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A dual check valve device has a housing, a first check valve In the housing and a second check valve located in the housing
adjacent the first check valve. The dual check valve Is suitable for use in a cascade system includes a manifold having a fluid outlet
port to dispense fluid and a fluid valve engaged to the manifold. First and second fluid storage containers are coupled to the
manifold. The fluid valve is configured to control a first fluid flow path between the second fluid storage container and the fluid outlet

port.
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Abstract

A dual check valve device has a housing, a first check valve in the housing and a second check valve
located in the housing adjacent the first check valve. The dual check valve is suitable for use in a cascade
system includes a manifold having a fluid outlet port to dispense fluid and a fluid valve engaged to the
manifold. First and second fluid storage containers are coupled to the manifold. The fluid valve 1s
configured to control a first fluid flow path between the second fluid storage container and the fluid outlet

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

This application is a divisional of Canadian Patent Application No. 2,646,853
filed February 13, 2007

FIELD OF THE DISCLOSURE

10001] The present disclosure relates generally. to.ﬂuid delivery devices and, more
- particularly, to apparatus .a:nd methods to dispense fluid from a bank of containers and
o refill sam‘e.
'BACKGROUND.
[0002] Filling flmd containers such as, for example, containers to store oxyge!i; |
natural gas, ‘pmpane, (_:éu'ﬁon dioxide, ete. caﬁ 5& a‘ccomplished in several ways.. dne
known method ir;yolves storing larpe quantities of a ﬂﬁid m, for examp'le,'. a stora;gg
tanker and transporting smalier, mobile flud cc;-ntainers to the storaée tanker to fill the
containers. Another known method involves storing a Jarpe quantity of fluid in a

large mobile storage tanker {(e.g., a storage tanker built on a 'tmilér) and driving the

. mobile storage tanker to customer locations to offer on-site refilling services.

f0003]  Users that ﬁequent]y‘fﬂ] smaller, mobile c0pémers often stc:;re large

quantiﬁ e; of fluid lécaﬂy. For example, afire department may store oxygen within

the fire depgrhﬁeﬁ?: facilit_y'to enable on-site refilling of mobile 6xygen tanks for.
ﬁfeﬁghters. _Simi]arly, natural gas dealers may store natura] gas to réﬁl] sméller,
customer fluid containers. ‘A known method for on-site'reﬁlling invol*;;es,storin g fluid

in a single relatively large fluid storage container and transferring fluid from the large -

storage container to a container to be filled (e.g., a'relatively smaller, mobile .

container). However, In some cases, sufficient space may not be available to

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

adequate refilling services..
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{0004} To address space constraints, a plurality of smaller starage containers may
be used in combination with a fluid dispensing cascade system. A cascade system is

typically implemented by connecting or fluidly coupling a phurality of fluid storage |

" containers 1o a regulator via a plurality of sequence va]ves.. Such cascade systenis
may be used to IEf.iH,.fOI' .examp]e; relatively small fluid contair:lers. with fluid from ﬁe
storage containers. As the pressure in one of the storage containers becomes
;ﬁlfﬁcienﬂy depleted (e.g., during a refilling operatibn), a sequence valve enables

delivery of stored fluid from another one of the storage containers having a relatively

higher pressure. Known cascade systems often involve complex implementations

requjﬁng large amounts of fluid Iine to fhudly couple sequence valves an_d. ther
components of the cascade system. As a result, assembling and disassembling known- -
cascade systems for installation gnd maintenance purposes is time consuﬁzing and -
| expensive.

SUMMARY
[6005] 'Ex@ple méthod§ and apparatus disclosed herein may be uéed to dispense
fluid from a bank of containers and to refill same An example thnd dispensing
S);rsle'ni includes a manifold baving a {lid outlet port to diSpeDSE; fluid and a fluid
valve engaged to the manifold. First and second flud storage containers are coupl.ed
to thc.r'na;ﬁfold. The fluid valve is configured to control a first fluid flow path

bé_tween the second fhuid storage container and the fluid outlet port.

