VALVE ASSEMBLI ES CROSS- REFERENCE TO RELATED APPLI CATI ON [ 0001] This
application clains the benefit of U S. Provisional Application No.

61/ 089, 7390 2bidleaadsoon August 18, 2008, the discl osure of patmiushoto®s3s87

i ncorporated herein by reference inits entirety. FIELD [0002] The present

di scl osure generally rel ates val ve ies, and nore particularly to
val ve assenblies for use in fit\?lf"i-ﬁg %%gﬁlﬁéﬁ I1ing containers with

| i quids, and for use in wthdrawi ng vapor products fromthe liquids within
t he contai ners. BACKGROUND [ 0003] This section provides background

i nformati on rel at eCROSSHBEpPEEMEEIIG REAAITEDWRRhGATION necessarily
prior art. [0004] Valve assenblies are often used to transfer products

between | ocati |;0Im1]ForTrﬂs<a§Eb|ﬁ;atiml \chaimss end | besefitayf bl 8's eRrolBioMd hdr aw
|l iquids fromcontai ners such that be used at secondary | ocati ons.
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Al ter riat | BPCAtEA NE. BHOBREIA0dlaskgn bGUSh 481 3004 1 harish asFBroTpHHBaC <
i vy IaINY i h th h b d
2t Seconat §or Be e e B R R T e T the containers are.

depl eted, the containers and val ve assenblies are discarded or the valve
assenblies are renoved fromthe contl:ai'hng)rs so that liquid can be refilled
into the containers. SUWMARY [ 0005] 19 section provi des a general summary

of the di scl ospima|andiepRaknpagerRnRAhesR ey ARSI Obsidrnled | scope

or all of its Teatures. Vari ous aspect the present disclosure
generH) | yanel mbee tparicllanly 4 seahtd iassembiies dan use melfikiagadhg/ocaafillieg t o
containers. The valye .assemli are operable.to fill and/or refill the
cont ai ner SOMPHTETS fult® 4RSI 8N g JeB AR =hand i Apob pERLA 4980 1% om t he
cont ai ner fqAgs Waihat B¢ Mritinehe! i quids to relieve pressure in the containers
created by the liquids. The val ve assenblies are al so operable to introduce

carrier gases into the containers for use in retrieving vapor products from
the liquids within the contai NergAcKGROUND

15 [0003] This section provides background information related to the
present disclosure which is not necessarily prior art.

[0004] Valve assemblies are often used to transfer products
between locations. For example, valve assemblies may be used to withdraw
liquids from containers such that they may be used at secondary locations.

20 Alternatively, valve assemblies may be used to withdraw vapor products
associated with the liquids from the containers such that they may be used at
secondary locations. However, once the liquids in the containers are depleted,
the containers and valve assemblies are discarded or the valve assemblies
are removed from the containers so that liquid can be refilled into the

25 containers.

SUMMARY
[0005] This section provides a general summary of the disclosure,
and is not a comprehensive disclosure of its full scope or all of its features.

30 [0006] Various aspects of the present disclosure generally relate to
valve assemblies that can be releasably coupled to containers. The valve
assemblies are operable to fill and/or refill the containers with, for example,
liquids while venting excess vapors from the containers associated with the



[ 0007] In one exenplary enbodi nent, a val ve assenbly generally includes a
housing and two or nore val ve spools disposed at |east partly within the

housi ng. Wbeotow2ign nore val ve spool s are i ndependent |y Poonsaiomsiset ati ve
to the housing to control novenent through the housing of a liquid, excess

i.gted with the |iquid, ' : t
(o1 cved Bt e rElYh BrESaHie Y BisoRy ARk GraHisd BaneI Ut orsB Al | o

val ve assggddnibiicy afeCHBb iop@rdtle %o FRAIRICBRar SRR thesbrimmeremy of
fluids into and/or out of the container generally includes a housing and

means f or us@irbreitieying vapoi prpduiats fhomdhadquigisaviduntle nentainanst hi s

mbodi ment, fi d d_l ongi t udi nal. b defined by the housing,
cach having a IR udRiare Sxp @M%y ShARrRL " Bl 2o QB deneauia por -

are deg i npifuest Bendig Redatwb igh BRETWAIVGAHEBIS VlisHoddee af iless patip; fir st
and second excess vapor ports defined by the housing and in conmunication
with the withisythgdiqusing. ride eiorsmesnvalygrspoels ggsingepenrdentlyimewealilet he
housi ng a i Lcat ' t y irs N cond
vapor or oiat e, 67 FIB Hoilhi s, e g REAn e ind BOuRmbcd SMuRE R e

second boegcesd Vaport aysticisted (it thes liduigp@seatriat gasaahdpanvapyr wréduon t he
first bore for use in controlling novenent of fluids through the first
bore, andrreWRbRY tNAFYEICEFES! is di sposed at |east partly within the

secongh bore T ofoqeg | NnCERbHEE | batn BN BRHodtheht Uh dall&r ugingpercpecond

bore. A first actuator is couple rst vdl ve spool for sliding the
first val ceuplingoto aidomitaineéhend icostrobiogemovemedt oéfduidsnntpeapd/al lopt wédr al | el

R

second DOffe hBugingith&F EbRRIARNAT Hid LrRsddimest, first @ skeosd torli@inaxi s of

the second bore. T0009] Qther various aspects of the present disclosure
gener al | yboessagre definegthothe feusing,| éaahighawing arlongitudinalraxis.ilg@ddition, o a

t aj .and ti d ' d fromthe Liqui t of
Che. ol il AnkiReaRE gk Erd AP Rl BEARER 1 hRLENErt B Sl hicahb o ©
expos! ng witA théQi\déthdr_@; fiflae 2Rl FLBONE eRCEH i/éﬁbr%tﬁfsaélémd by tHENBO @ | ary
enbodi ment, a nethod includes renovably coupling a val ve assenbly to a

cont ai ner @ngiin|GayMaRgAEeR &Fith thedrsti ared firsitand peceshcarigsrgashpetigh t he
val ve assgublyy h3e HoBBMRCARA ¥ communication with the second bore; and first
and second vapor product ports defined by the housing and in communication
20 with the second bore. A first valve spool is disposed at least partly within the
first bore for use in controlling movement of fluids through the first bore, and a
second valve spool is disposed at least partly within the second bore for use
in controlling movement of fluids through the second bore. A first actuator is
coupled to the first valve spool for sliding the first valve spool within the first
25 bore in a direction generally parallel to the longitudinal axis of the fist bore,
and a second actuator is coupled to the second valve spool for sliding the
second valve spool within the second bore in a direction generally parallel to
the longitudinal axis of the second bore.
[0009] Other various aspects of the present disclosure generally
30 relate to methods for filling and/or refilling liquid into a container and
transporting vapor products retrieved from the liquid out of the container while
reducing risks of contaminating the liquid and/or exposing the liquid to the
atmosphere during operation. In one exemplary embodiment, a method
includes removably coupling a valve assembly to a container, filling and/or



vapor products retrieved fromthe liquid in the container through the valve
assenbly for discharge fromthe valve assenbly. In this exenplary

enbodi menwp 20tve2as9ti ons of filling and/or refilling |i qeCa/uSea09/0535687

contai ner and transporting vapor products retrieved fromthe liquid in the

contai ner _can be s entially .don i t hout uncoupling the val ve assenbl
from the ESiing Fruid ddpaaerrortahfrseats 1g vole aRemtnerang kaasrrng -
appl i cabi Lhbyr wdducbﬁ&i*@]yé@ﬁﬁfrﬁ%efwﬂa tiQngesttaiRbr MroBGAVihdedaber ei n.

The description and specific exanples in this summary are”intended for
pur poses @s$sémblystfoat disahangey feord e velvei @sseadty.t dn | this t exermpksype of

the present  disclosure. W 001.,1] The draw ngs .described herein are
for 111 ustmepefBematis actbonp) Thno it wi et e XEIBERARE poss  bi e
| pl eng@nt ghhomsHing VApaF Prod@icts nerrded ffom|thalliquidth &roBentaindrh@anppgsent

di sclosure. [0012] FIG 1 is a perspective view of a valve assenbly

accor di ngseeuesiially dones withoenwrenupting tbe wahee greerahty tipRcineseertaifier h t he

val ve ass I led to a container; [0013] FIG 2 is a perspective
Vi ew sim ﬁg&%’eﬁ%g&cﬁ%&&t h the val ve assenbly shown uncoupled fromthe

cont ai ner and [0010jontRurtresr area®\of ipplioddinty WwillBecdnes apparate fRire\thagi on vi ew
of the valve assenbly of FIG, 2. [0015] FIG 4 is a _top plan view of the

val ve ass@fBFrption prquides hFCﬁi_ﬂLG]ThPI desaintionandhisaseifis) axePes bf thise val ve

assemy y of | wgg | gfg%e I\ e

rerm\ryg%j; FBW??'S#%%téhggda elgP?%ené 9?@\%&?& engvlg%ﬁ?%ﬁ?ilﬁﬂgﬁggéﬁg l'ine
6- 6 i n FI Bnit4hé Istoge ohthengreaeni distlogsateve spool of the val ve assenbly in a
general ly open position; [0018] FIG 7 is a section view taken in a plane

including line 7-7 in FIG 4 illustrating a second val ve spool of the valve
assenbly in a generally open posi ipRAWINGE9] FIG 8 is a section view
simlar to FIG 6 illustrating the first

[0011] The drawings described herein are for illustrative purposes

15  only of selected embodiments and not all possible implementations, and are
not intended to limit the scope of the present disclosure.

