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APPARATUS AND METHODS TO DISPENSE FLUID FROM A BANK OF |
CONTAINERS AND TO REFILL SAME

FIELD OF THE DISCLOSURE

[0001]  The present disclosure relates generally. to fluid delivery devices and, more

- particularly, to apparatus and methods to dispense finid from a bank of containers and

1o refill same.

BACKGROUND.
[0002] Filling flmd containers such as, for example, containers to sto;re oxygexi; .°
" natural gas, ‘propane, 9515011 dioxide, etc. cah Ee accomplished in several ways.' dne
known method ﬁyolves storing large quantities of a fluid m, for example; a Storégg
tanker and transporting smalicr, mobile fluid céntainers to the stora;ge tanker to fill the
containers. Another known method involves storing a large quahtity of fluidina
large mobile storage tanker (e.g., a storage tanker buil{ on a nailér) and drivinga the
. mobile storage tanker to customer lomﬁons to offer on:-site reﬁﬂiﬂg Services.
{0003] Users that frequently .ﬁll smaller, mobile contéiners often stére large
quantiﬁeg of fluid Iécally. For example, a fire department may store oxygen within
the fire depgrtxﬁeﬁ?: facility.to enable on-site refilling of mobile 6xy gen tanks forl
ﬁfeﬁglﬁers. ‘Similarly, natural gas dealers may st__or; natural gas to réﬁll smz;ﬂler,
cusiomer fluid containers. ‘A known method for on-sitereﬁlling invol\;es,storing fluid
in a single relatively large fluid storageo contamner and hansferﬁng fluid from the large -
storage contajne:r to a container to be filled (e.g., a 'relatively smaller, mobile .
containerj. However, in some cases, sufficient space man not be availabie to

accommodate the relatively large single fluid container that is needed to provide

adequate refilling services..
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{0004} T'o address space constraints, a plurality of smaller storage coﬁt@em may
be used in combination with a fluid dispensing cascade system. A casc'ade; system’ .is
typically irnplemented by connecting or fluidly coupling a plurality of fluid storage -
| containars o aregul atorpvia a plura]i.t} of sequence valves. Such cascade systenis
may be used to ref‘ill,.for .example; relatively small fluid contaizoxersrwith fluid from t};e
storage cc;ntajners. As the I;rressure in one of the storage containers becomes

éilfﬁ ciently depleted (e.g., during a refilling operatibn), a sequence valve enables
deli;\rery' of stored fluid from an‘other one of the storage conte;iners having a relatively
| higher prgssure. Known cascade éystem§ often ir;irélve complex implementations
requiﬁng Iarée amounts §f fluid line to fluidly couple seqﬁenqe valves m].d. oﬂwr |
components of the cascade system. As a result, assembling and disasser.nb]ing known - .
cascade systems for installation and malntenance purposes is time consuﬁuing and -
| expensive.

| SUMMARY

[0005] Bx@ple méﬂnodé and apparatus disclosed herein may be uéed to dispense
fluid from a bank of containers and to refill same An example fluid dispensing
s;}.rsteﬁ.) includes a manifold baving a flnid outlet port to disPensé fluid and a fluid
valve engaged to the m;anifold. First and second fluid storage containers are coupied
to the.r'nar.ﬁfold. The fluid valve is configured to control a first fluid flow path
" between the second fluid storage container and the fluid outlet port.

[0006] In accordance with another example, a .valve méy in:clude a bonnet and a
base coaxialiy ézoupled to the bonnet. The bonnet may include.a bonnet cavity
defining a bonnet inner surface, a bonnet outer suﬁage, and a first pressure sensing
passageway extending bet}veen the bonnet outer suﬁace and the bonnet cavity. 'I'I'Je‘ .

base may include a base outer surface and a-base cavity defining a base inner surface.
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The base may also include a fluid inlet passageway extending between the base outer .
surface and the base cavity, a fluid outlet passagéway extending between tixe base
outer.surféce and the base cavity, and a second pressure sensmg passagéway
extenaing between the base outer su;face. anid the base cavity. A valve element within
the base and bonn;at c.aviti‘es may be provided to ccmtr(;ll a fluid flow path through th;a
fhud inlef passageway and ﬁle fluid ‘oqﬂf;t passagewajr.
‘[(.)007] In accordance with yet another example, a manifold may include ;1 first |
cavity to receive ?1. first flnid vajve. The manifold may also include a first fluid inlc—ﬁ

| port to couple to a first fluid storage cont?,iner and a second ﬂmd inlet port to couple |
to a second ﬂmd storage: contamner. In addition, the manifold may ‘inc.:ludée an outlet
port that is configured to dispense fluid received via the first fluid injet port and the
second fluid inlet port. | |
| [0008j In accordance with. yet anqther example, a dual cileck Vf;lve device' |
includes a housing and a first check valve in the .housixig‘. The dual ‘che'ck valve may -
also include a sécond chec!g valve located in the ilousing adjacent the first check valve
and in substantial axial ali gnment with the first check val\;e.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 depicts a cross-sectional view of an example cascade system that -

may be useci to deliver fluid from a bank of fluid containers.

[0010] ° FIG. 2 depicts §xmﬁple flwd flow paths associated with the example

cascade system of FIG. 1.

[0011]  FIG. 3 depicts an example sequence valve that may be used to implemént

the example systems and methods described herein."

[0012] FIG. 4 depicts another example cascade system that may be used {o

dispense fluid from and recharge a bank of fluid storage containers.

3.
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f0013]  FIG. 5A depicts a front view, FIG. 5B depicts a top view, and FIG. 5C
depicts an end view of another example cascade system that may be used to diépense
fluid from and recharge a bank of fluid storage containers using a manifold-integrated

recharge circuit.

