled air from the central channel 20 of the connecting tube 19 (shown in Figure
4B), thereby becoming the fourth functional member of the inhalation 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 to
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 first.

[069] The unction 22 also houses the functional exhalation valve and purge

valve. In the preferred embodiment, these two valves share three structural elements



6 and the sealing ring 47, which items are described
in nore detail in Figures 6A, 6B, and 6C. [071] Figure

WG 200al1s1555hows t he purge cap 50 which screws oPCDUS1066/019659
unction 22 at the correspondi g nmount. The purge cap
50 al'so is shown with the purg cap perforations 52
whi ch allow water pressure to act on the exhalation
val ye an e%rtgé/elt}g‘ﬁsar bl 1bfef0d toMRURS contbtedistalBP hE8RALLy 6. The
across the purge valve. "Figure 5B i's an expl oded
perspective. vi i j i
i i s bl 8 aFARA RF S RRlDE cAeaRIRhn Figures oA
seal,in £, 30, the riaid.. L , :
71 orpite Topur st nenh il FO ARt B8 xBifich Ve and
seal.i ng nenper 3 whi ch, i S. a.one-part, structure,
pL omed’gggewﬁ&e éTﬁg?‘g? Fegﬁm{f}%\[ 1\1/1231%“ o4 7?%8 Srenber 3 1 and
the purge valv eal i nmenber 32.. In.the
e BShen: (P FoBERa PRI Do e ioRlS aBlsBet Vi sgoke and
donme- shaped in order tq _ver radu en exi,t flow
and TPeliFcRPDITHRG FEIAPTE 4010 ﬁg‘]’ gﬁ‘c anaﬂe gtctgg é"gwg%nr P frount for
exhal ati on val ve when just mningplly.open. h
shagewlating tutedaWers A A4 éwhffélsla isPows)irg e igég OB, 29, Q)- The
teardrop or cone. The conti guou ur val ve seal.in
rronEhaldtion AT R AR ARy IBEVIe TR SEAFEGR g F for the
out radially in various |engths fromthe underside of .
t he ephlagion valve-dnasapich ayth ptiopAubgqWeEmQEE 48 (S‘“F“Sﬂﬁﬂ‘éled Al
or elimnate the buzz that would otherw se occur ile :
pur diongthe Thamhen &b tthg exleadgtion gubeetfalso sieids's ap ﬁ’éhagﬁlon conduit
attachment groove 34 around its mdsection that
pr oviB)Y d%e sdwintion aelvaisroepmtisedeielsaenis gf thesopbaiet sefligg assembly
36. The hollow region 35 allows the conbined sealing
mentsend 8¢ sedingaingoiTpwhish édms ave dgsrsibadinymere dplel Esigug 64, 6B,
provides a recess nount for an optional spring 68
(Fi gud 6C6A) that could further refine the exhal ation

airway pressure 65 if nodification is desired in the
fut yomn) Figure 5A also shows the purge cap 50 which screws onto the unction 22

at the corresponding mount. The purge cap 50 also is shown with the purge cap
perforations 52 which allow water pressure to 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 combined sealing assembly 6. This assembly
comprises the silicon rubber combined sealing member 30, the rigid support disk 36,
and the flexible convoluted membrane 40.

[072] 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 sealing 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



[073] The rigid support disk 36 provides several
functions: It supports the conbi ned sealing nenber 30
wo b@b/12055Dws t he exhal ati on val ve seal i ng nenbeeT/BS200€019659
forma stable seal with the sealing ring 47 (shown in
Figure 6A, Figure 6B, and Figut’e 6C); it provides a
ggoag surface agai nst which the anbi ent water pressure
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icted ip Figure 6A _FEi.gur =
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39 in_the rigid sypport disk. 36 are clgsed by .the. .

ur S8 B ;T RemberiasomeniEiRte ah g dly Hyigection that
pur gi ng, operations when_air\ r es.su 5.reaches
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purge, taking full advantage of the higher exhal ation

air %@ycm@%iu pealing snsprheE ﬁoa‘ioeberrﬁ?rﬂ?rﬁ?sﬁ% °W§Sﬁ1i“ﬁlyt pygposes, and
snorkel 1. The central hole 37 in the rigid su r

di sleraydles apysessusowhior ap ApiaLPEBa ST (dasure ﬁﬁéﬂla%*%eg‘téﬂh“ refine
said nenber's attachnent gfr oove 34. The aquter _groove