[0006] In accordance with another example, a valve may include a bonnet and a

base coaxially coupled to the bonnet. The bonnet may include a bonnet cavity
defining a bonnet 1noer surface, a bonnet outer surface, and a first pressure sensing
passageway extending between the bonnet outer,suﬁ'face and the bonnet cavity. The

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 the base

outer surface and the base cavity, and a second pressure sensing passageway

extending between the base outer surface and the base cavity. A valve element within

the base and bonnet c-aviti.es may be provideci to control a ﬂuid flow path ﬂuough tb;z
fhuid inlef passageway and ﬁc fluid 'oqﬂ:ﬁ:t passagewajr.
’[(.)007] In accordance with yet another example, a manifold may include ;ﬁrst
cavity to ijeceive ;1- first fhuad vélve. The manifold may also include a first fluid in]ét

‘ port to couple to a first fluid storage cont.ainer and a second ﬂmd inlet port to couple
to a second ﬂmd storage container. In addition, the manifold may include an outlet |
port that 1s configured to dispense fluid received via the first flnd injet port and the
second fluid inlet port. . |
| [0008j In accordance with. yet another example, a dual cimeck vz;lve device' |
includes a housing and a first check valve in the .housiﬁg. The dual .che'ck valve may
also 1include a second dheclg valve located 1n the housing adjacent the first check valve
and in substantial axial alignment with the first check valve.

BRIEF DESCRIPTION OF THE DRAWINGS

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

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

[0010] ~ FIG. 2 depicts example fluid flow paths associated with the example

cascade system of FIG. 1.

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

the example systems and methods described herein.”

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

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

3.
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{0013} FIG. 5A depicts a front view, FIG. SB depicts a top view, and FIG. 5C
depicts an end view of another example cascade system that may be used to disiaense
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 used to implement the example cascade system of FIGS. 5A-5C.

[0015]  FIG. 7 is an 1sometnic view of the example manifold used to implement the

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

| [0016] FI1G. 8 is an 1sometric view of the exazhple manifold of ¥IGs. 5A-3C, 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] F1G. 11 is a detailed illustration of one of the dual check valve cartridges

of FIGS. 5B, 5C, 6, and 9.

DETAILED DESCRIPTION

- [0020} | Example apparatus and methods disclosed berein may be used ‘tc; dispensé
fluid from a bank of fuid containers and to refill the bank of fluid contaipers,
Specifically, a bénk of fluid containers may be conﬁected t’o an example cascade
system to dispense fluid from the containers in, for example, filking station

applications. For example, the example cascade apparatus or systems described

below may be used to supply breathable oxygen, Hydro gén, natural gas, carbon

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

4.
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botile, a tank, a ﬂizi d-depleting container, etc.), the container is ﬂ'uidjy coupled or .
connected to an exa:nple_casc;ade system and a re.gu].ator is turned on to enable ﬂni.d-
deliverf froma ﬁ‘rst fluid storage cpgtainer (e.g., a fluid storage _containei‘ héwing the
lowest pressure). As thé pressure in the container being filled approaches the p-ressur.e,
of the first storage container, the example cascade system automatically enables fluid
ﬂdw from another storage container (e.g., a next in sequence container) having a
rela{ively higher pressure than the first stbrage. cor'}téiner to continue cie]ivering fluid
t;a the céntainer being filled afier the pressure in the container being filled exceeds the - |
- pressure in the first st'()-rage containei‘. In this fnai;ner, the cascdde system
a;ltomaticany enables (e.g., opens) fluid delivery ﬂow.patins conesmnding to
subsequent relatively }ﬁghef—pressme storage cbgtaiixers (e.g..ina :;equ.ential' JT12NDEr)

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

[0021]  Unlike known cascade systems implemented using relatively large .