[0014] FIG. 6 is an isometric view of the example manifold and a plurality of -

valves vsed to implement the example cascade system of FIGS. 5A-5C.

[0015]  FIG. 7 is an isometric view of the example manifold used to implement the

example manifold of F1GS. 5A-5C and 6.

'[0016]  FIG. 8 is an isometric view of the example manifold of FIGS. 5A-5C; 6,

and 7 depicting a plurality of fluid passageways formed therein.

[0017]  FIG. 9is a top view of the example manifold of FIGS. 5A-5C and 6-8

having a plurality of dual check valve cartridges.

- [0018]  FIG. 10A depicts an end view.and FIGS. 10B-10E depict sectional views

of the example manifold of FIGS. 5A-5C and 6-9.

[0019]. - FIG. 11 is a detailed illustraticn of one of the dual check valve cartridges
of F1GS. 5B, 5C, 6, and 9.

DETAILED DESCRIPTION
- [0020] Example apparatus and methods disclosed herein may be used to dispense
fluid from a bank of fluid containers and to refill the bank of fluid containers.

Specifically, a bank of fluid containers may be connected to an example cascade

system to dispense fluid from the containers in, for example, filling station
applications. For example, the example cascade apparatus or systems described
below may be used to supply breathable oxygen, hjzdm ge:n, natural gas, carbon

dioxide, or any other fluid. In an example implementation, to fill a container (e.g., a

-4-
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bottle, a tank, a ﬂﬁi d-depleting container, etc.), the contaner 1s ﬂ'uidiy coupled or .
conhecteci to an exam;)le'casc.:ade system and a re'gu]'ator is turned on to enable ﬂiﬁ.d
delivefy from a ﬁ.rst flwid storage cpmainer (e.g., a fluid storage gontainei' héving the
lowegt pressure). As tbé pressure in the container being filled approgches the p.ressuxoe |
of the first storage container, the example cascade system automatically enables thud
flow from another storage container (e.g., a next in sequence container) having a
reia;ively higher pressure than the first stbragé coﬁtﬁiner to continue cielivering fluid
t.o the cc;ntainer being filled after the pressure n the container being ﬂl]e& exceeds the -
- pressure in the first stp.rage containef. In this indpner, the cascade system

| a.utomatically enables (e.g., opens) fluid delivery ﬂow’pat].:ls correspondjng to
subsequent relatively hi ghef-pressure storage cbntaiixers (e.g.,ina :;eqqential' manner)

to enable a substantially continuous fluid sﬁpply to the container being filled.

[0021]  Unlike known cascade systems imp]ementegl using fe] aﬁvely large .

~ amounts of fluid line to couple a plﬁrality of conventional sequenc*;e valves, the
example cascade systeﬁas déscribed herein are implemented using manifolds

confi @red to reéei\(e and fluidly couple seq;lence ﬁglves, thereby snbstanﬁally k
reéucin g Or eliﬁ:ﬁmﬁn g the; number of fluid lines needed to couple the sequence
vaives and other components of the cascade systems. Redﬁcing the amount of ﬂuid
line reduces ass.embly time auring installation and mainienance’,proceduiésl In
addition, reducing the required amouﬁt of fluid line needed reduces the number of
componentis that can weér, malfimction, or fail, which re?duces the overaﬁ .

maintenance time and costs associated with the example cascade systems.

[0022] - An example cascade system manifold described herein includes a plurality
of sequence valve openings (e.g., threaded openings, ports, reccp{acles, etc.), each of

which is configured to receive a sequence valve that is, in turn, fluidly coupled to a

-5-
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respective fluid storage container, A plurality of flmd flow passageways or paths are

formed in the manifold to couple inlet and outlet ports of the sequence 'val\.r.es to

enab]f: opération of the sequ‘en.ce valves and to deliver fluid from each storage
container as the sequence valves ahtoﬁlaﬁcally and sequentially control the flow paths
by disabling (e.g.,'clo.sing) and enébling (e.g., opening) the flow paths. Unlike knoﬁn |
sequence valves having sta_r;d-alone 'coni;i gurations and requiring flnid lines to couple
to other sequence valves, the e::.camplg sequence valves described below are
implemented usi:qg a cartridge—-iike body that plugs into, in‘;erﬁts with, ;}r oﬂaemﬁsé

operatively engages a sequence valve opening of the manifold.

[0023]  The example cascade systems described below also enable recharging -
(e.g., refilling, replenishing, etc.) the finid in the bank of storage contain;arg coupled
thereto. To enable épd control recharging of storage containers coupled to the
example cascade systems described below, a recharge circuit is mmplemented to -
enable (e.g., oj)ey) a recharge flow path from a recharge container 6r a recharge ﬁuid
supply to each sto;age ;:dntaiﬁer. In some example implementations, the stoﬁge
containers may be recharged without interfering. with or interrupting the fluid delivery
0peratéon of the seqﬁence yalvés. In this manner, the example cascade s.'ys;tem may be

used to deliver fluid from the bank of storage containers while simuliéneously

recharging the storage containers.

10024] ' To further reduce the amount of fluid line reqﬁired to implement the

example cascade systems described below, an example manifold may include a check
valve opening to directly receive a check valve (i.e., a unidirectional flow valve, i

one-way flow valve, a valve to limit fluid flow to one direction, etc.) without
requiring any intermediate coupling fluid line bétween the check valve and the

manifold. Unlike known check valves that require a fluid line to couple the check

G-
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valve to another device (e.g., a sequence valve, a regulator,.etc.), the example check |
valves des.cribed below have cartridge-like exterit;rs or cartrid gc-li}cé bodies thé.t plug
into, interfit with, .or otherwise op«;:rgt_i'vely engage the check valve 0penings.0f the
example manfold. A pl.urality of fluid passageways éxe formed in the examﬁle
mmﬁfolﬁ to ﬂuidlj} CDUpIﬁ": or connect the check valves to other components (e.g., -

- sequence valves and/or other check valves) or portions of the manifold to enable the

fluid delivery and recharge operations.