38 dife exhalationgiinyay prsere 6 il sreseicatien s dedred e ﬁﬁb‘e-
attachment to the central anchor 4 1 of the flexible
con@3lit ed Themigidrreppat disb73 provedeg FavestlutuBetiops iy sRorts the
40 is a flexible, annular structure that has

t r anombinsé sediog imvmiskr 3®thabillemische exhelatip salvesgaling member 31 to
travel of the rigid support disk 36 and the conbi ned
sealfomga stebtb esal F0h tiEsealinguing 47 ¢thawnyn Bighisid, Figare 6B, and Figure
exhal ati on val ve sealing nenber 31 to appropriately
opersGNndt pioviles iat brosd alirfaganguitst twhichs gl ambjienti water pressure 66
(shown in Figure 6A, Figure 6B, and Figure 6C),

t her(@dpictett iirl iFzduig 6D FigmbieBy tandeligure I@Dszty ¢ Gslaneg the desired
nodul ate the user's i mersed and subnersed exhal ati on

r at @xhaldt® airway pressure 65 (depicted in Figure 6A, Figure 6B, and Figure 6C)

within the snorkel 1; it supports the purge valve sealing member 32 to maintain
proximity with the sealing surface of same disk; and it provides a smooth, rigid
surface against which the purge valve sealing member 32 can seal. The rapid purge
channels 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 maintained within the snorkel 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



convol uted nenbrane 40 has a central anchor 4 1 for
secure attachnment to the rigid support disk 36 and a
w@esoopkmssal anchor 42 for secure nounting in tPET/ERAOE019659
defined by the convol uted nmenbrane junction groove 28
(of the unction 22 descri bed é@parately in Figure 6A)
and the correspondi ng convol uted nmenbrane purge cap
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sectional view of the unction 22 with the exhal ati on

val (oW i Figatso A digr 8R. and igys 6D thesrly viligreiths wpPipy water
this figure are described in detail in_ Figure 5A and

Fi gurassBe.66tp mustuate fheeusgrsppommersgd, WéyS“BF‘S%E‘g eghaggion tates. The
whi ch acts on the conbi ned sealing assenbly 6 from ..
abowenvaliged mpbmoa e bapa soured anshof Ak for ke attachment to the rigid
conpressing force that the anbi ent water pressure 66

pr oduprest dighnd heldoaweritheiebinsher, 4% i sesurednenniipg 1, e geace defined
seal i ng nenber 31 assumes tight closure against the .
sealbiyntper ¢ongolaed amembiha enction 2oy 28 (pfr Egewictign 2P described
convol uted nenbrane 40 assunes a transverse sectiona
shapepardtely insFigorpey)i didethei cotresplonding gpevobuigsh Srembgng purge cap
36 being at its upper end of axial travel. Al so shown

i s godvee1dpf the padge waw hddéscabedsspparatgly 68 Fighiech e db¢ epreye mount
used to further refine the counter pressure upon

exhajfaiid pinge dapt50iontoathdringstien 22 slightly compresses this peripheral anchor 42,

which beneficially creates a seal to prevent water from entering the snorkel 1, and
helps to lock the threads of the purge cap mount 29.

[075] 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.

[076] Figure 6A is a transverse 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 5A and Figure 5B. Of note, the user's airway pressure 65,
which acts on the combined sealing assembly 6 from above, is imadequate to

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



[077] Figure 6B is a transverse sectional view of the

unction 22 with the exhal ation valve in open position.
wahbios/12is§gure is very simlar to that of Fi gur ePGIZUS2006/019659

except that Figure 5D depicts the condition of nornmal

exhal ation in which the user' £Zaj rway pressure 65

exceeds anbi ent water pressure 66, thereby exerting a
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deferred to their descriptions in Figure 5A and Fi.gﬁjre ,
5B. exisptthehBiguehd® perigethpsoypdtioraf rgahahplationsy which the user's
separated fromthe rigid support disk 36, thereby .
al | eivivag Hréssute offt eneesdsombieat SvisT IGEEssUret 66, Hibereky, ererEge @ vet
t hrough the rapid purge channels 39. The purge val ve.
sealdowgwamrfore o8 ZhenGembings) sealiferssentdy O, 16maBing dhe gxfplation valve
its shape such that the airway pressure 65 nust be
di stsbaimizinyengree At dont itresealingepaatiion egainsfishecsealpigaing e Flow arrows
66in order for the purge valve sealing nenber 32 to
bec @Telepicstht dizatiof of airfidwethrdugh theshppbar23 dicsdss 86 extidation valve,
convol uted nenbrane 40 assunes a transverse secti onal
shap@d e theieshalaivpatbet8e fraintwhentreit isichamheled pporit thelseogkel 1. The
36 being at its |owest end of travel. [079] Figure 7A
i S @osRtitt@mMbineWo adsumts atrirsyerst devitonehdhopk thretnis carfipatible with
t he snor kel

the rigid support disk 36 being near its lower end of axial travel.