~ amounts of fluid line to couple a pimality of conventional sequence valves, the
example cascade systems described herein are implemented using manifolds

configured to reéeiye and fluidly couple sequence 'valves, thereby substanﬁa]]y

reducing or elm@adn g the number of fluid lines needed to couple the sequence
valves and other components of the cascade systems. Redﬁcing the amount of ﬂuid
line reduces ass_embly time auring installation and main;(enance’procedﬁrés; In
addition, reducing the required amouﬁt of fluid line needed reduces the number of”
components that can wear, malfunction, or fail, which rgduces the overaﬁ ..

maintenance time and costs associated with the exarnple cascade systems.

[0022] © An example cascade system manifold described herein includes a plurality

of sequence valve openings (e.g., threaded openings, ports, receptacles, etc.), each of

which is configured to receive a sequence valve that 1s, in turmn, fluidly coupled to a

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

formed in the manifold to couple inlet and outlet ports of the sequence valves to

enable operation of the sequence valves and to deliver fluid from each storage

container as the sequence valves abtomatically and sequentially control the flow paths

by disabling (e.g., cldsing) and enébling (e.p.. opemng) the flow paths. Unlike known
sequence valves having stand-alone configurations and requining fluid lines to couple

to other sequence valves, the example sequence valves described below are

implemented using a cartridge-like body that plugs into, interfits with, or otherwise

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 fluid in the bank of storage containers coupled
thereto. To enable and control recharging of storage containers coupled to the

example cascade systems described below, a recharge circuit is implemented to -

enable (e.g., oj)en) a recharge flow path from a recharge container or a recharge fluid

supply to each storage container. In some example implementations, the storage
containers may be recharged without interfering with or interrupting the fluid delivery

operation of the sequence yalvés. In th1s manner, the example cascade system may be

used 1o deliver lmd from the bank of storage containers while sirnulizineously

recharging the storage containers.

[0024] ' To further reduce the amount of fhmd 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

requinog any intermediate coupling fluid line between the check valve and the

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

_§-
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valve to another device (e.g., a sequence valve, a regulator, etc.), the example check |
valves described below bave cariridge-like exieri(‘)rs.or cartrid ge-o-li.ke. bodies that plug
into, interfit with, .or otherwise opé:rgﬁvely engage the check valve 0penings.0f the
example manifold. A p].urality of fluid passapeways a;re formed 1n the examﬁ]e
manifold o ﬂt:&d}fl couple or connect the check valves to other components (e.g., -
- sequence valves and/or other check valves) or portions of the manifold to epable the

fluid delivery and recharge operations.

[0025] An exmﬁple dual check valve cariridge described below ?nc]udes:two
chegk valves in a single housing. Each check valve may operate independently. SO
that each dual check \;al"v.e cartridge may provide two functions. In.par.ti cular, one of
the check valves of the example dual check valve caﬁdge may be used to egab]e a
fluid recharge tlow 16 a storage container while the éther check valve enables fluid

~ delivery flow from the storage container.

| [0026] Now turning in detail toﬁ FIGS. 1 and 2, which illustrate cross-sectional
views of an example cascade system 100 that may be used to deliver fluid (e.g.,

- oxygen, namrai .g.as,'propane, hydrogen, .et;: ) fmxﬁ a bar;k of fluid storage containers
102a-c. The cascade system 100 includes a manifold 104 having a p}urality'of
seéuence stages 106a, 106b, and ?06(:. Ea;:h of the sequence stages 1006a, Ib6b, and
106¢ includes a respective se::quence \{aive 108a, 108b, and 108;: cbup]eci ‘io.the
manifold 104. Bach of the sequence valves 108a, 108b, and 108¢ is fluidly conpled to
a respective one of the fluid storage containers 102a, 102b, and 102¢c. A r'egu]ator 110
is coupled to 4 manifold outlet port 112~ to enable the ﬁlling of flwmd céntainers (e.g.,
ﬂuid—depleiiﬁg containers, reﬁﬁéble contalners, 5ofﬂes, pressure vessels, etc.) with the’