[0012] FIG. 1 is a perspective view of a valve assembly according to
one exemplary embodiment of the present disclosure with the valve assembly
shown coupled to a container;

20 [0013] FIG. 2 is a perspective view similar to FIG. 1 with the valve
assembly shown uncoupled from the container and the container removed;

[0014] FIG. 3 is a side elevation view of the valve assembly of FIG.
2;

[0015] FIG. 4 is a top plan view of the valve assembly of FIG. 2;

25 [0016] FIG. 5is a bottom plan view of the valve assembly of FIG. 2
with a sparging tube removed and a receiving tube removed,

[0017] FIG. 6 is a section view taken in a plane including line 6-6 in
FIG. 4 illustrating a first valve spool of the valve assembly in a generally open
position;

30 [0018] FIG. 7 is a section view taken in a plane including line 7-7 in
FIG. 4 illustrating a second valve spool of the valve assembly in a generally
open position;

[0019] FIG. 8 is a section view similar to FIG. 6 illustrating the first
valve spool in a generally closed position; and



val ve spool in a generally closed position; and[0020] FIG 9 is a section
viewsimlar to FIG 7 illustrating the second valve spool in a generally
cl osed pospt22oom21§99021] Correspondi ng ref erence nuner al Cr$2@anE3ss7
correspondi ng parts throughout the several views of the draw ngs. DETAILED

DESCRI PTION [ O Ex | ary enmbodi.nents will now descri bed re fully
with ref erenceP@q]he%%ﬁﬁi%t'ﬁ? aYllFWg%'.m”[a@Ot%FFq:Ex2n@9§$9t”§3¢g|6%i ment s
are provi dgghriPvalpaispbdi if Fg&rdramyERselildosp@nt horough, and will fully
convey the scope to Phose o are skilled in the art. Nunmerous specific

details are sef0G24]t h Gorcespondingarpfesened ypeelials dndioateoserresponting ces, and

nmet hods, to.provid hor ou under st andi ng of enbodi nents of the present
di scl Osurggrtglthr\%ugﬁo@ethgps&g?gaﬁtwe%s ?ﬁ%géldrgwq]qsed in the art that specific
detai ls need not be enployed, that exanple enbodi nents may be enbodied in
many different fornms and that neither shoul d be construed to limt the

scope of the disclosure. |n BETAIRRIPFECEBOKPNent s, wel | - known processes,
wel | - known dev Lr l@é‘?ﬁnﬁﬁm A Wi hﬁnw ntoﬁf%f@oh %{ﬁ%da%rg%”?escrl bed
e Termn e

in detail. [00 ogy use reinits tor € purpose 0

descri bi ngithaetdrendeto xeaaquoengemyodj demisgfnly and is not intended to be
limting. As used herein, the singular forns "a", "an" and "the" may be

i ntended to i nt99ZH t HFexqMpirRY eMGPREMaRis\@e Provided $9 Rk thig fisclasue ear | y

I ndi cat es ' T, r p | e L SJ -~ okilRel HAhRg, " and
havi oy - Wik BETHRrEEgn. R Wif Ry cORURY IrteSuone BRBEC Witthre skilel Hihel

f eat ur es, artnthugeemuss spgaEfic adedaist nom set dbdhesudh, aaneXamplesnpospatiic but do

not preclude the presence or addjtion of one or nore other features,

't eger s, CeBREENEn GFYLPanaNT ANERBHEo (O PETHI antOrOUHE HBRCHHETIRS Bler cof
The met hodnHoRitfent’ FGPaSHese GisOBSHRL IIOWH HeSphhRaf tHahrEs sRlBdNPt to be
construed as necessarily requiring their performance in the particul ar

order di sthesaddhairspecifiesdetaisdeedinotbe espeloyéd.dhbt ¢xamplet émbedimantan or der
o o140 PR B, i 38, B FEPE G0t U3 EFLA4PRP! oy bl ve
bei ng "ongenstrued to limit the scope of the disclosure. In some example embodiments,
well-known processes, well-known device structures, and well-known
technologies are not described in detail.
[0024] The terminology used herein is for the purpose of describing
20 particular example embodiments only and is not intended to be limiting. As
used herein, the singular forms "a", "an" and "the" may be intended to include
the plural forms as well, unless the context clearly indicates otherwise. The

terms "comprises," "comprising," “including,” and “having,” are inclusive and

therefore specify the presence of stated features, integers, steps, operations,

25 elements, and/or components, but do not preclude the presence or addition of

one or more other features, integers, steps, operations, elements,

components, and/or groups thereof. The method steps, processes, and

operations described herein are not to be construed as necessarily requiring

their performance in the particular order discussed or illustrated, unless

30 specifically identified as an order of performance. It is also to be understood
that additional or alternative steps may be employed.

[0025] When an element or layer is referred to as being "on",

‘engaged to”, "connected to" or "coupled to" another element or layer, it may

be directly on, engaged, connected or coupled to the other element or layer,



"engaged to", "connected to" or "coupled to" another element or l|ayer, it
may be directly on, engaged, connected or coupled to the other elenent or
| ayer, or wotermemsomg el enents or | ayers may be present. PCm/useownsasss; when
an element is referred to as being "directly on,” "directly engaged to",

"directly caonnected t "direct I% coupled to" ,another e|enment or |ayer,

ther o mayCbdN G4 THGISBREAL & RIS Y (P8 BIeSafteLbiONEShaW GBI 88 used f o
desori be. bané 31/eRIR Ry B! HERD HHEERNoh, SRAULHY RAoRERT B eiibclp o 1T ke

fashion (e.g., "between" versus “directly between, acent" versus
"direct | ycanjestento™ ortdirectly aouptegdion @nether elementomayandhere maybedes any

PG L A A g v e N

descripe yvasiichshi bRiReds ol srRERGNENIHG B ttempetedanes ikendshRlons L, ons,
these el ements, conponents, regions, |ayers and/or sections should not be
limted byoatwese’ tversis “diFeally betyrenayadiacent yverses ‘dieellysadiafendh one

el enent e .on, | Fu Gt | m_ano k: ayer or
cection, HEhERltes hERIf g BHR ARRE R ks BT EombERkBHs of hen

used her ebne @@ nitre of nipe Bssoceigdants temer der unl ess clearly indicated by
the context. Thus, a first elenent, conponent, region, |ayer or section

di scussed bel olPA28) d "H@%Pr’rﬁ@ 8 dired esleéﬁ%%,t thigch npfEn &Y Deeypes, layer
or sefd! ORe\dif %“He?&ﬂ?é t\)a?iguéré’l@’gterﬁs,;g@ﬂb?ﬂgﬁtsﬁ)fr,egl%sfe@%%eaﬁ% di ments.

[0027] Spatially relative terns, er, eneat h",
"bel ow', Séchons, theésgbelerients, qoperdnemts] regonisi layersragd/oe sastmhshenailt f or

f d | pLi. d i b I t f eat ' | af.i hip t
anot her e GhBRI{L}Ech Y ABSHE I es]) e imeepa o o uABUNERA Fal 1y

relative bR @Bt Qérﬁp_%héﬁﬂ‘?@gibg, RYEPBPISS I R Mh &M e raldyeprof the

device in use or operation in addition to the orientation depicted in the
figures. Feetiaxdigpms,suich ashérsiéveeeoridy’ ame oftiegunugierical tarmseshevesedel enent s

descrjbed "bel ow: .or "heneat h” other elenents or_ featur ul.d then be
or 1 ent2a naga® A Bihe SEBfEReS B orBhiITets ek M Rrithe: orm
“bel ow' C@onteREOTMASS et Bleaierdl b@ﬁg@hbﬁn régioAbryer At abOWiscliSedeVvi ce
may be otherw se oriented (rotated 90 degrees or at other orientations) and

t he spati Beloyw eeuldietlermed & sqrandselarent anepenanis eoinTedayer£F &ectiehgl y.
without departing from the teachings of the example embodiments.
[0027] Spatially relative terms, such as “inner,” “outer,” "beneath",
20 "below", "lower", "above", "upper" and the like, may be used herein for ease of
description to describe one element or feature's relationship to another
element(s) or feature(s) as illustrated in the figures. Spatially relative terms
may be intended to encompass different orientations of the device in use or
operation in addition to the orientation depicted in the figures. For example, if
25 the device in the figures is turned over, elements described as "below" or
"beneath" other elements or features would then be oriented "above" the other
elements or features. Thus, the example term "below" can encompass both
an orientation of above and below. The device may be otherwise oriented
(rotated 90 degrees or at other orientations) and the spatially relative
30 descriptors used herein interpreted accordingly.
[0028] With reference now to the drawings, FIGS. 1-9 illustrate an
exemplary embodiment of a valve assembly 100 embodying one or more
aspects of the present disclosure. As shown in FIG. 1, the valve assembly

100 is configured (e.g., sized, shaped, constructed, etc.) to be coupled to a



[0028] Wth reference nowto the drawings, FIGS. 1-9 illustrate an

exenpl ary enbodi nent of a valve assenbly 100 enbodyi ng one or nore aspects
of the prweento/di®el osure. As shown in FIG 1, the val vecadamseomloy3ssD0 is
configured (e.g., sized, shaped, constructed, etc.) to be coupled to
acontai ner 102 forgggerati nto and/ refi ainer 102 wth a

li qui d, t oNtEier P2d0E opg 'P”ftPJ%aﬂ%orcr@ﬂﬁ g‘%@?”tﬁwrh@@o‘%' 2d9UE 1R ¢ he
liquid (eygnt e%dés‘se\}d&\‘efrdfﬁﬁﬁé Bhesitel €02 %s&@&afé@“\%/ﬁh Qﬁé 1i40# fe’ §aft8d when
f||||ng and/or refilling the container 102 with t ui d, ,

i nt r oducerelieyanaiper pgeasuréirotheheordainenil 42 rcremedtvmerrefllhm@eedmﬂefefﬂhngmr e

vapor pro ctsfrom cont.ai n. OCIat dwth the |iquid,

{r anspor t T 0Bl 100 0 6 aichens 1 db Fodipetar ot e TR by « ne
carri e gasntiferofo f@rét@é\ﬁ@bﬁébrlﬁ@re 4sor Produttistrdrdl tABYconfsihedep2 f or
exanpl e, phosphorus tetrachloride (POCL), and the carrier gas may incl ude,
for exanpBesoGiatedowith ther lieids i teviragseeid e ADBE Ok aReE yaBduEredu@soci at ed
wi th POCL ture

oper at i ontoneyed TRREHRL iR fiearmbD o B G LBhi IG5 e The oy i

t he scopeligiidtiaypnelses; feH szémsler epho[s@laaﬂjs f@n@chldrmt (Femed) camd ah@er 102
Is formed froma glass material (e an inert glass material, etc.) and

| ncl udes. SATIEREASITORY MCLISIEs [ REIMRIE, THOBER T TEIURAIG PYE AFSRRIFINARCE
SO e BB BosOiARA b MR PR efdraéwzasepn@ﬁt L3810 G 2PSséRidnduslop! Nl ess

st eel rt mater I ncl'ude ot t’han open- nout
construct rrtanmfac{tol@?,opeﬁél’mns] letis). r@ltrmi Mmldse amhé@rmamelcmassesl onadgsba
general |y square-shaped h£§%?§r104 val ve bl ock, body, etc.). A

connect or Y% W' in T&?axstcé’t@e §SPLRISE Sb'\/\%r surface 104B of the housing
104 for rel easpiyag) rem@’m%ﬁfate@té‘ont&ﬁéphbﬁgs kS endtPHENS afetiaral ve

assenbly 100) to the container 102. The connector 106 i ncCludes a union nut
108 fixed(@xgc@ﬂpl@d glesgmatprlehgtq‘Dandon@udess @adopen-mouth @onht@uclatmnm ng 104
at a gyli ing 110 of he sing 104 (e.q. F .6-.tc)
The " ufd onThal e setarhipliettoatars; BRRIGS 1Y delidimedirl migalf, o

confi gur edtr(ef? tﬂan gsagﬁeb gs *’@@lﬂ(bsscﬂééff lingit edlatefble,; ktd.p aha rﬁéyeﬁ\@dd@nt 0 a
correspondi ngly threaded collar (not VISIb|e) formed on the open nout h of