[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 airway pressure 65 required for purging is excessive for normal exhalation. As per
Figure 6A and Figure 6B, the description of many items shown in this figure is
deferred to their descriptions in Figure 5A and Figure 5B. Note that the purge val\)ze
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 valve 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



1 that replaces the three parts of the conbi ned
sealing assenbly 6 with one single nolded flexible
wo advoae7spart, the flexible sealing nenber 69. PET/USL00¢019659
so, the junction 75, the purge,cap 76, and the
exhal ation tube | ower mount 77%re all nodified for
this alternative enbodinent. This flexible sealing
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wal |anghor 79@%9*]55&@{95@@%&6@% §%Uf?a F@%n@m%%mﬁ? Ji“Hctr n'73 and the
fashion simlar to duck bill valves. [08 ? 3

i s tivegeatap dorinsinyiler Exvbioai terdhe P%Phqf?lg"@%"rf]z@r?‘ﬂo‘%i y described for
condition of normal exhalation as is the condition

t he the pefried ambedimentnEha flexibleseglingsmempber;o] a%ﬁuhéha feﬁléng dome 73
airway pressure 65 is adequate for exhal ation,

i nadwguenat flat prosidesithe fimssorslier of the pxhakiien yalxe ngngj Bg@ber 31
73 has separated fromthe exhal ation tube sealing rin

A7 airbowishydessitet dor ti prefaredxdmbottineens e kigid qupgert éﬁb\&% of the
by the flow arrows 75[081] Figure 7Cis the

al t eprefatred embatioetites beenfeliFiigatrde ABAptionad rigihring 7bmapbe placed
purge operation as is the condition of the preferred
enboditlie e daepdri fylds @f G, adcordion wall 71 for additional mechanical support.

Purge operations are facilitated by a series 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, thereby opening these purge slits 72 in a fashion
similar to duck bill valves.

[080] Figure 7B is the alternative efnbodiment of Figure 7 A in a condition of
normal exhalation as is the condition of the preferred embodiment in Figure 6B, in
which the airway pressure 65 is adequate for exhalation, but inadequate for rapid
purge operation. The sealing dome 73 has separated from the exhalation tube sealing

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



whi ch the airway pressure 65 is exceeds the threshold
pressure for purging. Purge slits 72 are now evi dent

WO poobhe7skower, outer silicon rubber (or other w&FUS2006/019659
flexible) accordion wall 71. These purge slits 72 open
with sufficient pressure to pr26vi de excell ent purge
capability, but otherw se generally remain closed for
nor exhal ation.agtiyitles Q‘f%%]’ 109 8B 7A G4 @8 chdition of
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per isigaifisantlyfmediBedsdagiania tauingipn Rhatisiplarly foRtaipg fchgrmber 80
to the external exhalation tube 86 via the exter naiw
exhdbrapihuar pratserenbiithes gsexhalation eitRprisEgpeanthe hajioye of the snorkel
mai ntai n dryness within the snorkel. [083]h Fi.gure thi s .
a t rlamsedesd eshalationriahe mpungSdfand g exigppbeibalgtion tube. The moving
structures of the exhalation valve as is nodified to
at t abiment ivdich provideslchunesi pressursi fortqupelesiresl pofiiive end-expiratory
exhal ati on vent on a typical scuba regulator. This
i nvendsiwe js the sefihectp 8bhebishemvels coaxsdly| aad insppported laterally by a
regul ator” for scuba diving purposes, as it functions
to rseginbatup tigié swbat.ahs e fave of airtiey peaghae didvier the chamber
The device may be worn at nouth or chest |evel,
dependicoge @it folves eDafilsient voftertphassure 66,. tha bealipgi puxt $losep@gtes from
has been shortened fromthe preferred enbodi nent
(desrs bhid sedl $ guvwiag 2 tb kescapsd Mrtatich dpacruatese 6% penimeter of the
6C) for

sealing cup 81, which is then vented to the external exhalation tube 86 via the external

exhalation tube mount 85. A sliding 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 10 regulate the
exhalation 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 5D and Figures 6A thru 6C) for

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



this alternative enbodinment as it may be adapted for

scuba or snuba purposes. Furthernore, the nouthpiece
worewat127357 of the preferred snorkel 1 enbodi menPCTras2006/019659

been elimnated as this is not_necessary for scuba.

The exhal ati on vent fromthe s%sparate scuba regul at or

attaches via a connecting tube 94 to the ribbed 90
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sidewal | in _the junction 22. [084] _A%,di scl.osed i.n

Fi gumgeovadyxhalaon pigssuses ap desgidbed figtsin. Kiguifidalsqpeludes a transverse
al ternati ve exhal ation valve configuration. The_ . _.
snorsraionalogew ef e prhaltiprdelypandelairdstracings oy desibed iniigure 6B
conponents as the snorkel 1 of Figures I A and |B,

i nclandiasgadaptedl ripaneunt g theeybalation gk op dgcubg regulator or snuba
connecting tube, and a nouthpi ece. Although these i
conpanipmest. Jhe exltlationdwke #% oF Figuree? is Bignifigantly shortsned jagd exits
under stood that snorkel 100 is configured to function