fluid provided by the storagé cogiaingérs 102a-c.
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[0027]‘ " Each of the stoi*age éontainers 102a-c is coupled to the manifold 104 via a
reSpectwe one of a plurality of check valves 114a, 114D, and 114c. The check valves
114a-c enable ﬂmd flow 1n only one direction (e.g., fluid flow toward the mamfold

outlet port 112) and, thus, prevent fluid backflow into th;t storage comamers 102a-c

from the manjféld outlet port 112 or any other source. [n the ilipstrated éxample, the

| 'check valves 1}43—0 are céupleq to the manifold 104 via respective éhéck‘?a]?‘e'fhiid
Iine§°1 16a-c. However, in oﬂaer éxamp]e‘implémentaﬁ ons {e.g., the e::; aﬁli)le cascz;de .
system 500 described below in connection with FIGS. 5A-5C and 6-9), manifolds
(e;.g., the mamifold 504 .of-FIGS. SA-SC and '6—'9) may be configured 't.o receive éheck‘
valve cartridges (e.g.,’t.he dual check \;'alve cartridggs 5.12§.-d of FIGS. SB,_ §C, 6 @d
9) directly coupled thereto tf;‘) reduce the amo;mf of required ﬂ;ﬁd ]ine. and to Simpl}fy. |

assembly.

[0028] The exampie cascade system 100 enables the storagé containers 102a-c to
provide .sufﬁcient pressure to fill containers with the ﬂnid stored m ihe: flmd
cbntaigers i02a-c. I."or'.exmnple, to fill a container 118, the sequence valves 108a-c
activate delivery frorn each of the fluid c'bﬁlainers 1 02a-c in& sc.quenti'al manner to

ensure that the pressure output from the manifold 104 is sufficiently high relative to

the pressure in the container 118 to enable filling of the container 118. Durmg
. operalion, after connecting the contamer 118 to the Iegu]ator 110, flnid is-delivered ~
 from the first storage container 102a through the first stage check valve 114a to the

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

[0029]  To detect the amount of pressure in the container 1 18, the container 118 is - |
connected 1o or fluidly coupled 1o a pressure Sensﬁzg port 122. The pressure sensing
port 122 1s coupled to 2 pressure éensing pas.sagew'ay 124 formed in tije manifold 104.

The pressure sensing passageway 124 connects to pressure sensing passageways
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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 o enable each of the sequence valves 108a-c to sense the pressure in the

container 118 during the filling process. .

[0030] Whenthe pressqre.in the container 118 nises to a particular level relative to
the pressure 1n the first storage container 102a, the first sequence valve 108a
antomatcally .enables (e.g., opens) a second container fluid ;ielivel}r 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 1{8a, and out of a first
stage outlet port 134a to the manifold outlet port 112, The first container fluid
delivery ﬂow.pa.lh 120 is substantially disabled (e.g., ciﬂsed) when the second fhud
delivery flow path 130 is enﬁb]ed, and the first sequence valve 1082 and the first
check flow valve 114a prevent the flwud from thé second storage contiiner 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 sequence

valve 108b automatically enables a third container fluid debvery 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 114¢, a sccona sta gc mlet port 132b, the |

second sequence valve 108b, a second stage ontlet port 134b, the first stape inlet port

0.
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132a, the first sequence valve 1084, the first stage outlet port 134a, and out to the

manifold outlet port 112.

[0032] In some example i1mplementations, additional storage containers (e.g., a
foprth storage container) (not shown) may be cbnnected to the manifold 104. In this:
* manner, the container 118 can be filled with a fluid pressure relatively higher than the

fluid pressure of the third storage:{:ontéiner 102c.

[0033] . When fluad de}ivery is shut off via the regulator 110 and tﬁe contamner 118
1s disconnected from the exarﬁple cascade system 100, the sequence ,valves. IOSa-c-.
- disable the second and third container fluid delivery flow patﬁs 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]  Altbough .the above-describeq process involves sequentially activating
| fhad QBlivery from three or four storage containers, if the desired pressure in the
container 118 does not exceed a level for which thé first storage container 102a-
cannot continue delivel;ing fluid, then the qontaine; 118 may be filled without
aciivatin.g fluid delivery paths associaied with £h8 second or third sfomge contawners

102b and 102c.