t he cont aPH@r tR@PoPamENeUth &ONBYUETANSads 112 of the union nut 108 may
include, for eyaghe: FAPNGNAREEN DS CALRARY 100 includes a generally

square-shaped housing 104 (also, valve block, body, etc.). A connector 106 is
20 located generally on a lower surface 104B of the housing 104 for releasably,
removably, etc. coupling the housing 104 (and valve assembly 100) to the
container 102. The connector 106 includes a union nut 108 fixedly coupled
(e.g., press fit, overmolded, etc.) to the housing 104 at a cylindrical fitting 110
of the housing 104 (e.g., FIGS. 6-9, etc.). The union nut 108 includes interior
25 threads 112 (e.g., FIGS. 6-9, etc.) configured (e.g., sized, shaped,
constructed, etc.) to be screwed onto a correspondingly threaded collar (not
visible) formed on the open mouth of the container 102. The interior threads
112 of the union nut 108 may include, for example, right-handed threads for
screwing the connector 106 onto corresponding external right-handed threads
30 on the open mouth of the container 102. Once coupled to the container 102,
the valve assembly 100 may be uncoupled from the container 102 by, for
example, unscrewing the connector 106 from the container 102. An O-ring
(not shown) may be provided within the connector 106 to help seal the
connection of the valve assembly 100 to the container 102. In other



screwi ng the connector 106 onto correspondi ng external right-handed threads
on the open nouth of the container 102. Once coupled to the container 102,
t he val vewaaseni2iigp1100 nay be uncoupl ed fromthe cont ai rer/uBd@9Iy358T or
exanpl e, unscrew ng the connector 106 fromthe container 102. An Oring

not shown) nmay be provided within the connector 106 to hel eal , t he
Comnect opkemlang  oRIcpaaSaentiqhalods 1195y oL baearady: T6BI0RRY: - etc.

ot her exenphas|¥d S0 eGH RS , by Ofdp | IGPnpIBY qRK" RYIERSA DN EBRDVaRkY.fitet C.
coupl ed to containers by, for exanple, quick release connectors, press-fit

connect or spniedteots, ictiontfit connectots, efc.etc. [0031] As shown in FIGS. 2-5,

Itipl | t it 116, ,118, 120 d 122 |
structure. 122 IDHE A<RapEnin PE B AHbng Ve turdRE BTN 104 1 or
hel p i fihb] nagt heocemdal per(vaRe wirtidtufd Uiddsis hef vidibladint PRs contapg ner 102

with fluids, introducing fluids into the container 102, renoving fluids
fromthe eoweladrertheohousing 1040 foreheinpnefilling éhe pontainer 102 e fluids, 118,

120, and - facili £LO i . ' - hown)
and/ or fl ﬁ%@,% raﬁlbgﬁﬁﬁgﬁﬁ?{r}ﬁﬁbéh@\m U{Clhatfﬁlﬁ#(@ﬁéﬁ%b@g%lﬁr tOuzze in
such oper pdrhoviag fluids fiemi theusintaihed1@2rbstdi Fenéxarhpler, thval slee Stiugtires es 116,

118, 120, and 122 are shown coupled to the housing 104, including a first
val ve strtéPurd81180c8081 B2 o facikipte: copneciion ebAuidopupply IReSsiN® 104, a

seconfh va ; I ' [ : 1 f..the
ousi . 100w BFLAGIE A GWRA fifes i sl 0 i nBUS e i P e
104D of t hecthopsiatignsOkh, thenitlsirated etibodiheet, sauruaive strd@dresotd,eld & o t he

first sid f 104C of the h ' 104. As d ' f | ui
et ude, 180 eRdriazears paavaoupRL I thebgusB G tonEoBeoad st valke ot esent
di scl osur gy dtis321 6 \BolpleUbtdtelpp & KIreee1 Mot Eheﬁh@in?ﬂ@4 hReachrysi ng 104

i ncludes first and second bores 126 and 128 defined in the housing 104. The
bores 126Vvalvd sirgtuieed 1Eactupiechéo alflrgt sidesusiace 1 Odhapkthembusing 104ch udes a

o080k A oD RRIORECRT™S BT A e P18 B P
paral | el . hbosingdio4l aRd & ReiripoVve s#bctarsl 122&ocaprastearedirgisigsd stirfase each
other within the housing 104 in a generally vertical direction as well as a
gener al | y1P4eepfathedhousing gP4. As used herein, fluids may include, for example,

liquids, gasses, etc. within the scope of the present disclosure.

[0032] With further reference now to FIGS. 6-9, the housing 104

20 includes first and second bores 126 and 128 defined in the housing 104. The
bores 126 and 128 are each generally tubular in shape and each includes a
longitudinal axis. The first and second bores 126 and 128 are oriented within
the housing 104 such that their longitudinal axes are generally parallel. In
addition, the bores 126 and 128 are spaced apart from each other within the

25 housing 104 in a generally vertical direction as well as a generally lateral
direction.

[0033] The housing 104 also includes multiple ports 134A, 134B,
136A, 136B, 138A, 138B, 140A, and 140B defined in the housing 104 for
receiving fluids into the housing 104, for transporting fluids through the

30 housing 104, for discharging fluids from the housing 104, etc. In the illustrated
embodiment, for example, the housing 104 defines eight ports 134A, 134B,
136A, 136B, 138A, 138B, 140A, and 140B, including first, second, third, and
fourth upper ports 134A, 136A, 138A, and 140A, and first, second, third, and
fourth lower ports 134B, 136B, 138B, and 140B.



[ 0033] The housing 104 also includes nultiple ports 134A, 134B, 136A, 136B,
138A, 138B, 140A, and 140B defined in the housing 104 for receiving fluids
i nto the wousiongisb@4, for transporting fluids through treThisSa®w0s35804, for
di scharging fluids fromthe housing 104, etc. In the illustrated

TSen. 1505 19M053E HeaeRt POHS 1 B0m S el 3R niSa R B d O - and
fourth uppgy @B %aéﬁ%«teﬁé%|eé§t8b\a§§/nﬁwré€&ﬁth@%ufsirf b04S8fPRee ik hird,

and fourth lower ports 134B, 136B, 138B, and 140B.[0034] The eight ports
134A, 1348enedéaonragBeatidBw|th1@eBof i Arst and se@Bdebeieseldeadddt2d. east

| h h th ' 104 _and ' | i i i th f
Phe t1 1 st FahiRamBh, dESraCendge Rt Hbfer Ao TAGEAROHS TR FRHEL "aHA. eoond”
upper mndah@wseBparetsach3AAuidlédmmuhidionadith #hbfFsaberect@d dndl theuhidd

comuni cation with the first bore 126, and the third and fourth upper and
| over por 88d Tg@A) UPPER angalomer Anits1 438A afl 38BadhOAnand fiADB: arareAFRaRi on wi t h

| cast  par 119 SrREicalBn ot e tbechB b i, SPREEUB Ina el bBer et "Va e

st ruct ur e134A4 is defrhedaf Rast paitliyrie dtke dppet surfadeheirtae housing L aitd taed fourth
upper ports 136A and 140A are defined at |east partly in the first side
surface 16@EvalversivIoiggst ifgcaumed\ie 8. tihieaded opig-dharateuf i SQePREasd r uct ur es

118 apgl 1%2(1r(hg g@ﬁ%@éﬁ@% AWH@@A({fe%eﬂnteBrmgSQb pﬁt\lg-ih th8§F&tQge And the

third upper p A1s defined at least partly In second side surface
104D of t herfacridD4G diGthevinausirtgh&04 withdtheaseconsit and faurtdh (@0e ctwptrds (e. g.

t hr eaded, . to. The first, d, thi d th | t
1345, 196818 Pa8el 25 ke Asesel) SolBer B oPreatell. i) Tielch AddnediER Eurface
1048 of 1 gpkoysit NasA0E derflaaldiabasnsiany HerROLeasity GRIREK AL | @ABlopd Wi hin

the connector 106. [0035] Wth continued reference to Fl -9, first and
second vatheehepsiogs1 Q4 avitinthel fdrdavalveesiaiciens 420 couptedhée.gl, ythrgadsdn t he

{eoPeRS | v e TR SRR AR AR 6 TRl i, 150 R vl e
and each gg8BI ahy140B beSBefited at st JarPe iPthd RRveresieidel Y4B @Tenhd 26 and
128 in which they are received. The first and second val ve spools 144 and
146 are t haysigari®dasgyah that ends thereof are generally located within the connector
106.
[0035] With continued reference to FIGS. 6-9, first and second valve
20 spools 144 and 146 are received at least partly within the respective first and
second bores 126 and 128. The first and second valve spools 144 and 146
are each elongate and generally cylindrical in shape, and each generally
correspond to the shape of the respective bore 126 and 128 in which they are
received. The first and second valve spools 144 and 146 are thus generally
25 received in the housing 104 such that their longitudinal axes are generally
parallel. In other exemplary embodiments, valve assemblies may include
three or more valve spools disposed at least partly within corresponding bores
defined by housings of the valve assemblies.
[0036] Both valve spools 144 and 146 are movable within their
30 respective bore 126 and 128 relative to the housing 104. For example, the
first valve spool 144 is axially moveable (independently of the second valve
spool 146) within the first bore 126 between an open position (e.g., FIGS. 6
and 7, etc.) and a closed position (e.g., FIGS. 8 and 9, etc.). Through this
movement, the first valve spool 144 controls movement of fluid through the



received in the housing 104 such that their |ongitudinal axes are generally
parallel. In other exenplary enbodi nents, valve assenblies may include

t hree or woreiwelsse spool s di sposed at | east partly w tRCE/USRO0ASIFONdI NQ
bores defined by housings of the valve assenblies. [0036] Both val ve spools

144 and 146 are vable within their re I ve bore and relative
Lo the. holloWaIas 10 ATRbIrBLGBPES THA #10 3576 AP0 AFoA ARG MR 5
noveabl e {{diegepgent bB).OAnH hes 8e&itH Valwe (%88I0H4é4i§) a%ﬂ@'rﬁo@é'%lé' rst
bore 126 between an open position (e.g., FIGS. 6 and 7, etc.) and a cl osed
posi tion (iedependandg. o8 thedfiret vetwe spoThriddyhwithinstheoeenemnd ,baree 128 r st