Wi t Hrdnn e gurctophnugh pgidewalt i thejvastem 2Bsed i n Fi gur es

I A and I B. The snorkel 100 includes an inhalation
cond084] 102 As Tdisclored sindBigofes t He ianfial O.i rsnekpld iPq ingdygdes an
i ncludes ribs 104 to which a connecting tube and a

mai ralietibvecathaktonvilee badiguasos Hhersnprirel] Quis eenfighrehtg include
IB. Air enters the inhalation tube through an

i nhahatyi @the ednvecdnibernits aathe veenkalyl vhFigeresiAcindalB, aveduding an
air to flowinto the inhalation conduit 102 but not

out jghalitld viahlead atairombe anubuhdctih Bibeamddi moltbgiect. Although these

components are not shown in Figures 10A and 10B, it is understood that snorkel 100
is configured to function with these components in place as disclosed in Figures 1A
and 1B. The snorkel 100 includes 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
through an inhalation valve that is a one-way valve which allows air to flow into the
inhalation conduit 102 but not out of the inhalation conduit 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 subsequently be inhaled by a

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



el sewhere herein. After air enters into the inhalation

conduit 102 through the one-way inhal ati on val ve, the
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exhal ati on val ve, The val v |ate 120 i ncl udes an
Ee chﬁﬁ@?%ﬁ%‘f

exh&FBRl3toR PRSP e plate 120 al so includes
two chanber ports 134, as ill str d i n_Fi
fledV8ile nerisexpmplanFnpkel}Goy e%@%@d@ %8€’ and a exible

val ve plate 120 and functions to seﬁ t he ex Iat
por tmepgpangn &0, t Waich |tegethsr dowr 8 grhaletian velve; H’é ve plate 120
cl osed position, as disclosed in Figure 10A 086L %
charitdirdep an gxhalatian geté 13% Jibevalye @l %&9541%(’6}“‘{1]‘1@5 two chamber ports
exhal ation port 132. In this context and in th
cl ailds, astifustrpled isBigueHdDap flexibde membraph hifde ﬁﬂaﬁb?C% to the edges of
bei ng positioned opposite the exhal ation port"
def ivabyd Eatet1R@ mdhgmenqna rio Felt thp esxhgjatings pert dﬁ%dﬂ@ﬁ the flexible
substantially one side of the valve plate 120, and the
at hma@nmuﬂéoahmﬁbeﬂmpépomb@ln@mpégﬁdﬂdﬁ@@BéHA
substantially the other side of the valve plate 120.
Cont[D8$6}i ng Thetdhambérpode il Bhareipositionsididppesifh thergxbalation port 132. In
definition includes a situation, such as shown in
Fi guhiescohtekx aimtl irl 03, claines; dhet hemge (e soresoves kchgmbst port being
t he chanber ports

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 120.
Continuing with this definition, although this definition includes a situation, such as
shown in Figures 11D and 13D, where there is some overlap of the chamber ports
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



with the exhal ation port, such that the chanber ports
partially surround the exhal ation port, this

waledoon2tsson does not include a situation wher eP€TES2006/019659
chanmber ports surround or subst antlally around the
exhal ation port, such as is s in rigid support
di sk 36 of Figures 5B and 5D. This definition allows
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pushes the flexible nenbrane 130 aln e yal ve
Dl atl838120, Whersthe samielg 0P o swRirsearh %tﬁ*? T%fnt Wignpressure
a user exhales into the chanmber 106, {hal i on
pr e (e wetERsuIYnipg thgpnpikel HIO pYs escth%\ ﬁef’b"én PRgat 39 against
an openi ng force 140 which acts on the flexible
nishavrdvergige A9, dhpgisealivg ﬂterfafhﬁ‘éfﬂo“pmﬂt $29 Whepyp “ff}’i gxhales into the

valve plate 120. This opening force 140 biases th
f | exchiiber8fithadalpton prgssyrorthptduilds yrogeife e Ch&m‘%eﬁ 306 creates an
same tinme, the anmbient water pressure of the wat
sur rapamidg rierce H40 sihinkeacifeen wihle prymbizoes! 38531%’“311 the chamber
closing force 150 which biases the flexi ble nmenbrane
130 pionts 434 ebbawaleé pletctl2@Thisteneningferce #1( eiases the flskiblejpembrane
opening force 140 is substantially opposite the second
di r espiion firt difvetiol. 0l fy shwe diencl 55, alG Y] wates ripsSer O dip Water
in Figure 10A, when the closing force 150 is greater
t harsuerburekipgaihe tsabndrgedogperkieh H0f otcas ad0sing fracef 1 Wxwigple biases the

menbrane 130 seal s the exhal ation port 132 such that
subsfiexitlé alehprane ail30iis arsetomd stectiono rTlehfErstcdisnatien oflhe opening
t hrough the exhal ation port 132. As disclosed in
Fi gufore1@Bis sibsaitially opiosire thé escopddiraetjorf off theclosing force 150.