[0025] Anexample dual check valve cafh-idge described below includes;two N
) check valves in a smg]e housing. Each check valve may operate mdependently S0
that each dual check valve cartridge may provide two functions. In parncular one of

the check valves of the example dual check valve cartndge may be used to enable a

fluid recharge flow to a storage container while the other check valve enables fluid

 delivery flow from: the storage coz;taine'r.‘

[0026] Now turning in detail to. FIGS. 1 and 2, which illustrate cross-sectional

views of an exmnp]e cascade system 100 that may be used to deliver fluid (e.g.,

- oxygen, natural gas, ‘propane, hydro gen, etc) from abank of fluid storage coniainers

102a-c. The cascade system 100 includes a manifold 104 havinga p}urality of

seéuence stages 106a, 106b, and 106c. Ea;:h of the sequence stages 1064, Ib6b, and
106c includes d respective se::quence \{ajve 108a, 108b, and 108;: céup]eci ;L'o.the

| manifold 104. Each of the sequence valves 108a, 108D, and 108;: fs ﬂuidly'couplec.l to. -

a respective one of the fluid storage containers 102a, 102b, and 102c. A ;egu]atc';r 110

is coupled to a maunifold outlet port 112 to enable the filling of fluid contamers (e.g.,

ﬂuld-depletmg comamers refl Hable containers, botﬂes, pressure vessels, etc.) with the

fluid provided by ﬂze storage containers 102a-c.
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[0027] " Each of the storage éogtainers 102a-c i1s couplec} to the mé;njfol& 104 viaa
respective one of a plurality of check valves 11 4a, 11.4b,.an‘d 114c. The check ;.ralyes
1 léa-c énable'ﬂui d flow 1n only 0;16 direction (e.g., fluid flow toward the .ménifold
outlet port 112) and, thus, prevent fluid backflow intc}.th.e storage contm'neré 102a-c
from the manifél;i outlet port 112 or any other source. In the ilipstrated éxample, the
check valves 1}4a-c are céupled to the manifold 104 via respective check 'izal?'e‘ﬂtiid
]ineé*l 16a-c. However, in oﬁaer e;xmni;]e.implémentaﬁons (e.g., the e};aﬁli:le éascz;t’:le .
system 500 descnbed be]ow in connectmn with FIGS, SA—SC and 6-9), ma.mfolds -
(e g., the mamfold 504 of FI1GS. SA-SC and 6- 9) may be configured to recelve check‘
valve cartridges (e.g., the dual check valve cartridges 5129;-_(1 of FIGS. SB,‘ §C, 6 an;i
'9) directly coupled thereto té) reduce the amo_uni of required ﬂﬁid ]ine‘ and to éimpﬁﬁ |

élssembly;

[0028]  The example cascade system 100 enables the storagé containers 102a-c to
 provide Suﬂicient pressure to il cdntainers with the ﬂuid stored m ﬁe flmd
cbntajners i02a-c. For'.example tofill a containér 118, the sequence valves 108a-c
actwate delivery ﬁ'om each of the fluid contmners 10‘23-(: ina sequennal manner to
ensure that the ;;ressure output from the mamfold 104 1s suﬁicmnﬂy thh relative to
the pressure in the container 1 18 10 enable ﬁlhng of the container 118. _Dunng
. operation, after connecting the container 118 to the re.gujator 110, fluid is'delivered *
| ﬁoﬁ the first storage container 102a througil the first stage check valve 114a to the

manifold outlet port 112 via a first container fluid delive;y path 120 (FIG; Z).

[0029]  To detect the amount of pressure in the container 113, the container 1183s -
connected to or fluidly coupled to a pressure °sensiﬁg port 122. The pressure sensing
port 122 is coupled to a pressure éensi"ng passageway 124 formed in the manifold 104.

The pressure sensing passageway 124 connects to Pressure sensing passageways

8.
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126a-c of each sequence valve 108a-c to form a pressure sensing flow path 128 (FIG.
2). The fluid pressure in the container 118 is coupled via the pressure sensing flow

path 128 to enable each of the sequence valves 108a-c to sense the pressure in the

container 118 during the filling Process. .

10030]  When the pressure ain the container 118 rises to a particular Jevel relative to
the pressure in the first storage container 102a, the first sequence valve 108a
antomatcally ‘enables (e.8., opens) a second container fluid ;:ielivery path 130 (FIG. 2)
betweeﬁ the second storage container 102b and the manifold outlet port 112. The
second storage container 102b then begins deliveﬁné fluid to the container 118 via the
second container fluid delivery path 130. In particular, as shown in FIG. 2, the fluid
from the second storage container 102b flows through the second stage check valve
114b, a first stage inlet port 132a, the first sequence valve 108a, and out of a first
stage outlet port 134a to the manifold outlet port 112. The first container fluid
delivery flow .pa,th 120 is substantially disabled (e.g., cidsed) when the second fluid
delivery flow path 130 is enébled, and the first sequence valve 1082 and the first

check flow valve 114a prevent the fluid from the second storage container 102b from

flowing into the first storage container 102a.