I |, 144 trol : t | ui d t hehousi 104 and
{br ough pAPIEeraaR e BaRROGE BoF|E51 Betd d o6 ter 4 69 prrilefpor o
126) . s\nd(d.§e He Bl aﬁalsceetégoqrhrd«ﬂ%] ths ardaimentMee abbénd varRepssutent |y of
the first valve sFooI 144) within the second bore 128 between an_open

posi tion (€6 gontmlsamovemand of fluit drpuahdhe heusised Qb shroueh Rastsg1384 Gs. 8

d 9, et ) ' t, d 6 trol
ovenen:. G113 00 Bl TR 1408 497 PR SHERF S0k B SRR L oL
ports 14048paradioh40B thei galvee asesmbly bi@Ce wWik8he Sesdribepenatmore odetalie val ve

assenbly 100 wil|l be described in nore detail hereinafter. [0037] In the
i | | ustrat BA&MHERY nent, the first and second val ve spools 144 and 146 are

substggtial ly fddﬂfgar |i1”th%0ﬂ®tsg'alféd @hbdctheRk affR! Frstt &% fddcBhd v OI\\/é spool
144 includes a"generally cylindrical outer surface with first and second
annul ar gspoalesi4852ncahdo Bbd s(bstaptally sialila)y i cepstswadionn Fohexannpés, teer f ace

d itioned axiall I . The first annul 152 i
ol at i vel JRUrGbE B0l 14 Tarlach Aapceeluilrdi RliebiHrR BB 14,
and the sgraRdcand uhAlidcRedestPsl biid 1BakesRcrvER) biPbsta Mt Buter

| ongi tudi nal center of the first valve spoo | nd the second val ve
spool 146surateides pogjtaeedlaxjallyythendaloogl Thet tist annuéaregrdove 15298 and

econg. anpyl ar_ groo 15 nd .1 [ L vel dj LN _th ter
sur 12t s eRBE o 2 abo AL rEhRERE hi iFatilaie SHO3F ek pbd g hnu ar
groove 158e¢énd ghRdiar gtobvel P5Lls tehativelpRitHed dioha lthé esHgRtudMial tBates @FoNd
val ve spool 146, and the second annul ar groove 158 is relatively farther

from the thenist valvagipoekhterAnd thenseerssbyrive apoe toimiciures.a generally

cylindrical outer surface with first and second annular grooves 156 and 158
(respectively) disposed in the outer surface and positioned axially therealong.
20 In addition, the first annular groove 156 is relatively closer to a longitudinal
center of the second valve spool 146, and the second annular groove 158 is
relatively farther from the longitudinal center of the second valve spool 146.
As will be further described in connection with operation of the valve assembly
100, the first and second annular grooves 152 and 154 (respectively) of the
25 first valve spool 144 allow for fluid communication between the first upper and
lower ports 134A and 134B and between the second upper and lower ports
136A and 136B when the first valve spool 144 is in its open position (e.g.,
FIG. 6, etc.). And the first and second annular grooves 156 and 158
(respectively) of the second valve spool 146 allow for fluid communication
30 between the third upper and lower ports 138A and 138B and between the
fourth upper and lower ports 140A and 140B when the second valve spool

146 is in its open position (e.g., FIG. 7, etc.).
[0038] First and second bypasses 160 and 162 are formed in the
respective first and second valve spools 144 and 146. The first bypass 160



As will be further described in connection with operation of the valve
assenbly 100, the first and second annul ar grooves 152 and 154
(respectiwelzgiomissihe first val ve spool 144 allow for flpairdSe@ansssstati on
between the first upper and | ower ports 134A and 134B and between the

d d | ts 136A and 136B when the fi | 144
o i i SOopeAsseTirea derpel Ml eeds rUAR Adaetiar ot 4 HGvabeond

annul ar gegeyem4lgbhétafly fefh &RSRSHdsEelpetupé 16890sa6a M ¥@N thehre! 146
allow for Tluid comunication betvieen the third upper and | ower ports 138A

and 138B andulbetgreeve t1b@ fooarltohgitygieal and afother firsd vatvel 3o@olaidd. 1408 when

h d val 46 is in | iti . g,. FLG 7 ).
L0038 P petnsh BvaReone Bibshdeadali deaRes st fratafends rudnafeci 1 ve
first mnd|Repas vakve sepord Sabd sposl 146, ?aﬂi@rafl'yp rfigm y Beesnd &f)pessral |y

defines a channel that extends through at least part of the first valve
spool 144apefidical 0§ lpeaiad adjacent thy sk aapept Greoves156 deaa éengiwididdnt t he

first a“”Ehé‘rofgﬂl%o‘égcc}r?@é%%aqagé8§9i1&6’.d'*rﬂ)ﬁl£, dgg%fﬂf béhrﬁhtf{bF ?Test\fﬁ%%(c? igPool

144. The second Dypass eneral i nes-a chann ext ends

t hr ough atohmeegionp@ith sferbtion s cthedvalee \e&sepdd) 1086 the dinstr Bypassk 16 a
second byﬁa,ss aperture 166 | ocated ad"éacent the first annul ar groove 156 to
a | ongi t uBYIY CRieHthe first YRRY RPN APYR afiddhe seeend HRRST Pad ey WhaN f ur t her
descrjpedi{scon gy | A0 opekat - % snbhe first
bypasjsd)168+éf1](|§?<¥? 5"% c%@é;}flgsﬂt hsemf |:Es?tsclt0%88 eorstltporréé?jﬂé;;&g@t?%é é@@c’g?‘% upper
port 136Asetmmd biipass d62 fladly ecosiptesl thib4thiidsuppern part cli3@fedngdbe tfoomh (e. g. ,

FIG 8, etc.). And d b 162 fluid les the third
Dort 13sAUBAH PAB M Wheo RS SYETIT vaBR shetn t4h. RO Fidsa, boulide P ha6 | <
inits cl §§d mesotéen. (e. 9., FIG 9, etc.). [0039] Orings 172A, 172B, and

172C and Fings 174A, 174B, and 174C are distributed axially along the
out er surfaces[@I39he @irings 2, dd@Bnanddl A28 spd&-singad 74Ad 1748, and

res ti o Th | ngs. A72A.  172B. and 172C of. the. fir val yve spool
199 m S4B ARy Hlong B oo B lteeEn &b b 518 24BpHE °P
concur r en{alQB RGO N4 @ihdt 145 W@bp@ctﬁﬁéﬁ?! ThéDaingst iR orB)Gnd0f72g t hin the
first bore 126. And the Orings 174A, 174B, and 174C of the second val ve

spool 1460f Bienfiksé yelvepspapiett4 fsmy sgale batween 146 value spool 144 and the
housing 104 by concurrent engagement of the valve spool 144 and the

housing 104 within the first bore 126. And the O-rings 174A, 174B, and 174C

20 of the second valve spool 146 form seals between the valve spool 146 and

the housing 104 by concurrent engagement of the valve spool 146 and the
housing 104 within the second bore 128.

[0040] Actuators 176 and 178 are provided for moving (e.g., sliding,

etc.) the respective first and second valve spools 144 and 146 axially back

25 and forth within the respective first and second bores 126 and 128 between

their open (e.g., FIGS. 6 and 7, etc.) and closed (e.g., FIGS. 8 and 9, etc.)

positions. In the illustrated embodiment, for example, a first actuator 176 is

provided adjacent a third side surface 104E of the housing 104 for controlling

movement of the first valve spool 144. And a second actuator 178 is provided

30 adjacent a fourth side surface 104F of the housing 104 for controlling

movement of the second valve spool 146. The first and second actuators 176

and 178 each include internal threads 184 that receive corresponding external

threads 186 of the respective first and second valve spools 144 and 146.

Accordingly, rotation of the first actuator 176 causes the first valve spool 144

10



t he housi ng 104 by concurrent engagenment of the valve spool 146 and the
housing 104 within the second bore 128. [0040] Actuators 176 and 178 are
provi ded worormmeisyy (e.g., sliding, etc.) the respectiveckiusstwastssecond
val ve spools 144 and 146 axially back and forth within the respective first

d b 12 d 128 bet hei ., FIGS, 6 d 7, etc.
e ol ooutp (i Xt SidCselal th N kst Betks 126 Saprerasion of dped

enbodi mentecd abriaR! e cadsdesthe 3eEHRE 9bIvE Spoop 186 Y Indtkd é‘)@lblﬂﬁfé?%;.,a third
side surface 104E of the housing 104 for controlling novenment o he first

val ve sposlide.£4c.) midhessaepondiprad28at or 178 i s provi ded adjacent a fourth

side surface 1 f the housing 104 for_control]ing Vv, nt of the second

val ve spool 14%’%411% fﬂ}est Ir tn(?n eé&ﬁﬁ”ﬂgc??c}a?%& Jﬁ% %ﬂr:cg ﬁig %ScﬁaFfﬂ.m ude

interml tbhisiad o 1 hbbsihg MeaeioVRIonOrcteEa it BGe estiRcoabraiRegadink86 of the

respective first and second val ve spools 144 and 146. Accordi g&l‘/gl rotation
; A

of the fipxial eoveaent ralabve fdwsheuring i1P4t(e\gal Ofé thgrBevsing 4104 xially
9. slide. . . oo 4
ot oator 7 uShrite fbBnent, Tor, BOAROE She HHMABHE EREA (HEHE: BESS™

sli de, et 83 confiyjireds@apndizeds shdpitl, dobetlttedhetd.) toslhe agckivat aitdinagt uat or s
176 and 178 are each coupled to the housing 104 to allow rotation, but are
each consfPANRERPragAGormediinthepoesiagt! Ode Par arplagroyeiddsiongedaa (e. g.
of f t h | , it | hecid: Iﬁg“ ' s +H=0 - l e, the
act uajtﬂgr Sﬂté;gﬁgsl ﬁ??u%@h% \Qrg%g” %Ig%gcérllr## tc?tgé (eIJ.%gli.?i %Q@g@ tr%hg%gséﬁap
construct é84 fet consttaining aaaleinogement lof the respattive Emtwat@©076 anted78n t he

housi ng 104, An annul.ar groove 192 formed in the boss 188 aligns with a
pair of phB r?ﬁ%?cqgﬂ%ygwmt@é-i n the housing 104 for constraining axial

movenent of theygayPectie qoRsiniation 4RE @ade 1dbor t1ug egReauet of ithe housi ng
104. [0042] The housing 104 and val ve spools 144 and 146 of the illustrated

enmbodi nentllusirategr @nbedingnt e eoréiesably made froms abdnem sebsiance daxing gh
ef e e S e R DU G R
housi ng i xtradteBR thAEMAnah@StihCon@t &draplary rerbdEmepxerdt akaymprEogdi ment s,
O S R ising 18 molRea from B biastic materil. In other exemplary ombodiments, = 7
housings and valve spools comprise fully fluorinated polymers, such as PFA,
TFE, PTFE, FEP, ETFE, or the like.
20 [0043] Operation of the valve assembly 100 will now be described
with reference to FIGS. 1 and 6-9. In one exemplary mode of operation, the
valve assembly 100 may be used to fill the container 102 with liquid, to bubble
a carrier gas through the liquid, and to refill the container 102 with liquid if the
liquid level drops below a desired level. In this mode of operation, the valve
25 assembly 100 may initially be coupled to (e.g., threaded onto, etc.) the
container 102 via the connector 106. As generally shown in FIG. 1, this
locates the first, second, third, and fourth lower ports 134B, 136B, 138B, and
140B generally within the container 102. This in turn locates a sparging tube
194 (coupled to the third lower port 138B) and a receiving tube 196 (coupled
30 to the second lower port 136B) within the container 102. A liquid supply line
(not shown) may then be coupled to the first valve structure 116 for supplying
liquid to the container 102, and a vent tube (not shown) may be coupled to the
second valve structure 118 for use in relieving excess pressure in the