[089] As disclosed in Figure 10A, when the closing force 150 is greater than or
equal to the opening force 140, the flexible membrane 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 into the
exhalation conduit 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 include protrusions 138 which are integrally formed in the flexible



140 exceeds the closing force 150, the flexible

menbrane 130 does not seal the exhal ation port 132 and
wewaligrdsair 142 is rel eased fromthe chanber ROBUB20©019659

the exhal ati on conduit 128. Cn % the exhaled air 142

reaches the exhal ati on conduit “128, the exhaled air

142 is rel eased fromthe snorkel 100 [090] As
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130 can optionally include protrusions 138 which are

i nt egh sl e VRYEBE el 184 1 8ectdaSeinb h6 7B Mt dSe k3R 1RAWith the closing
serve to danpen the inpact of the flexible nenbrane

130 ghps flgglhlé gﬂhﬂ?atne 5@ aééﬁlsy fﬁe %1@5 Elatje?’ﬁot&s &t?&&s@@ﬁﬁF Figures 11C

t he n0|se at can be 1nvol ved the cl osing of

i soP AP HP AN ﬁéqf?% a5 °B“&*a?49'1 Wy aRbisfaR 134 Sich are
can 1%r %?alllg% faa ltﬁ’e \L g@ 186 %L(F H?\}e osﬁ@%&tﬁﬁl y\’ﬁ{acsjam@rfﬁnctlon as

inte orne valve
b tiall h
LS 5, porgﬁa?%&%zﬁoﬁgﬁ 05, B8R0 cn o

S?Ee?moaal% SR ?eéfd%?lo”e‘jjg'e i Sxckt Edgéog‘? R RS cff ' nsealed
2 |
o nabiale o B el ar ok Ui ekl Be SSheiA g % &y grow

peal s away_ fromthe aIv ate 120, Fi

0 SclHEBE Pt s e rwrléﬁlpi%laaﬁ@f fropad ‘fewéaqeé%%glgure 11D

pl ate 120, onl ne cha ort IS SSIb e
or TR N @Pﬂspf? rfégafhe& Y R J28jonty, one chamber

Fi.gure 12A-12C, a snorKkel 200 incl udes anot her
al t ePHTEISPossibls, AR s 2qre hay Y ehamPRY P at i on. The

snorkel 200 is identical to the snorkel 100 of qu

10A W84 108, Asxdisgesed nimy Fiaye d&ﬁv@cplaatsgorﬁloZ%dnq F@S another
fl exi bl e menbrane 130 has been replaced with a

di f f elfeanptive sxhalation elwe a@digniation, TdefsperkelR001is identigakto the snorkel
menbrane 180. The air flows through the snorkel 200 in

a si MO af Figsdsi B and t10Bowgpers batkide vabe, plptaclZQdindgthe flexible

the fact that exhaled air becones trapped in chanber
membrane 130 has been replaced with a different valve plate 160 and a different

flexible membrane 180. The air flows through the snorkel 200 in a similar fashion as
through snorkel 100, including the fact that exhaled air becomes trapped in chamber
106, thereby creating an exhalation pressure within chamber 106.

[092] The exemplary snorkel 200 also includes a valve plate 160 and a flexible
membrane 180, which together form an exhalation valve. 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



106, thereby creating an exhal ation pressure within
chanber 106. [092] The exenplary snorkel 200 al so

WO p@baess7 a val ve plate 160 and a fl exi bl e menPCEHNS2006/019659
180, which together form an exhg}ation val ve. The
val ve plate 160 includes an exhdal ation port that is
divided into an overlying exhal ation port 170 and an

undedlsylofd BXNgkati2an A& bisdiddd ihhggwal A MdlEB & &P exhalation
i ncl udes three chanber ports 166, as illustrated in

Fi guesndhBDowhr floR¥i 62 WIBRIHDFARS P80 of Sn %xhasﬂi@]d csrfauit hes. The

edges of valve plate 160 and functions to seal the
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port 172 when the flexib nbr ane O IS
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condenses ong the |nside surface of the exhal ati
condﬁﬁetunﬂ%gﬂna Fong [178-ehhg wrgeThie et LR fypetherefore, 1 trap
surface and col |l ect_ in the underlying conduit 176. The

undeRiFF gt @mdthe exbelasion GordeitdAs, "t herefore, to trap

wat er that enters the exhal ation conduit '128. [ 093]