[0031]  When the pressure in the container 118 increases to a particular level
relative to the pressure in the second storage container 102b, the second sequenceo
valve 108b automatically enables a third container fluid delivery path 136 (F1G. 2)

between the third storage container 102c and the manifold outlet port 112, The third
storage container 102c then begins delivering fluid via the third container fluid
deliverj path 136. As shown in FIG. 2, the third container fluid delivery path 136 .
extends through the third stage check valve 114c, a second sta éc in]eft port 132b, the

second sequehce valve 108b, a second stage ountlet port 134b, the first stage inlet port

0.



CA 02646853 2008-09-19
WO 2007/108876 PCT/US2007/004123

132a, the first sequence valve 1084, the first stage outlet port 134a, and out to the

manifold outlet port 112.

[0032] - In some example implementations, additional storage containers (e.g., a

fogrth storage container) (not shown) may be cbnnected to thé manifold 104.'. In this-

' manner, the container 118 can be filled with a flnid pressure relatively higher than the

fluid pressure of the third storage‘.contéiner 102c.

[0033] . 'When fluid delivery is shut off via the regulator 110 and the container 118
1s disconnected from the exazﬂple cascade system 100, the sequence yalvesﬂ 108a-c |
- disable the second and third container fluid delivery flow patlis 136 and 130, thereby

enabling the first container fluid delivery flow path 120 for any subsequent container

to be filled that may be connected to the ex ample cascade system 100.

[0034]  Although ’the above—described process mvolves sequentially activatﬁ;g
| flnid Qeﬁvery from. three or four stqrage. containers, if the desired pressure in the |
container 118 does not exceed a level for.which thé first storage container 102a
caanncit continue deﬁveﬁng fluid, then the container 118 may be filled without

activating fluid delivery paths associated with the second or third siorage contaners

102b and 102c.

[ﬁ0351 Fi G. 3 depicts an example seéuénce val\;'e 300 that may be ﬁse.d. to

. implement the ?Xample sequence valvéé 108a-c described abové in connection with
the example cascade system 100 and example sequence v‘;:ﬂves described below in
connection with other example cascade systems. The operation of the exa;nple |
sequence valve‘30.0 is substant:ially similar or idenfica] t6 the operations nf‘the
sec‘luence valvés 108a-c described abq\}e in connection with FIGS. 1 and 2. In the

illustratéd exarnple, the sequence valve 300 is depicted as being coupled to a first

-10-
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fluid storage container 302a and a second fluid storage container 302b to enable

filling a container 304 with fluid stored in the first and/or second storage containers

302a-b;

[0036] The exampie s;équeﬁce vajve 300 includes a base 306 having a béée outer
surface 308 and a base cavity 310 defining a base inner surface 312. To enable fluid

| ﬂow between thé second storage container 302b anci the container 3@4; the b::isé 306
inclddés‘é valve inlet inassageway'314 (e."g., j.hé: inle:.t ports 132a-b ..cﬂ.?.F IG 2) énd a .
valve outlet passageway 316 ée. g., the stape outlet ports; 134a-b of FIG. 2).  The ya;lv;a |
inlet passageway 314 extends between the base outer surface 308 and the base i.n'ner
surface 312 and pioviées a ﬂow path (e.g., the second ;:ontainer fluid delivery pa.th
130 of F1G. 2) to enable fluid - to flow from the second storage container 302b to 1the
base cavity 3 10 The valve ouﬂet passageway 316 extends from the base cavity 310

to the base outer surface 308 and provides a flow path (e.g., the second container fluad

| dehvery path 130) for the fluid from the second contmner 302b to ﬂow from the base

" cavity 3 10 to the flllmg container 304.

- [0037)} To epable the sequence valve 300 to sense a fluid pressure in the container
304, the .base 306 includes a filling pressure sensing passageway 318 (e.g., the

préssure éensing passageways. 126a-c of FIG. 1) extending between the basé outer
surface 308 and the base inner surfac§-312. The filling pressuré sensing. ﬁaésageway
318 provides a path (e.g., the pressure sensihg' ﬂow path 128-of FIG. 2) to. épaﬁle ﬂmd |

pressure to be coui:led from the container 304 to the base cavity 310.

[0‘038] The example sequence valve 300 also includes a bonnet 320 having a

bonnet outer surface 322 and a bonnet cavity. 324 defining a bonnet inner surface 326. |
To enable the example sequence valve 300 to sense a pressure in the first storage

container 302a, the bonnet 320 includes a storage pressure sensing pa,ssageway. 328

-11-
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extending between the bonnet outer and inner surfaces 322 and 326. The storapge
pressure sensing passageway 328 enables the example sequence valve 300 to be
connected to or coupleﬂ to the first storage container 302a and provides a fluid path

~ from the first storage container 302z to a storage pressure chamber 329 of the bonnet |

cavity 324.

[0039] ~ The base 306 ié‘. coupled -to the bonnet 320 ;(0 form a pressure-tight seal and
encapsulate a i)lurality of valve components. Speciﬁcally; the base 306 and the
bonnet 320 encapsﬁlaté a piston 330 that is coﬁpled to a spring retainer 332 and

| slideabl;v and sga]inéfy engaged with the bonnelt cévity 324. The piston 330 has a
 storage pressure sensing surface 334 and a filling pressure sensing surface 336
opposing the storage pressure sensing surfice 334. The pressure in the ﬁrgt storage
container 302a app.lies a force to the storage preésme sensing surfa;é 334 and the

pressure in the container 304 applies a force to the filling pressure sensing surface

336.