container 102 (e.g., excess vapors associated with filling the container 102

11



TFE, PTFE, FEP, ETFE, or the like. [0043] Operation of the valve assenbly
100 wi Il now be described with reference to FIGS. 1 and 6-9. In one

exenpl ar ywondw/misoper ati on, the val ve assenbly 100 maypog/uss@d/oszssfill the
container 102 with liquid, to bubble a carrier gas through the liquid, and

t fill the t ai 02 with liquid if the liquid | | d |
desi red | BBITAGI ey B eardeeodt soRpv e wal SEoueb &by oiedy "
initiallyidamepidl vdvd Str(i8tuge i ZDfTbF@GﬁﬂthET%rri?F g?% td B eaMtafidrerp2102 vi a

the connector 106. As generally shown in : is |ocates the first,
second, thAhdd psodlc diansfer lovwee (nqicshawvn)3xBy S EByPIEESB, thenwutthoBlygener al | y

within the container. 102. .This in turn | ocates sparging tube 194 (coupl ed
to the thPTECHERAP2dr [ecpigay Vargr prodhatresoneted by Hecq st PPN &1 e
seconds | owRy cdtbinet36B) wWithin the container 102. A liquid supply line (not
shown) may then be coupled to the first valve structure 116 for supplying

liquid to the [ netfterozouphing the wahte asgrmpliotOG il cartaings 1Wupl ed to
‘h _ . Coo! o
oot o cor SRYEINEE GREHES Y€ 142 1b e Uafd Aot ahbG |9, FETRSC A SRR ol et

102w t h | batuatbrsets and A8 hedy Be asdledtivelygaserstgapltey nhovee tHenedspslative) may be
coupled tg the third valve structure 120 for supplying carrier gas to the
cont ai ner TS 2Ndz3REOAA IR 8POPIS Al aRd | TdRebgtWEENShBIrOPERaROTON AR ed t 0
the fourt ture WA d by the
carri B oo S o e Abls) B e {fRE ot BB S PR R
assenbl y 108 nay baeotaded adbueterdoekwisado afid\er theotgspbeniyve halveispes! 144t he

| | 0, the first and t yat 76 and 178 b
el ect | veRacHie S s PemRRice arEC RBERGRS 1§ 1S ves e SEToRIVRal 4 spool <
144 and 14§ohef4eghd 1aei tb iRPEBsEP PbSHiBASIPAgitioE) igsﬁggﬁ% Bgéﬂécieﬂ@é- For

exanpl e, each of the illustrated actuators 176 and 178 nay be rotated
count er cl Bekviheefirsb vatyeespord 14k peayt ibeemoxedebaipeen itstdirsinand 46condits open

PO e, BRfafh MRlPereh T 5r SEEoR S TARE Sl P e e L2
val ve spoghlvé44pdaly 1h6 mryeBebrioveanbetwedn Mgt fiftdase CsutdnBOpbbitioRs
i ndependently of the second val ve spool 146, and that the second val ve
spool 146inegpepdentedthedirsleive so9lit4¢t and second positions
[0045] In this exemplary mode of operation, to begin, the first valve
spool 144 is initially moved to its open position (e.g., FIG. 6, etc.) such that
20 liquid flows into the housing 104 from the liquid supply line through the first
upper port 134A, through the first bore 126, through the first valve spool’s first
annular groove 152, through the first lower port 134B, and into the container
102. Excess vapor that forms within the container 102 (e.g., vapor associated
with the liquid that may increase vapor pressure within the container 102
25 when filling the container 102, etc.) moves from the container 102 and into the
housing 104 through the second lower port 136B (and receiving tube 196
coupled thereto), through the first bore 126, through the first valve spool’s
second annular groove 154, through the second upper port 136A, and out of
the housing 104 through the second valve structure 118. This operation can
30 effectively vent pressure from the container 102 while the container 102 is
being filed with the liquid (and thus help maintain pressure within the
container 102).
[0046] After the container 102 is filled with liquid to a desired level,
the first valve spool 144 is moved to its closed position (e.g., FIG. 8, etc.) to

12



I ndependently of the first valve spool 144. [0045] In this exenplary node

of operation, to begin, the first valve spool 144 is initially noved to its
open posiwpaniyeigpl, FIG 6, etc.) such that |iquid florsTiusc@otbzsshousi ng
104 fromthe liquid supply line through the first upper port 134A, through

the first 1 h the first first |
152, thy odigh el el fe 15 coriSnay Tk Fref aneiesconR QS T62A. Evcoss

vapor thapn§arps Yiddihmtidiescap MakiRgowBe pbf - B4A ﬁaﬁptrheaﬁ%pgbﬁéregom t h the
liquid that may increase vapor pressure within the container 102 whe

filling thd4Bosuwct tleat @ firsit ealye nepasd t44brimhiniés doavermeastr of dbealiguid nt o the
housi ng 104 t hr,ou econd |, ower 136 nd r vin 196
noust og 1 erbbesiedh, Mg RERE0n AL BRO 1538 TreBind TTRE SRRy v

spool ' seefnHeasttohariodepPoet 1368 flohf dveBethitd @gpéﬂgonmA PIHé flﬁs36A and
out of the housing 104 through the second val ve structure 118. This

oper at i onlavegi @oriect34Rel gndefite pseeegr dowebnportie 186Rt AraestiioP vilHide t he

cont ai ner n I [ S

oreseur e GPTReABT (B Hishd i, ot e RS aReS sBEHR. hBhE, ¢
filled w tahnullaclgrcsbvkeo1Eaar dﬁmrreedorhtemlr ,10Rhe othergisevsdaled sipabis pobttionrs noved
to its closed positjon (e. etc.) tostop the flowof fluid into

t he cont aPR¥rexeg9s “ﬂPfdsin gﬂﬁj h@é‘ékﬁ‘ﬂﬁ@f rfﬁOM‘@sf@VQm%rﬁ'Eﬁtlmrs%& Mty al |y
| t that th
seal {de VHerBQ%Olgl?é"ﬁiﬂ%?%sigé@rturreof@éi hﬁrdcd]ghsthgl’ff’?ﬁémp%%té 16D34RdSY e t ha e

first val S novenent o herébetween. And the
second andetdnd dipPer ipogs 1882Bfaxndistii2ges trbst dme irmluisingsd@i thhneugredload | ower
port 136B fro\rBe r] Fcond L@ger port 136A. The first |lower port 134B and
the secondCPPUEYNBSIUEREB1dPe still in fluid communication within the

housi ng 104 vi pog4yg fiAmdr thel ¥@t %W@ s@o@ewms HERthET B6Rdlpdye but the
contai ner 102 | s otherw se seal ed his position, any excess liquid in

t he housi AROQAlOWE Isomeved dmitshepdn pesntlgmﬂe:g plolQ. L340, Clarrmrggaa flews i r st

vort ron Pt arscumphOnR B ddlBiig 18 AOR3R ok Ratm, A0 %i?ﬁ%%‘?%ﬁ”d hi

structur ethlrje8 valvie08dddtufd t1er bb@plbdr flergtadl) v enrd0ge| thé4dedchdC besedi 28
second val ve spool 146 is noved to its open position (e.g., FIG etc.).
Carrier gHywoeglyge second valve spool’s first annular groove 156, through the th|rd
lower port 138B, and into the liquid in the container 102 through the sparging
tube 194. The liquid is vaporized in the carrier gas bubbles formed by injection
20 of the carrier gas into the liquid. The carrier gas and vaporized product within
the carrier gas then flow into the housing 104 through the fourth lower port
140B, through the second bore 128, through the second valve spool’s second
annular groove 158, through the fourth upper port 140A, and out of the
housing 104 through the fourth valve structure 122 and product transfer line,
25 which may direct the carrier gas and vapor product carried thereby to a
desired secondary location. In addition, during this operation excess carrier
gas in the container 102 may partition from the liquid and move upward
through the second lower port 136B, into the first bore 126 (between the
second and third O-rings 172B and 172C of the closed first valve spool 144),
30 through the first valve spool’s second annular groove 154, down the first lower
port 134B, and back into the container 102. This may, for example, help flush
any liquid residue from portions of the first and second lower ports 134B and
136B, first bore 126, and first valve spool 144 in preparation for subsequent
operation (e.g., subsequent filling and/or refilling, etc.).
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froma gas supply into the housing 104 through the third upper port 138A
(and third val ve structure 120 coupled thereto), through the second bore
128, throwmghotomeismecond val ve spool's first annul ar groece/us2@9/05358Dugh t he
third | ower port 138B, and into the liquid in the container 102 through the

spar gi ng tube 4  The_li [ is vapori.zed in the carrier gas, bubbl es
o h, o Lt niOne e sk B Bt R v EL et Bond St AER gas and

vapor i ZedfBRrPHHE boMlaintirM §21eheasddotid 9ave IdpRB] HuBWsi AbOed 1§ ilRobRsBg 104
through the fourth | ower port 140B, through the second bore 128, through

t he secongositibndegpoblGs9setontd aioputher flow cfvearieggas hintoutlle cordaienr t h

and f fhe. housi b the f |
ST uct or o 19821 AP rasee e SR T AR oy 148 B e DEM SRS, gas
and vapor [qerdstsit 18BN irgmh tHeetraray ubSerdp6residBrd e anstae dawmid alve | n

addition, during this operation excess carrier gas in the container 102 may
par ti ti onsPe@m4thiahibitgunavemenheliBegaikedgasmsighbetieens bodribe se@erd por t
136B, int | ' ' 172B
and 1720 GPOERc S Bhan PP AR R T BB S EA e BaHT (et L1 05, Ve
spool ' s s@roantherfsurrauppeo@oet 158A. Taenthirdelofver Jort dBBB @ad thd F8kkth and back
into the container 102. This may, for exanple, help flush any liquid

resi due f YRR 1668 @€ stileintfiyid ccommuRisatieR) Viots Seertds valua sPorts 1368,
firstqdor [ e i ' f b uent
oper alq)ong?%&gj. aﬁ@ﬁlgggaﬁé\ﬁét’a}? ?1 P?ﬁg%aﬁédhﬁ%}dér?eﬂ%eﬁﬁggﬁng{é <. ?éﬁ%gﬂéﬁgmce a
desi red aswceds oarrieapgas pr duridtousig HE4mMmey tfloy drem fthe nthirt eugmert pomer 102,

th | | 146 i dto.t d i ti .g., FIG 9,
ere.) Lo 38R ieeR Qe srcend ehBASH 2ot 1BRetOHBR e s2bend BTkest (st and
second O "IBﬂ,géné%ﬁhér\‘@uﬂtﬁﬁ&?ﬂtb?irﬁﬂhbﬂ' fo¥ disHMargd grdnhithé Hd@l‘é@{g li’g%t 138B

fromthe third upper port such that the second val ve spoo
i nhi bi ts Huoegkthe tdurtthealvarstiusturgd22t Hoissmeywiarrexamnelet Alsodwtpfidstand third

Che 182 ¢ ATy RRPridd Bradlii ¥ oo Bhine Seitd bt e cs Rl BlVe | omer
port 140Bsps@ w=t0, fdurtiuppeét sore g88UE0ABNE Proddct tRskedipedn \réysraieeol ' s

second annul ar groove 158, but the container 102 is otherw se seal ed. Any
excess cafarissibsgadentropefietioibusi ng 104 may flow fromthe third upper port

L38A, through. jqifagyecot RS it bRERpE) mddy BHGkraNgn SPER Y PaSS

in the container 102 falls below a desired level, the second valve spool 146

20 may be moved to its closed position to stop movement of the carrier gas into

the container 102. And the first valve spool 144 may then be moved to its
open position to refill the container 102 with liquid for subsequent operation.