Whenl@8k sndfhea|thogorke 2¢Q isrsbgerged in Watew the arplent water pressure
anbi ent water pressure of the water surrounding the

snor Rithe Xger suspralingtibe spaskal Z0@ prehed ihenlexitdo meghirang t180 against

the valve plate 120, thus sealing the overlying

exhathatvalya pér 12011?@s sqating the owerdidng grihatption port 170 and the underlying

exhalation port 172. When a user exhales into the chamber 106, the exhalation
pressure that builds up inside the chamber 106 creates an opening force 140 which
acts on the flexible membrane 180 through the chamber ports 166 of the valve plate
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



exhal ati on port 172. Wen a user exhales into the
chanber 106, the exhal ation pressure that builds up

w0 p@ede7sshe chanber 106 creates an openi ng f orR€I/LI8106/019659
whi ch acts on the flexible nme ane 180 through the
chanber ports 166 of the valve™plate 160. This opening
force 140 biases the flexible menbrane 180 in a first
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pressure of the water surroundi ng the submerged
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however %gen t he opening force 140 exceeds t he

cl osTRECE S ce 150, the flexible membrane 180 does not

seal e ov exhal at i t. 17 t he ed. .
orr 0931°; <" Fia Bl etanraon Pt Rbher & d688%0 dpion A TR hingsd
overlyin condU|t 174 of, the. a on cqndui

Onceeking 18231 28 I%tﬁgfalisaéowgelﬁ@ﬂ bﬁ% 18 RERbL e 1506 inaking the
conduit 128, the exhaled air 142 is released fromthe
snorlkegedzegion f{gbmnenibar the syrpuading mgos 8?%613?“??% ane 180,
a hinged region 182. The hi nged region 182 can

i nt e?{%am psperplpdringo prorlieh 204, thshipged rﬁeﬁ%rl%é‘l@s OVlWhe septum 163
maki ng t he hinged region 182 thinner than t

sur r o dhapgwheagthe dlsxigle lflﬁéblﬂl%k&bb@dﬁéiﬁ%ath% hlPS?)d rogjpEnl 82, as
assenbl ed i nto snorkel 200, the hinged region 182

al i gtisclesed in Flgures B4R, (ke Q‘@Blyimcqﬁmﬂlﬁhg 74 ggvebpcome unsealed while the
fl exi bl e menbrane 180 bends al ong t he hi nged regi on

182, urdsrlyihg comslsisd 7b merFiigusealed 2Bhe opeaing\ferck \ith gequispditsi bend the

174 can becone unseal ed while the
flexible membrane 180 at the hinged region 182 is less than the opening force 140

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

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

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



underlying conduit 176 remains seal ed. The opening

force 140 required to bend the flexible nmenbrane 180
w@roobhe7shi nged region 182 is | ess than the opePCTyS2006/019659

force 140 required to bend the flexible nmenbrane 180

such that both the overlying p%Ht 170 and the

under | ying ports 172 are unseal ed, as disclosed in
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enoughctt ge infezally frompd iibe dleabls magbuRs éﬁ%ﬁ‘il% f'Fron?’t dampen the
170 as well as the underlyi ng exhal ation paort
Wherimphit of gecllexible mayibrapgil 0 Whepplesing azaié thﬁnV&erem}é}tﬁa 460 This
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exhal ed air, thereby clearing the exhal ati on conduit
128 fokiblnmembede fi Qagdinsf (O W]alvmla(ﬂfr Q0. déasel pargetaniyy the protrusion
Figures 12A - 12C as well as in Figures 13A and 13B,
t he HRHeixisiied amwhniEgueed] BOmeke caadt ovith fhy seplmydEs so that as the
protrusions 184 and 186 which are integrally formed in
t he fldxébld hlembrmeh B nsckSMd anals sgainsg theourdiaripies exlindation port 172,
I mpact of the flexible nenbrane 180 when cl osi ng
agai ths prdtfasion a8 abgiiat the ifmPact Pithe clasipepctivg Hyudefoinong slightly.
to decrease the noise that can be involved with the
cl osTHig idbadt Nedsbrbori Béseltsramtiesngoidd thaagwithatt thbepresahaee of the
plate 160. Mre particularly, the protrusion

protrusion 184. The protrusion 186 serves 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.

[099] As disclosed in Figures 14, a snorkel 200 having an exhalation valve with
an adjustable tension includes a knob 2602 and a barrel 204 around which an elastic

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



184 is sized and configured to nake contact with the
septum 168 so that as the flexible nenbrane 180 cl oses
war@edg®wbs agai nst the underlyi ng exhal ati on pPCT/US2086/019659

the protrusion 184 absorbs the inpact of the closing
action by deformng slightly. his | npact absorption
results in Iess noi se than wthout the presence of the
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chanber port s. [099] As discl ose n_Fi.gu

snotaspd ghgdag Oﬁgthaﬁcré%’ﬁ‘&lt%ﬁsfoé‘r? \Fl%ﬂ ’?}%man %ngﬁé Sirice the elastic
adj ust abl e tension includes a 2.and a b )