[QMD] | To sense the pressure in the container 304, the ex@ple sequence valve
300 mcludes a valve stem 338 having a valve stem péssageway 340 formefi
therethrough. The fluid pressﬁre in the container 304 is coupled into the ﬁlliﬁg |
pressure sensing passageway 318, ﬂnough the stem passageway 340, and through
val{re stem side ports 342 to fill a pressure chamber 343 of the bonnet cz;lyity 324. 'I"he
ﬂmd pressure is ;':ﬂso coupled through spring retainer side ports 344 to fill a spﬁng
retainer chamber 346 cau.sing the pressure in the cont;ainer 304 to apply a force 1o the
filling pressure 'sensing surface 336 that .opposes the force (e.g., the pressure of the -
first stofaga container 302a) applied against the storage pressure sensing surface 334,
The example sequence valve 300 enables (e.g., opens) and disables (c.g., closes)a

tlow path (e.g., the sécond container fluid flow path 128.of FIG. 2) from the second
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storage container 302b to the container 304 based on the difference between the

0ppdsing forces that are applied to the pressure sensing surfaces 334 and 336. -

[0041] To 'disab]e and enable the fluid pathwa).r from the second storage container
302b, the valve steﬁ 338 is prc;vided ﬁth a plug portion 348. -The valve stem 338 is -
| shov;fn 1n a closed position, in whfch the ﬁlug portion 348 is in abutment with orin -
eng;tgement with a valve seat 350 .creating a seal therebetween to disaﬁle or clos;e the
flud paﬂ_n:way from the second storage' container 302b. The valve sez;t 350 may be |
made of plastic to eﬁsu:;é ;1 préssuré-ti ght seal between the \;alve seat 350 and.the plug
.portion 348. To enable or open the fluid pathway from the second storage cont::.ﬁner
302b, the va]ve’ stem 338. is ;noved toward the bonnet 320 to an open position in
which.the plug 348 is disengaged from the valve seaf 350 to allow fluid to ﬂdw
between the vah{e sea;t 350 and the plug 348. The ﬂﬁid then flows through side ports

352 of a valve stem sleeve 354 and toward the valve outlet passageway 316.

[0042]  The movement of the vzilve stem 338 and, thus, the plug 348 is controlled
by the piston 330. That is, if the piston 330 movles toward the storage pressure
sensing passageway 328, the valve stem 338 and plug 348 also move toward the .
storage ﬁressure sensing passageway 328 to an open position to enable the flow path
from the second storage container 302b. If the piston 330 moves away ﬁorﬁ the
.storage pressure sensing passageway 328, the valve stem 338 also move; :e‘a.v.vaj./ from :
the storage pressure sensiﬁg' passageway 328 to a closed position bﬁnging the p.]ug.
348 into engagement with the valve seat 350 and di.sab]ing the flow path ];Il'om the ° :'

second storage container 302b..

[0043]  The pis"gon 330 moves based on or in response to the difference between
lhe opposing forces on the stcirage pressure sensing surface 334 and the filling

pressure sensing surface 336. To provide a pressure bias to the piston.330 to cause
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the pisfon 330 to move to an open position when the pressure in the container 304 is

less than the pressure in the first storage containex; 302a, the examgle.seqt;ence 'vzilve.
300 i1s }:)rovide'd w;'ith a pegative bias spring 356 captured between the Springbretainer

332 and a spring seat 358. If the pressure bias of the épring 356 is 250 pounds per

. sguare inch CPSIj, the pis’.ton 330 begins to move to an open valve position (e.g., slide
toward the storage pressufe sensing passageway 328) when the container 304 réaches -

a préssuré that is 250 psi less than the pre‘ssm'e in the first stﬁrage container 302a. In .

other words, when the sum of the pressure provided by ﬂle negative bias Spﬁpg 356

- and the pressure of the container 304 exceeds the pressure of the ﬁrs;i storage

container 3024, the piéion 330 moves toward the storage pressure sensing passag;avyay |

328 to an open positian t.o e;lable or open the ﬂ;:)w path between the second storage

container 302b and the container 304. The ‘p:ressure blas of the s;ﬁring 356 may-be
selected to be ax;y suitable pressure bias such as, for example, 504 psi, 100 psi, 250 psi,

' 400 psi, ete. | | |

[0044] To facilitate. the engagement of the example sequence valve 300 to a
manifold (e.g., the manifold 104 of FIGS. 1 and 2) and to simplify valve maintenance
of example casc.ade systems (e.é., the example cascade system 100 qf FIGS.1and2),
the base 306 forms a cariridge-like body. The cartridge-lﬂc;e body of the example
sequenée valve 300 can be easily plugged into a manifold without haviné"té

disconnect and/or connect a plurality of thud lines to the valve paséageways (or pdrts)' -

314, 316, and 318.

[0045] . To prevent mixing of the fluids flowing through the étorage pressure
sensing passageway 328, the filling pressure sensing passageway 318, and the
sequence valve inlet passageway 3 14, the example sequence valve 300 is providéa

with a plurality of o-nn gé and static seals. For instance, 1o prevent the fluid flowing
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through the storage pressure sensing port 328 from leaking into the storage pressure
chamber 329 of the bonnet cavity 324, the piston 330 is prqvide;d with an o-ring 3.6.0.
To prevent fluid from ﬂie seco.nd storage container 302b from leaking into the bonnet
cavity 324, the valve stem 338 is provided with an upper o-rning 362, the stem sleeve
354 is provided with a static seal 364, and thé spring seat 358. 1s provided with a’stat%c
seal 366. To prevent the ﬂmd flowing f%om the ﬁlling Pressure Sensing passageway

318 from leaking into other portions of the base cavity 310, the valve stem 338 is

provided with a lower o-ring 368.