[0050] In another exemplary mode of operation, it is contemplated

that the valve assembly 100 may be used for closed transfer of liquid out of

25 the container 102. For example, in this exemplary mode of operation a gas

supply line may be coupled to the second valve structure 118 at the second

upper port 136A, and a liquid transfer line may be coupled to the first valve

structure 116 at the first upper port 134A. The first valve spool 144 may then

be moved to its open position, allowing gas from a gas supply to flow through

30 the second upper port 136A, through the first bore 126, through the first valve

spool’s first annular groove 152, through the second lower port 136B, and into

the container 102 to pressurize it. The displaced liquid in the container 102

then flows up the tube 194 (which is now acting as a dip tube) connected to

the first lower port 134A, into the housing 104, through the first bore 126,

14



162, and to the fourth upper port 140A for discharge fromthe housing 104
t hrough the fourth valve structure 122. This may, for exanple, also help
fl ush anywoapuovizrssd products from portions of the seconacharseoo2®83s8szecond
val ve spool 146, fourth upper port gas 140A, and product transfer line in

r epar at for se nt o ation 004 Al ternatj vel n,this
gxeﬁpl ar;/ H@n 5693 g?gqﬁygﬁp%p;stsiggopg[ E] afoR¥e @%}4 \éﬁﬁé’rglhlw ¥|r§|t| s bel ow

a desi redubﬁéﬁborttﬂﬁAs%ar@ti@f' tMe h%ﬂf%ﬁﬂg 1645 trﬁ%)agﬁ%éqrf@tdvél@e istricir@sed
position to stop noverment of the carrier gas in he contai ner 102. And

the first1¥aland ligpisbiransfer lies colgladieenebved to its open position to refill

t he contai ner it Ii 'd for s bse uent _operatio [ 00 not her
exenpl ary rmdeﬁgﬁ“\(iﬂpepg er ?X?@p q‘ﬁ% &96 % Erﬂ% fq}éerazggnbl y 100
may bes usathyf pitiahl aseelldd W‘tﬁfﬂlqgfd ahdlhsl varie é’ésén"ﬂl@lycﬂm ﬂidﬁﬁéod&é’d For
exanple, in th| s exenpl ary node of operation 8as supply line ma

coupl ed t theral® Vs opertian. Jerst thecyalve assenbly 1A r@%y:bﬁdﬁ@@p@rreﬁﬁrt%/e 136A,
and a |1 quj ot e?nﬁze{}wtb I@A&;‘B%ﬁ_%% lr'éjll?([lm% ‘ﬂgﬁﬁemf heS ﬁ%{g\é? 1%t2r]aé§£ure 116

at the first upper S oo t hen "be noved

to its opbksloposidesped leddl.owi ng gas from a gas suppl y to flow t hrough the
second upper port 136A, through the first bore 126, through the first valve

spool 's first Hf@lar |5|SBGU'€' _ﬂL‘B\Q be aPprRtiateRet hab o@hee ?‘éﬁ%mbb%?P 1A8B, and

i nt I

cont alher PN BREloEHfe M DiGSUMAE. dirald i f SRUBE RN ctaifletdWHAT,

t ube) conheuit eiddependentlyi o’streﬂrlemg pzapd;r mﬂzﬁucts froo tthe Ihmwsw@lrl@he t hr ough
the first bore 126, t hrough th rst v ? second an %r groove
154, hr oBGEES1 MtEOUlet o lngaandlok s B0 speRieTnawy: BE 30781 hr ough
the first mMﬁbMﬁre’?ﬁcB\Hﬁé ‘tHeevéﬂf@ a%,@,@n'lblyﬂﬂb% fheadsHiSihetd A8d ﬁ?éipﬂ)r%ﬁhdé"%"r eto.

[0051] In another exenplary node of ‘operation, the container 102 may
initiall yelss@nﬂledlcﬂwrailcms af thmualdeaa@emmneeaFaé exsgpid| gperatonhercieoupl ed

the ok, L8 SAREAE e ioyid Fud XaTaRR AN Yah8Po Y, ook Hod s ne i nor

102 fal | srqipbead Froresheé eiduicerethe bORRers tcaphbelsdguentifiy aone esitiued t hat
val ve assenblies of the present disclosure may, for exanple, operate to

fill and/ BRCoWlingl valvaassaeibliesifrom the containefs between such operations.
This may reduce risks of contaminating the liquid in the container and/or may

reduce risks of exposing the liquid in the container to the atmosphere during
20 such extended operations.

[0053] The foregoing description of the embodiments has been
provided for purposes of illustration and description. It is not intended to be
exhaustive or to limit the invention. Individual elements or features of a
particular embodiment are generally not limited to that particular embodiment,

25 but, where applicable, are interchangeable and can be used in a selected
embodiment, even if not specifically shown or described. The same may also
be varied in many ways. Such variations are not to be regarded as a
departure from the invention, and all such modifications are intended to be

included within the scope of the invention.
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liquid independently of retrieving vapor products fromthe liquid within
the containers. Mdreover, such filling and/or refilling operation may be
done wi t wotoroermsoing t he val ve assenbly from the cont aPoEns2@005358Y
provi de for extended operations of the valve assenblies. For exanple,
operations such as filling and/or réLk*I%ng liquid into containers and
transporting vapor products retriev MSm t he liquid in the containers can
be sequenti al | ywrlang Minhedis:uncoupl i ng val ve assenblies fromthe
cont ai ners between such operations. This may reduce risks of contam nating
the liquid in the container and/or may reduce risks of exposing the liquid

in the container to,the atnos re durin ch ext ended operations. [0053
The foregoing escrﬁ‘py?lgﬁ %%Set?ﬂgyef%(fﬁlq’?gﬂﬁ@ ﬁ%gﬁglgeﬂo &85P{?érberf gﬁepgrpos]es
of illaist yakkosssehtbly@eiid Pberible td fillsam@br rériemtéedontaines withausdjdiye or to

limt the invention. Individual elenents or features of .antgartl cul ar
enbodi menwhile eeféing rédeps napor ifrar dheteontaiaer gaseciatpdawitntpediawithito but

wher e appli I re | b b eq | S

obodi monfe B8 ressli "L SOARARTRARRE h WDttt e DaBReRERISY. 1 5o
be vari edalso b@iny oparableStec mtroailicata easricrr gaiditotthebsortaigar deduss i
departure fromthe invention, and all such npdifications are intended to be
i ncl uded TRFIRYIRTt AevaRBpRragkct fom Hpentiqud . witinnvensentainerethe nkrlves: 1. A

val veq@ss Mbi - ably coupling to a container, the valve assenbly
bei ng Ggpergg% ebiyggomﬁl a?id/ or refill the container with a liquid while

venting excessavepsmgirom the container associated with the liquid to
relieve pressure in the container created he |iagyid, the valve assenbly
1 56 bei ho. opePdBPEMASSAVEGRICE 45085 &t hsbbrnvifia e iousihar s or use
in retrieving ghepdlRTthRr &8I Gr MbRiNVANR lshasisdamd ftidpenentpthaiéstile the

val ve assenbly conprising: a housing; two or nore val ve spools disposed at
| east par telgtivg tohihe hbesingusi cantromMmededmentibirough dre housingadfva ligpishl s ar e

| NP EndeRL L TMRAPLE I T Wit b 1612 EAPEr O AR £',aBBY RPNt T OUa”
retrieved by the carrier gas.

2. The valve assembly of claim 1, wherein the housing includes
means for releasably coupling the housing to a container.

20
3. The valve assembly of claims 1 or 2, wherein each of the two or
more valve spools includes an outer surface and first and second annular
grooves disposed in the outer surface and positioned axially along the
respective valve spool.
25

4. The valve assembly of claims 1, 2, or 3, wherein the two or more
valve spools include a first valve spool and a second valve spool, the first
valve spool being moveable relative to the second valve spool to control
movement of the liquid through the housing and to control movement of the

30 excess vapor through the housing, the second valve spool being moveable
relative to the first valve spool to control movement of the carrier gas through
the housing and to control movement of the vapor product through the

housing.
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excess vapor associated wth the liquid, a carrier gas, and a vapor product

retrieved by the carrier gas. 2 . The valve assenbly of claim1l, wherein

t he housiwg@ 20ral2usdes neans for rel easably coupling the RowAiSp@963587

container. 3 . The valve assenbly of clains 1 or 2, wherein each of the two

or nore val ve pool? i ncl udes an Futﬁr suré{oace and first and second annul ar
b 21

grooves dispos&d in Re'al(R @FSETPYaRkC! o¥hereih e _QQP%'I”de%ﬂr}?ﬁgat he
respecti Ve dJore sHeP8!sectnd D8, Wl Yikst aaRRITBbYoIBeifg 3eBBivdd Withi®the:

wherein the two or nore valve spools include a first val ve spool and a
second vafitst bopp@nd heieg faixiadly mavakde geoerallyedlogg rrolwsghildinaebxisiofédhe o t he
second vah%ﬁ spool contro qnvenen¥ of the Ii§Uiﬂ{t2EO§%h tg%)housing
and to cots SR R SBroNGh ety SRS 5RG: TCRMEANMINENASTEPAYS PY Re second
val ve spoghdhsiifg axriNgabeatsie! gdrierallyt alonea flongtudiddl vaxis P ehe tsecendt I ol
novenent of the carrier gas through the housing and to control novenent of
t he vapor bgf@duct through the housing.5 . The val ve assenbly of claim 4,
wherein the housing defines a first bore and a second bore, the first valve

spool being received within the first bore and being axially novable

general |y along. a | Phgivalud asdenally of efaitnh®, Whergin ey lousimgl defiees éisond val ve
spool being received within the second bore and being axially novabl e

gener al | y2Bf §8§03d PEASIR fHiche@mepunicasipniwith dieciiishibes: ée rst PPRD-/RY ve

assemy y ol al ) et - I j i - orts in
iun d o el reckife Fliods IReBL TRl B o A 8t Cr d to
recei ve tfiestibagaj the rsecondth godrbbeinyy canitigurednoptranspdre thé qercdss ovapoe fir st
bore, the second port being.configyred to transport the excess vapor

nesoci at eaSsrameahEth; B MG dort HhS L BRED e PBCHaISE RRFY N om ¢ he
housi ng. Kousihhe val ve assenbly of claim 6, wherein the housing defines

third and fourth ports in fluid comrunication with the second bore, the
third port being configured to receive the carrier gas into the housing and

ranspert (1 N® 371 fho9aiud GesBRP B EaRe e whbfkid HELRRNY dFh8
third and fourth ports in fluid communication with the second bore, the third
port being configured to receive the carrier gas into the housing and transport
the carrier gas to the second bore, the fourth port being configured to
transport the vapor product retrieved by the carrier gas away from the second

20 bore for discharge from the housing.