204 SnERAE iiReheoHin oA Hevipls Ty 2§86th8 aepsia ﬁé’i‘.ﬁf‘dam string
The elastic string 206 is attached to.a flexib

menBParizes theThexitle mprmtuene %y sHbstepial! yo@efﬁa’élﬁlddﬁeéuon as the
menbrane 202 can simlar to the structure_and functio

of telkaldtiomypréssuse mathisy the srorked G0Qriad flgty contribpigs faige Spentng force
10A-13D5 or simlar to other flexible nenbrane

di sdudseithgher theflexibleemembrang éo%t'l’rhuﬁgasztb%tqn%wh &p dhe elastic string
substantial ly perpendicular to the flexible menbrane

208 20§ intchaasesi de sxtolatian hrshregthat is faguine] toagsaahthe pﬂﬁﬁblemnbmne
Is turned one direction, the elastic string 206 w nds

ar 0208 debreasbarGoalverady, asttheisnaly 20 1Srtgmﬁdaﬂsﬁ@rpp@9311€r®e°“°n the
el astic string 206. Since the elastic string 206 is

at t atdge stiiag ROGuiwieds fodre armend flerer20B4, thue deawensing thepiension of
the elastic string 206 bi ases the flexible nmenbrane

208 théeladtio stramg06bhd/tht keultiagnorel Mdcktingorathe flagble membrane 208.
exhal ati on pressure within the snorkel 200, and thus
CONtTHUBUHE SndrRelt 200 ifgiedes goth A0E ¢hat allows a user to manually adjust the

tension of the flexible membrane 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.



140 acting on the flexible nmenbrane 208. Thus, as the

tension on the elastic string 206 increases, the
wewal1atsson pressure that is required to unseaPCT/H82006/019659

fl exi bl e menbrane 208 decreases. Conversely, as the

knob 202 is turned in the oppoSite direction, the

el astic string 206 unw nds from around the barrel 204,

thus decreasing the tension gf,hhe elastic string 206

and the resulting force 140 ad?lng on the flexible

nenbranegagg. Thu&iilhe snor kel 200 includes knob 200

that all gcﬁggr 0 manual | y adj ust the tension of

the flexible nb e 208. [0101] Al | St .

i nvent i O:‘T has ’B@é{ﬁﬁ%}é’gc‘?g ed’ iR %me F %gg%g{:&tg% {B %"*?‘an device, the
preferred enpodi nents, other enbodi nents arent . .
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scope of this inyvention. Accordingly, the sco of the

i DR et s HRGE DS JeT O T5Ee Broa hgork of
which follow CLAIMS What .is ¢clained js: 1. An

ex hangeryvater brsatiiessths exhalation,valye SHMESRE er br eat hi ng

devi ce, the exhal ation valve configured tq produce

posi ti ve end- &Rigterdsfiping aplpast enf damber pozt ?’éﬁdr"géwag?tloﬁ port, the at
user of the underwater breathing device in qrder to

reduce t hestone chanberperkbeite pAsHIORGHERPOSIE tBatHriagon Pk and
exhal ati on val ve conprising: a plate defining_ at |eas

one chanber paflexiblsdnembranetfhatds peptpblforgainst ygirfee phihe plate and
one chanber port being positioned opposite the .
exhal at i dysizedrnd pesitipngd fo hexaprible efsatiingike exhalationsport, the flexible
seal abl e agai nst a surface of the plate and is sized

and posi membeshetcompasiegapabl e of seal ing the exhal ation
port, the flexible nmenbrane conprising: a seal ed

position in which 4 keldd positipneinnwhishathe flsaibles mefpbrane 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 least 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.



exhal ati on port such that substantially no air can

fl ow between the at | east one chanber port and the
wewaliatsson port; and an unseal ed position i n MI/TR2006@19659

fl exi bl e menbrane does not seal the exhal ation port

such that air can flow betweer® he at |east one

chanber port and the exhalation port. 2. The
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when the flexi ble nmenbrane bends al ong the hinged

regi on, one side can becone unseal ed while the other

side remains sealed. 5. The exhal ati pn val.ve as .
recited Pn cl Brebalation yahws asI5r5d 18 icﬁ‘ﬂj“ d fqr'i‘g%‘fonmlng at least
protrusion positioned between the plate_and t?e d

f | exonp ProthEmbpesfonghbetyernfReiPIals aph éheg‘ieéfbie WFGPIaRe formed on
fl exi bl e menbrane. 6. An underwat er breathi ng device
confthaplpte and/er the Berdlle MsBdrEve endexpiratory pressure

in the airway of a user of the underwater breathing

device in order to reduce the overall work of

underwat er breat hing, the underwater breathing device
conprising: a chanber including first and second

openi ngs, the chanber being configured such that when

air is being exhaled through the first opening into

the chanber in a manner that restricts air from

si mul taneousl y escapi ng through the first opening,

there is no unrestricted passageway out of the



chanber through which air can exit the underwater

breat hi ng device and, as a result, the exhaled air
wee@atigsssan exhal ati on pressure within the chaP@EUS20861019659

a valve for restricting airflow between the chanber

and the second opening, the valve conprising: a plate

deL| In| ng the at | east one chanber port and the

exhal ati on poyt F Q@ﬁ’%& [ i -

posit Loﬁ'd op%%’élfnieg‘g %t%ébljg%%g%a#io{g%%por ?Jdt h%ggrg%&lgggg?ve end

one chanber port. and.th X ' b4 he:

ecBHBBERIRGr B r SE R SRR ek Feb lkin order

seal abl e agai nst. a surface o0 he..pl a ' [ .