10046) FIG. 4 depj cts another example cascade system 400 that may be used to
dispense fluid from and recharge a bank of fluid storage containers 402a-d. The -
example cascade system 400 operates in a substantially similar or identical manner as |
‘the example cascade system 100 described above in connection wﬁh FIGS.1and2 .
and may be implemented using a phirality of éequence valves that are substantially
similar or identical to the example sequence valve 300:0‘f FIG. 3. I—Iowé.ver, in
addition to delivening ﬂﬁid from the storage containers 402a-d to a container 404, the
example cascade system 400 also enables rechﬁging or refilling the flwd in the
storaée containers 402a-d. The recharging capability substanﬁailj' reduces; the need to |
disengage or disconnect the storage containers 402a-d from the example é:ascade
system 400 when the storage containers 402a-d are, for example, depleted and require
replenishing or refilling. For instance, although the storage containers 402a-d may be
disconnected for maintenance purposes, the containers 402a-d need not be removed
for purposes of replenishiné their fluid supply when they are empiy. Instead, the .
storage containers 402a-d may be récharged using fluid delivered from a ﬂﬁid supply

(not shown) such as, for example, a storage tanker (e.g., a mobile trailer tanker, an

outdoor stationary tanker, etc.), a compressor, etc..
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[06047]) The exarnple cascade system 400 includes a ;echarge circuit 406 having, a
recharge ﬂuid line 408 that is communicatively c&)up]ed to‘ each of the storage. -
cdntaiﬁers 402a-d via respective rechgrge check valves.dcl Oa-d. A fluid supply is.
connected to the recharge circuit 406 via a recharge inlet 412, Fluid supplied t(; the .. | |
recharge mlet 41‘2 recharges the storage contaimers 402&-(1 in & sequenhal manner

- starting with the container having the lowest pressure. Specifically, the Iechafgé flwmd
follows a ﬂo:w path connected 1o .t‘he one of the stdrage contalners °46?;a-d having the
least pre:ssure and begins filling that container first. After the pressure of the first .

" .. storape container increéses o a prcséure level inatching that of a stofage co;ltaiﬁer.

| h?wing the next lowest pressure, the recharge ﬁlﬁd Eegins ‘ﬂ owing 1o both ~of the |
storage containers simulianéo.uslf. As the pressure levels. in all of the storage
containers 402a-d equalize, the recharge flnid fills all of the storage cox;tai'ne;:s 402a-d
simultaneously until all of the storage containers 402a-d are filled to a desired lgvel_

- andfor pressure. During operation, as the pressure }eveis in the. étorage containers
402a-d deg;lete at different rates, the recharge check valves 410a-d preve;nt fluid from |

higher-pressure storage containers from flowing into lower-pressure storage

" containers.

[0648] FIG. 5A depicts a front view, FIG. 5B de.pict.';‘, a top view,: and FIG. 5C
depicts an end view of another examplg cascade system 500 that may be used to

| disﬁense fluid from and recharge a ba;ak of fluid storage containers 502a-d using a
manifold-integrated recharge circuit. The examplé. cascade system 500 includesa . -
manifold 504 v»rhiqh, as shown .in FIGS. 8, '9, and 10C, has a fluid recharge circuit 505
formed tbereip to reduce the amount of fluid line requiroe‘d to implement the recharpe

circuit. The example cascade system 500 operates.in a substantially similar or - -
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identical manner as the examplé cascade system 400 described above-in connection
with FIG. 4.

[0049]  To receive a plurality of sequence valves 506a-c (FIGS. SA-5C and 6), the
manifold 504 includes a plurality of Opénings 508a-c (i.e., valve cavities) as .s.hown n
- FIGS.7-9. Each of the sequence ;sralvés 506a-c is substantially slirnilm; or identical to

~ the e%xample seql‘lence valve' 300 of ¥1G. 3. The seciuence valves S5 O;Sé;c' have |
carnidge;like bodies or housings confipured to plug into, mesh wii.th,. or otherwise |

engage the openings 508a-c.

- [0050] The manifold 504 includes a plurality of check valve openings 510a-d (i.e.,
check valve cavi;ci:es) (FIGS. 5A, 7-9, and 10C) that receive check valve éarin’dges’
'512a-d (FIG'S. 3B, 5C, 6 and 9), each of which izicli?des tw6 check valves. In
particular, as shown in FIG. 9, each of the check valve cartrid ge:.s 512a-d includes a
respective fluid delivery check valve Sléa-ﬁ and a réspecﬁVe recharge check vélvé
516a-d. The fluid deliyery check valves 514a-d operate in substantially the same
manner as the check valves }14a-c of F1GS. 1 and 2. The recharge check valves -
516a-d function in substantially the same Iﬁarmer as the rech.arge check valves 410a-d
of FIG. 4 Receiving or mounting the check valve cartridges 512a-d directljr in the

~ mémfold 504 reduces significantly the amount of fluid line required to ﬁnpiement the

example cascade system 500. The chfaék valve cartridges 512a-d are deséﬁbed in

greater detail below in connection with FIG. 11.

[00511 - Each of the storage containers 502a-d 13 coupled to a respectivé storage. |
cbntai’ner hﬂeﬂbut]et port 520a-d (FIGS. 5C, 7, a;nd 8) formed in the manifold 504.
The storﬁge contéiner inlet/outlet ports 520a-d (i.e:., the storage container ports 520a- |
d) function as inlet ports when deliveﬁng fluid froén the'gtorage containers SO.?.a-»EI toa

container 518. However, during a recharge process the storage container ports 5204-d
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function as outlet poris as described below to deliver recharge fluid to the storage

containers 502a-d.