8. The valve assembly of claim 7, wherein the first and second
valve spools each include an outer surface, and first and second annular
grooves disposed in the outer surface and positioned axially along each of the

25 valve spools.

9. The valve assembly of claim 8, wherein the first valve spool is

moveable between an open position and a closed position, and wherein:
when the first valve spool is in the open position, the first port
30 communicates with a corresponding first lower port through the first valve
spool’s first annular groove such that the liquid can move from the first port,
through the first bore, and to the first lower port, and the second port
communicates with a corresponding second lower port through the first valve
spool’s second annular groove such that the excess vapor associated with the

17



transport the vapor product retrieved by the carrier gas away fromthe
second bore for discharge fromthe housing. 8 . The val ve assenbly of claim
7, wher eiwotzhw/i2ig93t and second val ve spool s each i ncl ugetars2asssssur f ace,
and first and second annul ar grooves disposed in the outer surface and

ositioned axially alan ach of e val ools, 9 .. The valve assenbl
PESe o m BadiiBinahate fote 0 BeSand, Bl 't BN Sb o s Hat e BRO R tBRer
posi tion 88cbrRy FbRFRLIBGMrGE Fom BhdtsRgi dhg when the first valve spool is

in the open position, the Tirst port confrunicates with a correspondi ng
first |ower powhenthedigst tahee Spogltisvalthe cosedipasition; the frativaive gpambve such

that the Li id.can ve fromthe fijrst t hr.ough e, first, bore, and
to the 11 ePlBigR pBRIE mbFR Y wbBTbuBL e bR itTet BEngi Rl 19w

cor r espongdbAdanesabstah@dly inBits rhdverHenht ditRefdxcess vaparerrgmant 'seceggond
annul ar groove such that the excess vapor associated with theliquid can

move fromOWes postionibelsegend port: , through the first bore, and to the second
port for discharge fromthe housing;, and when the first valve spool is in
the cl osed position, the first valve spool substantially inhibits novenent

of the liquid filopom The Valvetagsentbly @ftdigint i9, swhéreweth@dirst, valnd spool
substantially inhibits novenrent of the excess vapor fromthe second | ower

port to t H@f'%%%ﬁr%(pﬁﬁ_ gxtengding at{gastnary HB’QB%I’[WB st ¥alyeBPeOl\aEr ei n t he
firstyyal ve spaplrdaTUASS tfe RRASHEELENTENA tAE ({l@'é%ﬁ ngfiéﬂw,ytﬁehlri gh the

first val ve spool; an erein when the frrst valve s isIn e cl osed
posi ti on, caembveydictn dhe firstv poity totdle therfsst pelve, spdol’'eugypasie td ithet val ve

spool 's bypass, to.th econd port for .discharge fromthe housing. 11. The
val ve ass gﬁﬁr}ﬂ B?Ré?racﬁﬁﬁﬁb?rgﬁﬁ@%h? bSiA@cond val ve spool is noveabl e

bet ween an open position and a closed position, and wherein: when the
second val ve spool is in the open position, the third port conmunicates

with a correspdhdi nghehiahe bssemblymftclainy Buyherdie thesendnd aelve sgasdl ' s
h that the.carri he third

por . 14 nr BUDR- PRIB LRI abben i EFY EhEa e RN B Rel® et our n
port conmmuni cap@enWihehs@cdi®l VarReosshdldisf inutHehopemesogmi, ther @irehpédie second
communicates with a corresponding third lower port through the second valve
spool’s first annular groove such that the carrier gas can move from the third
port, through the second bore, and to the third lower port, and the fourth port
20 communicates with a corresponding fourth lower port through the second
valve spool’s second annular groove such that the vapor product retrieved by
the carrier gas can move from the fourth lower port, through the second bore,
and to the fourth port for discharge from the housing; and
when the second valve spool is in the closed position, the second valve
25 spool substantially inhibits movement of the carrier gas from the third port to
the third lower port, and substantially inhibits movement of the vapor product
from the fourth lower port to the fourth port.

12.  The valve assembly of claim 11, wherein the second valve spool

30 defines a bypass extending at least partly through the second valve spool;
and

wherein when the second valve spool is in the closed position, the

carrier gas can move from the third port, through the second valve spool’s

bypass, to the fourth port for discharge from the housing.
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val ve spool's second annul ar groove such that the vapor product retrieved
by the carrier gas can nove fromthe fourth | ower port, through the second
bore, andwoaotameigsourth port for di scharge fromthe houscmgiS2emasisien t he
second val ve spool is in the closed position, the second val ve spool
substantially inhibits novenent of the carrier gas fromthe third port to
the third | ower port, and substantially inhibits novenent of the vapor

product from thg fogrERd\RWessdRbIy de:léiEr%]‘ PUESHLRREIbN with a cbheaiMél, ve

K
assenbly of claim 11, wherein the second val ve spool defines a bypass

ext endi ngwhereiedbe fiyar valyet spasligh noneabie 4o contiov eaveoent einthewkgii@i n when
t he secongd val ve spool. is in the closed si.tion, t arrier._gas.can nove
from the THPRgY fas B8%5ing amgtintenBedictiiteb B Uboddne el 8 cebBinddNike s our
port for eHehfaadhd (PBbhii6 MevehRat b the EReeyalvaporasshdatedonitisltaém 4, in
conmbination wth a container, wherein the first valve spool is noveable to

control ekt @ff th&]éom‘iadﬂﬂrda@%rﬂ@’@g{ﬁhtﬂh@ h@u&in@g‘oéﬁdﬁqhﬁfgﬁ figan db@it ai ner
to fill aﬂgb%gr‘%dd lwﬁ&%jﬁqﬂ%a'sagénq\‘ %]Yé hEp%dM% %13{7?%&8 EPNEdo) Movement
lated W he [T qUid out 0

of the excesSs vapor assoc e container and

through t hoveeusitng thercatiiec has gerdugbnthichieo it iamd, ingon theveentiimert foe second
val ve spool is npveable to control novenment of the carrier gas through the

housi ng aH®€iRt&MeviNG dhe Marer Aredueiskomnthestiauidvinnie rReNi@ijesrangt d@uct from

the ljgui d.baqt J @é(}%t t .k Vﬁyrﬁ{g ; Y oduct
ret riL@edg%@tp?lhrﬂS\égrﬁg Ptglr)fqg{aes utr pgr? agﬁerregjcl)en\)tggi er a%%rntek gagﬁﬁgﬁéﬁ ousi ng
f or di scheomfairfar@mdttheougbutberpusing forkheschargesfrasstbeiiiousofg.cl ai m 4, wherein

the first and second val ve spools each include an outer surface, and first
and second annul ar grooves di sposed in the outer surface and positioned

axiall'y al ong each ghet\Mve als4@mBRPYf TlaikP 4, WKl fistSeRdPIskcBhd cl ai m
14, wherein the first and second val ve spools each include a |ongitudinal

channel exalkwadspaplaitedcbaciysier ahyouter sugiace handefypt @nidveesaridv@nsplesl . 16 .

R R e RN D O

valve spools.

15.  The valve assembly of claim 14, wherein the first and second
valve spools each include a longitudinal channel extending at least partly
20 through the respective valve spool.

16. The valve assembly of claim 4, wherein the first and second
valve spools are each generally elongate and generally cylindrical in shape,
and wherein the first and second bores in which the first and second valve

25 spools are respectively received are each generally tubular in shape.

17.  The valve assembly of any one of claims 1 through 16, further
comprising a valve structure coupled to an upper surface of the housing for
transporting liquid into the housing.

30

18. The valve assembly of any one of claims 1 through 17, further

comprising four or more valve structures coupled to the housing for receiving

fluid into and/or discharging fluid from the housing.
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and wherein the first and second bores in which the first and second val ve
spool s are respectively received are each generally tubular in shape. 17 .

The val vewasseniaiigpiof any one of clains 1 through 16, f ectrhseowosyss? sing a
val ve structure coupled to an upper surface of the housing for transporting

hrough 17, 1 ufPher EBHBNGREETONS Gryaneol e ot Fredlt 48 ¥BBIaa to ¢ ne
housing f ﬂfe fRE6H oRE vl Sholofi eaciRidech RFRLENBakS aid WhefeihfiRe

housi ng. 19 . The val ve assenbly of any one clains hrough 18, wherein
the two otworor enarel walves poadls aeadhsnosed@éeastlpm@y Mut@lmme laowsing sbh wher ei n

h I I d h
housi ng_ i DEaoraliioRBh GEaderute HR8SErRom. b BRdntatl a8l o s are

gener o | yppadial.l el . 20. The valve assenbly of any one of clainms 1 through
19, wherein the housing includes a nolded plastic material. 2 1. A valve
assenbly for coupling to a container and controlling novenent of fluids

o and or oubgol HE R BLOSHe S NAE o SRRV EATEH 451 e NOUS! no:

means for renovably couplinhg ousi to a contai ner i st and second

| ongi t udi ﬂ*c’dh(blmmagwd)ﬁidewnhydémplalsﬁdﬁhengmaleach of the bores having a
| ongi tudinal axis; first and second |iquid ports defined by the housing and
in conmunication with the first bore; first and second excess vapor ports

defin by theohousiyn dyd [ I BT ~k&rst and
seconﬁgcarrl er Igas léorg?ggdeﬁérvg@%m@tphﬂgsﬁwnghcarﬂglln%k caz{dmrgﬁﬁfggtl@%n wth
t he seconthdvenentfofr §tidanohts earatior wapoof fireodootaipar ttbe dedlva easdeymitihe
housing and in comunication with the second bore; a first valve spool

di sposed SPMPEEEE  partly within the first bore for use in controlling

movenent of fl il ough the first bore;

means for removably coupling the housing to a container;
15 first and second longitudinal bores defined by the housing, each of the
bores having a longitudinal axis;
first and second liquid ports defined by the housing and in
communication with the first bore;
first and second excess vapor ports defined by the housing and in
20 communication with the first bore;
first and second carrier gas ports defined by the housing and in
communication with the second bore;
first and second vapor product ports defined by the housing and in
communication with the second bore;
25 a first valve spool disposed at least partly within the first bore for use in
controlling movement of fluids through the first bore;
a second valve spool disposed at least partly within the second bore for
use in controlling movement of fluids through the second bore;
a first actuator coupled to the first valve spool for sliding the first valve
30 spool within the first bore in a direction generally parallel to the longitudinal
axis of the fist bore; and
a second actuator coupled to the second valve spool for sliding the
second valve spool within the second bore in a direction generally parallel to
the longitudinal axis of the second bore.