and pEdies Gnareiih o3k HpaEra i e Rtinly i hfihy covice

port, the flexible nmenbrane being configured such that

ant g@‘@ﬂ’i‘ﬁ;‘@g'fgr ;:rg, conprising any exhal ati on pressure

within the chanper, hiasgs the valve in a fir .

direction and® ﬁh%‘lﬂlﬁilf‘@udfe“?ﬁ %‘és" Wgssggonflh%’e{}lg%:&l? ghapber being

second directiaon, the first directi in .
subst ant Fefigyred spdsibeieVhaerisis 8’81%& e&fﬁ?ﬂ%‘gﬁ’lr%%h thefirst opening mto
flexi ble menbrane conprising: a closed _position in .
whi ch t héhef ¢hasibpy @ #en’f%B‘?I&h égaéefgftgctfwgf éfgﬁlaﬁla}“??ﬁf“ob%}‘ {Escaping
such that substantially no air is releasedfromthe

chamber teushgthe tfirel encaiizathesh i 8P tunresiisted| Ragsagpay out of the
menbr ane bei ng di sposed in the closed position when

t he openichantfen fhrenghevlidsair eanaaxitdhe wrlgaraier broafng feyigepgd as 2
force; and an open position in which the flexible

menbr ane refolbghaahaled air crehies axerdiplatiompressuverwithi the chagpber; and
air is released fromthe chanber through the

exhal ati on poetvalve Her fdswicting eirfleihetiyeen the chamber and the second

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 one 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 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



bei ng di sposed in the open position when the opening

force exceeds the closing force. 7. The underwater
whe@atiisey device as recited in claim6, furthRCT/US2006/019659

conpri sing a nout hpi ece connecggd to the first

openi ng. 8. The underwater breathing device as recited

in claim6, further conprising an exhal ation conduit

connected to the exfalglif &Qrthrough Hd xIMARH YR the flexible

breathing device as recited in clarm8, wherein t he

exhal ation condui t,Ls,dhy 'bgﬁg @éépo@misﬁpkﬁé”bl%@dcﬁ%smon when the

creates a first condulit and cond conduit

second conduit bei rb%gl%gg?rg 299 BRs L cﬁlgﬁg &%&lﬁg@{ce and

t
when the underwat ef i ng devi Ce n use

water that enters the exhal atio %fﬁ e d
collect in the second cn(ﬁmnP°$§ﬂl édﬂﬁ g%%g%égwnmmne 0e8

breat hi ng device as re er.ei

f1 exi bl e nmenbrane ‘?%rs?aﬁéf’ 8’8}‘?%?'0’%88@:?“% %teﬁr 1eGi eased from. the
aligned with the s uch_ t en the f

nmenbr ane bends al ﬁﬁmﬁﬁreaﬁ?%aetge Féléq\i\%lr?n R ﬂ?q ﬁ?ﬁl ¢ ‘embrane
conduit can becone unsgaled whil e the secon

remai ns seal ed. 11. P dispRied Wadhsr ol?fflé%?tg‘l’i‘f’ﬂd”qﬁ@vtp%‘gp%{’éng force
recited in claim 10, wherein the opening force

required to bend t $seqds dhei Qsing{8TtEr ane at t he hi nged
region of the flexible menbrane and thereby only

unseal the first conduit is |less that the opening

force required to bend the flexible nenbrane such that

bot h t he % i r sfTharnderyeates cbrs#ling ofyiet as dpatednBeglady, o, further
12. The underwat er breathing device as recited in

c| ai aenprising e menuthpidse cerinedbhiy thofiskonep@Eudes ambi ent

wat er pressure when at |east a portion of the

underwat er breathing device is subnerged in water.

8. The underwater breathing device as recited in claim 6, further

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 a 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.



13. The underwat er breathing device as recited in
claim6, wherein the opening force further includes a
wo oroea2756Eat ed by a tension of an el astic striPgI/UuS2006/019659
attached to the flexible nenbrane which biases the
flexi ble menbrane in substantié?ly the first
direction. 14. The underwater breathing device as
recited in claim 13, wherein the tension of the
elastic string, and the resulting opening force, is

manual I'y 1?dj U%Béﬂ%&'rwater breathing device as recited in claim 10, wherein the
opening force required to bend the ﬂexibie 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.

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 flexible 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 string, and the resulting opening force, is manually adjustable.