[0052] To sense the préssure in thg storage containers S02a-c, storage pressure
inlet ports .Sl 7a-c (FIGS. 5A-5C and 6) of the sequence valves 506a-c are coupled via
respective fluid lines ‘519a—c (FIGS. SA-5C) t'o respective manifold outlet ports 521a-c
(FIGS. 5A-5C, 6, 7 and 9). Fluid from the storage cor;tainers 502a-c flows into the
manifold 504 ;\ria the storage cqntainer inlet ports 520a-c and out of the manifold 504
via the manifold outlet ports 521a-c. The fluid then flows through the fluid lines .

~ 519a-c and ir;to the storage pressure inlet ports 51;7a-c of the sequence vaiires S{6a-c
to fill 'storage pressure sensing chambers (e.g., the storage pressure sensing chamber
329 of FIG. 3) of the sequence valves 506a-c. In this manner, each of the sequence

valves 506a-c can sense the pressure of a respective one of the storage containers

502a-c.

[0053] To deliver fluid from the manifold 504 10 the container 518, a fluid
delivery line 522 (FiG. 5A) is conpled to an outlet port 5;24 (FiGS. 5A,7,8,10A, and
1 0B) qf the manifold 504. As shown in FIGS. 54, 8, and 10B, an outlet passageway
526 extends between the first valve opening 508a and the outlet port 524. The outlet

passageway 526 enables flow paths (e.g., the container fluid flow paths 120, 130, and

136 of FIG. 2) to deliver fluid from the storage containers 502a-d to the container |

518.

[0054] T{; enable fluid delivery from the first storage cont:;iiner 5024, the first
storage container port 520a (FIGS. 5C, 7, and 8) i.s fiuidly coupled to the first dual |
check valve cartridpe 5'1 24 as shown in FIG. 8. In this manner, fluid from the first -
storage container 502a can flow through the ﬂuid delivery chet::k valve 514a, the

outlet passageway 52‘6, and the outlet port 524. To enable fluid ‘delivery from the
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second storage container 502b, the second storage container port 520b (FIGS, 5C, 7,
and 8) is fluidly coupled to ﬂlt"-: second duél check.va]ve cartridge 512b as shown in
FIG. 8. In this ménner, fluid from tbe'secoﬁd storage container 502b can flow
through the fluid delivery check valve 514!:;, a fluid péssageway 528 extending |
between the check valve opening 510b and the first sequence valve opening 508a, the
sequence valve 506a, the lfyassageway 526, and the outlet port 524. In the illustrated
exalﬁp]e, thud from the third. and .fourth s;toragé cdntainers 502c¢-d 'is"dﬁeli\;ere:d ina
similar rx;armer thro'ugh respective fluid delivery check ﬁalves 514c-d, passageways,

- and the sequence valves 506a-c.

[0055] To sense the pressure in the container 518, a filling conta}inef pressurf; line
330 (FI1G. 5A) 1s coupled to afilling pressure inlet port 532 (FIGS. 5A, 6-8, 10A. and
10E). Asshownin FIGS. 54, 8, and 10E, éﬁlling pr.essure pas‘s.';lgeway 334 extaﬁds |
between each of the sequence valve openings S08a-c agd tﬁe ﬁ]lm g .pre.ss‘ure inlet port
232 to enable each of the sequence valves 506a-c (FIGS. SA-5C and 6) to sense the |

pressure in the container 518 (FIG. 5A).

| [0056] To rgélenish the fluid in the storage cor.;taineis 502a-b, a rechﬁgc line 536
(FIG. SA) is coupled to a recharge inlet port 538 (FIGS. 7-9, 10A, and 10C) of the
manifold 504. As shown in FIGS. 8§, 9, and 10C, a recharge passageway 54b extends

" between each ¢f the check valve openings 51 Da-d and Th.e rechafge mlet ‘p'ol"t 538.

' During a recharge process, recharge fluid flows through the recharge mlet port 538
and through one of the recharge check valves 51 Ga-d (F1G. 9) correspondmg to the '
storage contamer having the lowest pressure For example, if the first storage
container 502a has the lowest p;ressure and the second storage container 502b has the

second jowest pressure, the.;recharge.ﬂuid first flows through the first recharge check

valve 516a (FlG:. 9 and ihrough the first storage container port 520a (F1GS. 5C, 7,
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and 8) to fill the first storage container 502a. When the first storage container 502a |
reaches a ;;ressure that is substantially equal to lllz;t of the second storage container -
S502b, tﬁe rechargé fluid flows simultaneously‘ through the first and second recharge
check valves 516a and '516b and the first and second storage container ports 520a and
520b to simultaneously fill the first and second storage containers 502b. The recharge

| process conﬁnueé in a similar fashion to replenish the fluid in all of the storage

containers 502a-d.

{0057} The c.heck va.'lve cartndges 512a-d enable simul taneously filling of the |
| _container 518 and recharging of the storage containers 502a-b. For instance, whlle
recharge fluid flows through the ﬁrst recharge check valve 516a (F1G. 9) to fill the.

storage container 502a, fluid may simmltaneously flow through the first flnid delivery

check valve 51 4a to fill the .container 518.