20



a second val ve spool disposed at |east partly within the second bore for
use in controlling novenent of fluids through the second bore; a first

act uat or wouploadigse the first valve spool for sliding treTfisc@b/osmBve spool
within the first bore in a direction generally parallel to the |ongitudinal
axis of the fist bore; and a second actuator coupled to the second val ve
spool for sliding the second val ve spool within the second bore in a

direction genepal | yTHérv’:HMeebs&é}nbgﬁoﬂ elaghtzndlmérewufe ﬁifsttnag.osssmg _
bore. 22. The val ve assenb wherein the first liquid port is

defi ned adefiresat msztlgarby banamplpeer §uﬁaé@@fdhethwsw@,nﬁndgwhar&in\xher ein the

first exces art fi t carrier the fir ot Vapor

br oduct . pUR SHPBSE BROEPn e A1t calder BEF T ot 57 shPBe BoGiety e
housi rgy. gart He e‘é@h‘d%ﬂﬁéé%ﬂéa\ét Qértyb’vyﬁ%lo% durfdceldt, thé’ﬂ*@b@ln@ the first valve
spool controls nmovenent of a liquid tthrough the housing fromthe first

liquid port, through the first bore, and to the second liquid port for

di scharge fromyshe Rausjdi HabamBContals 8‘P§g,ﬁ PEFAh Ind TS

excess vapor aSsocia |qU| rough ousi ng rom %’%e second

excess vappoolpsoritrold hicueaherithsf 4 iligsid thmslﬁgh amlhbosuhgefrdm rtaé festCipad vapor
port for discharge fromthe housing; d wherein the secgond val ve spool

control s RBGeHEAEODANG fiEst, borey aQQstottll‘P?oi&ﬂQnF‘h@%lﬁ)@i”n@rfcﬂ%ﬁﬁqr ge ffam st
carri fd 931% utsangt hhRugh c,IoH iR&C Oy béHrﬁr%énﬂonmteﬂF éfe%Qngsca\fe{rd ?ar gas
or discharg t

port fromthe ou5| ng 1nto e contal ner cont
novenent essmlatepomtrpth&jh(qmld rthltougéavted Husinge froar tHeeseaqpsl exuessglapohe

housi n fro e se roduc throu h the secopd bore, and to
heseconBO0aluPugt dRadrpBrte. Rt teh xR ORer ROUSIRG S IS he val ve
assenbl y qupﬂh@lms?ngl,anaz or 23, wherein the first and second val ve

spool s each include an outer surface, and first and second annul ar grooves
di sposed i n t hwhergiertheusdcond aaide;ﬁmd iconUaISamcarlemerﬁIan@ Qaamr gést he

'he 713 5t tudvet e bfsid 1EvaRE IR teRles et PBh st esie ol 8% osea
posi tion, agdfdo the second carrier gas port for discharge from the housmg into the
container, and controls movement of a vapor product retrieved by the carrier
gas through the housing from the second vapor product port, through the
second bore, and to the second vapor product port for discharge from the
20 housing.

24.  The valve assembly of claims 21, 22, or 23, wherein the first and
second valve spools each include an outer surface, and first and second
annular grooves disposed in the outer surface and positioned axially along

25 each of the valve spools.

25. The valve assembly of claims 21, 22, 23, or 24, wherein the first
valve spool is moveable between an open position and a closed position, and
wherein:

30 when the first valve spool is in the open position, the first and second
liquid ports communicate through the first valve spool’s first annular groove
such that the liquid can move from the first liquid port, through the first bore,
and to the second liquid port for discharge from the housing into the container,
and the first and second excess vapor ports communicate through the first

21



wherein: when the first valve spool is in the open position, the first and
second |iquid ports communi cate through the first valve spool's first
annul ar gwoavm/eusdh that the |iquid can nove fromthe fiPCItUSRooguszdsport
through the first bore, and to the second liquid port for discharge from

t he housing into the container, and the LQRSL and second excess.yapor ports

communi caV@VEHROQYR SERENE | YQO¥R FHCN Lhak Hish BX GV AOTRTACEEYch t hat

the excesgyitMapeniqArses MEe %%ﬂhb%&h@@%e@@@aﬁ@ﬂ?oﬁ! giobde e arpd excess
vapor port, through the first bore, and to the first excess vapor port for

di schar gebéreprandie the fiest mycessmdapwreport fos disaherges fibrethegmmisings and t he cl osed
position, the first, valve spoal substantially inhibits enent of the

" qui d f om t hieenroE o Ee Seed 830 i cBeet] rrlion e JER VAR a0

subst amt i glibstahfidliyPinhsoiorRVBRien®foftthe IR GE TNy aRefirst Pauit Nsore @6 ang excess
vapor port to the first excess vapor port. 26. The valve assenbly of clains

2 1, 22, secormhliqwd pst, mﬁébﬁtanﬁél_lysgﬁtﬂ@ibs VeI 58| thE sexXREFBaITINET bet ween
an open_ pRajd A aRdlad €LOSEHoROM |Plhe ARHNNEES B0 BN the second val ve

spool is In € ‘open posriion, 1 rst and second carrier gas ports
comuni cate through the second val ve spool's first annul ar groove such that
the carrier gas _can_pove fromthe first charier Z%gs port, through the

second bore, arRé: toThﬁé’aé\@_céer*é'quf&'ai%szb&% #4 Ohe5f WeereiRdhgecond
vaporpr odd&inP ehhe %ﬁW@' fidveably ‘B%ﬂpeérh%ﬁ%ﬁgﬂdp(‘f i%r?ﬁ?@o%' cldsdgcond

annul ar groove such that the vapor product retrieve carrirer gas can
nove fr onpositosecamhdheegor product port, through the second bore, and to
the first vapor progduct port for discharge fromthe hgusing; .and when the
second val ve SHEBN & FaERIb velss 85508 11 dif Hee BRDRa: U VESsptol
subst ant i gbéohd Bairler igasBHBOMAINiEAE tARSUGhetheIsedntiomIVE 8pbbIrstirsgar i er
gas port to the second carrier gas port, and substantially Inhibits
movement ahntlae guegus sycho thattthe roaniierhgass eéan miovaafrom preotinst tchpoer gas t he

25, *of 2680h RO I beser borkt oY 30 MFe SRRF s sl e g
and/ or rephd! setbrid GHpor ipRdGUA EOME adoremuA@te through the second valve
spool’s second annular groove such that the vapor product retrieved by the
carrier gas can move from the second vapor product port, through the second
bore, and to the first vapor product port for discharge from the housing; and
20 when the second valve spool is in the closed position, the second valve
spool substantially inhibits movement of the carrier gas from the first carrier
gas port to the second carrier gas port, and substantially inhibits movement of
the vapor product from the second vapor product port to the first vapor
product port.
25
27. The valve assembly of claims 21, 22, 23, 24, 25, or 26, in

combination with the container.

28. A method for filling and/or refilling liquid into a container and

30 transporting vapor products retrieved from the liquid out of the container while

reducing risks of contaminating the liquid and/or exposing the liquid to the
atmosphere during operation, the method comprising:

removably coupling a valve assembly to the container;
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transporting vapor products retrieved fromthe liquid out of the container
whi |l e reducing risks of contam nating the liquid and/or exposing the liquid
to the atwospteenesoduri ng operation, the nmethod conpri si RGT/USeeNOWEISKY

coupling a val ve assenbly to the container;filling and/or refilling liquid
into the contaj ner thr he val ve assenbly; frans ort| apor roducts
ot v eved fronTIHG PRGN areiinediuh: BRhe: kpotaifets Roouans ey f or
di schar gegfsanpiyhe val ve assenbly; wherein the actions of f| I I i ng and/ or
refilling liquid into the container and transporting vapor products
retrieved fronirahgportingivdhpon prhéuciemea‘ilm@d fralm the Beujdeintthel egntdiee wi t hout
uncoupling the ¥al Ve assenbl ﬁfff romo%he C ner bet wee sal d actions. 29.
The net ho r8'fjgr& r}ﬁ}‘ﬁﬁgasﬁﬁ@rb |9r1df$1 PFﬂf ?@/ pvrag.fq %3 V1 quid into the

contaimer incl yhepeirmneé @gtléhé bfﬁlhn @huﬁ)ri*‘réﬁlﬂhg afuidhetovmkVermsinenahy to an
open position to allow liquid ow into the container and to allow

excess vapansR@rting rvapre QE@NC&'{SS rﬁ@?”eé@@cfﬁqratt@@ liguichin He Forf@ingert@nt Pew out of
the cont a‘sgguer{t%%roedvr\jn EVHAGUPHES Ilﬁ %U\}d\/é Qgsgﬂgmrgﬁrth 30onthiMes et hod

of clains Selein 1 Fans vapor 2N B TRVRY S rom t he
| i qui d i nbetwearosdidiaadons.ncl udes ITDVI ng a second val ve spool of the valve
assenbly to an open position to allow carrier gas to flowinto the
container to retrieve vapor products fromthe liquid in the container and

poelfint "5 S28L, STeTiemed s sgaskcih g A qtler i JgoN procr T
filling atie oonta&ferllmclu@es mping arftret vdiee sppobohtre cave Beseimbly to an
| ndependent |y of it ARSI 35 HowP 1S UBE SedrBhinbE 4R (o QM kUi @ 1
vapor within the container associated with the liquid to flow out of the
container for relieving pressure within the container.
15
30. The method of claims 28 or 29, wherein transporting vapor
products retrieved from the liquid in the container includes moving a second
valve spool of the valve assembly to an open position to allow carrier gas to
flow into the container to retrieve vapor products from the liquid in the
20 container and to allow the carrier gas and vapor products flow out of the
container for subsequent discharge.

31. The method of claims 28, 29, or 30, wherein filling and/or

refilling liquid into the container can be done independently of transporting
25  vapor products retrieved from the liquid in the container.
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