[0058]  The manifold 504 is confi guréd io enable flmidly connecting the flnid

| deh've:;y line 522 (FIG. 5A), the filling container pressure line 530 (FIG.-5A), and the
recharge line 536 (FIG. 5A) at either end of the manifold 504. For exarmple, in an
alternative exmné]e implementatﬁ on, the ﬂl..lid delivery line 52@, the filling container
pressure line 230, and the recharge line 536 may be fluidly coupled to ports 542, 544,
an& 246 (F1G. 7), respectively, and the ﬂu]d lines 519¢ (FIG. 5B) may be ﬂlﬁdly
coupled to the manifold outlet port 521d, the fluid line 519b (FIG SB) may 'be ﬂuidly.
coupled to the manifold outlet port 521¢, and the fluid line 519a (FIG., 5B) fnay be

- iluidly coupled to the manifold outlet port 521b. In this manner, the manifold 564 -
may be used to deliver fluid via the end having the ports 542, 544 and .546 (FIG. 7).
In any implemenféﬁon, any boﬂé not fluidly coupléd to-something (e.g., not fluidly
coupled to fiuid liné, a valvé, etc.) should be terminated or plug gea to‘prevent fluid

from ]éa]dng out of the manifold 504 during operation.
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[0D59] Although not shown, pressure sensor device outlets or openings may also
be formed 1n the manifold 504 to enable monitoring of the pressure in each of the |
storage containers 502a-d using pauges, ana.log sensors, and/or digital sensors. The
.pressu.re sensor device outlets may be configured to connect 0 pressure sensor

devices or gauges via fluid lines or to receive directly the pressure sensor devices or

gauges without any intermediate fluid lines.

[6060] FIG. Ilisa detai]ed illustration of an example dual check valve cartridge
600 that may be used to implement the example dual check valve cartridges Slia-d of
 FIGS. 5B, 5C, 6, and 9. The exampie check valvé cartndge 600 includes a first check
valve 602 anci a second check valve 604 that may operate indépendently. For
instance, the first check valve 602 may be used to implement the fluid deliyery check
valves 514a-d of FiG. 2 10 enable fluid to flow from.th;e storagé con@ners 502a-d to .
the container 518. - The second check valve 664, on the other hand, may be used to
implement the recharge check valves 516a-d of FIG. 9 ‘and enables Iechérge flmd to

flow from the recharge passageway 540.to the storage containers 502a-d during a

recharge process.

{0061] Inthe illustrated exémple, the example dual check valve cartridge 600
includes a housing 606 having a first check valve housing portion‘608 that includes
thg—‘: first check valve 602, a second check valve housing poﬁion 610 that .i.ncludes the
second check valve 604, and a fastening housing portion 612 having a threaded
surface 614 that enables féstenjn g of the example dual check valve carinidge 600 to a

cavity or opening such as, for example, the check valve openings 510a-d of FIGS. 5A, -
7, 8, and 10C.

[0062] The check valves 602 and 604 are arrzm ged in an end-10-end configuration

and are in axial ali gmhent with one ano‘ther along the length of the check valve
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cartnidge 600 In particular, t]:e ﬁrst check valve housing pomon 608 includes an
external threaded end portion 616 that threadedly en Bages an internal threaded end
portion 618 of the. second check valjwe housing portion 610 to bring the check valves
602 and 604 1nto substantial axial alignment with one another. The second check

. vaive housing portion 610 has an external threaded end portion 620 that threadedly .

engages an internal threaded end porbion 622 of the fastening housing portion 612.

[0063] ~ Although certain apparatus, methods, and articles of manufacture have
been described herein, the scope of coverage of this patent is not limited thereto. To |
~ the contrary, this patent covers all apparatus, methods, and articles of manufacture

fairly falling within the scope of the appended claims either literally or under the

doctrine of equivalents.
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WE CLAIM:
1. A fluid dispensing system comprising:

a manifold having a fluid outlet port to dispense fluid to a container to be
filled;

a fluid valve engaged to the manifold;
a first fluid storage container coupled to the manifold; and

a second fluid storage container coupled to the manifold, wherein the

fluid valve is configured to control a first fluid flow path between the

second

fluid storage container and the fluid outiet port, and wherein the fluid
valve is configured to open the first fluid flow path when a sum of a first
pressure of the container to be filled and a bias pressure exceeds a

second pressure in the first fiuid storage container.

2. The system as defined in claim 1, wherein the first fluid storage container is
configured to deliver fluid to the fluid outlet port via a second fluid flow

path when the first fluid flow path is closed.

3. The system as defined in claim 1, wherein the fluid valve includes a fluid
pressure sensing port coupled to the first fluid storage container to enable

the fluid valve to sense a pressure associated with the first fluid storage

container.

4. The system as defined in claim 1, wherein the fluid valve is configured to
control the first fluid flow path based on a pressure associated with the

first fluid storage container.
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5. The system as defined in claim 1, wherein the first fluid storage container Is

coupled to the manifold via a one-way valve.

6. The system as defined in claim 5, wherein the one-way valve is configured to
prevent fluid from the second fluid storage container from flowing into the

first fluid storage container.

7. The system as defined in claim 6, wherein the first pressure is associated
with a fluid-depleting container coupled to the manifold to receive fluid
from at least one of the first fluid storage container or the second fluid

storage container.

8. The system as defined in claim 1, further comprising a fluid recharge flow
path coupled to the first fluid storage container via a first one-way valve
and coupled to the second fluid storage container via a second one-way

valve.

9. The system as defined in claim 8, wherein the fluid recharge flow path
enables replenishing the fluid in the first and second fluid storage

containers while the manifold delivers fluid to a fluid-depleting container.

10.The system as defined in claim 8, wherein the fluid recharge flow path

enables first delivering the fluid to one of the first and second fluid

storage containers having the lowest pressure and subsequently
simultaneously delivering the fluid to the first and second fluid storage

containers when the pressures of the first and second fluid storage

containers are substantially equal.

11.The system as defined in claim 8, wherein the first one-way valve and a third
one-way valve are formed within a single cartridge-like housing, wherein

the manifold is configured to receive the cartridge-like housing, and
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wherein the third one-way valve is configured to prevent fluid from the

second fluid storage container to flow into the first fluid storage container.
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