[0035] FiG. 3 depicts an example se(iuénce va]\;'e 300 that may be ﬁsgd_ to

. tmplement the f:xamp]e sequence vaJVéé 108a-c described abové in connechion with
the example cascade system 100 and example sequence v;ﬂves described below in
connection with other example cascade systems. The operation of the example
sequence valve.?;OO is subsiantially similar or idenﬁcal to the eperations of-’fhe
sequence valv.es 108a-c described abqﬁe in connection with FIGS. ] and 2. In the

ilJustratéd exampie, the scquence v;]’ve 300 1s 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 example sféqueﬁce valve 300 includes a base 306 having a base outer -
surface 3038 and a base cavity 310 defining a base inner surface 312. To enable fluid
- flow between thé second s;toragc container 302b and the container 3@4; the ba’sé 306
inclu'de's.;a valve inlet jaassageway 314 (e-g-, _thé». inle:.t ports 132a-b ;Jf-FIG. 2) @d a |
valve outlet passageway 316 (E:. o.. the stage outlet poﬂ§ 134a-b of HG. 2).  The yaivé .
inlet passageway 314 extends between the basc outer surface 308 and the base i.ﬁner
surface 312 and 'p:'rovi.does a flow path (e.g., the second ;:ontajner flud delivery pa.tb
130 of F1G. 2) to enable fhuid to flow from the second storége. container 302b to the
‘base cavity 31 0 The valve oz.xtlet passagcxz;ray 316 extends from‘the base cavity 3-] 0
to the base outer surface 308 and provides a flow path (e.z., the:‘s:ec;md. c.cmtainer flad
~ delivery path 130) for the fld from the second contamer 302b to ﬂow from the base.

' cavity 310 to the filling container 304.

| [0937]- To epable the sequence valve 300 to sense a fluid pressure in the container
304, the-base 306 includes a'ﬁlh'ng pressure sensing passageway 318 (e.g., the
pr;zssure éensing passageways 126a-c of FIG. 1) extending bemlreen the ba.sé outer
surface 308 and the base inner surface;-3]2. The Hlling pressuré sensing ﬁaésageway
318 provides a path (e.g., the pressure sensihg' ﬂow path 128-of FIG- 2) to. épaﬁle ﬂmd | g

pressure to be couj:ﬂed from the container 304 to the base cavity 310.

[0'033] 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 storage
pressure sensing passageway 328 enables the example sequence valve 300 to be
connected to or couple-d to the first storage container 302a and provides a flmd path

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

cavity 324.

[0039] The base 306 ié coupled .to the bonnet 320 .to form a pressure-tight seal and
encapsulate a i)lmality of valve components. Speci.ﬁcally; fhe base 300 and the
bonnet 320 encapéu]até a paston 330 that is coﬁpled to a spring retainer 332 and
slideabll\/ and sgalin'g.l.y engaged with the bonne;t Qavity 324. The ptston 330 has a

~ storage pressure sensing surface 334 and a filling pressure sensing surface 336
opposing the storage pressure sensing surface 334. The pressure in the ﬁ:st storage
container 302a apﬁlies a force to the storage preésm_e 5ensing surfa;é 334 and the

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

336.

[0040] To sense the pressure in the container 304, the example seguence valve
300 mcludes a valve stem 338 having a valve stem péssageway 340 formed

therethrough. The fluid pressﬁre in the container 304 is coupled into the filling |

pressure sensing passageway 318, through the stem passageway 340, and through

vah'fe stem side ports 342 to fill a pressure chamber 343 of .1he bonnet cavity 324. 'fhe
ﬂiﬁd pressure 1s ;also coupled through spring retainer side ports 344 to fill a spring
retainer chamber 346 cau.sing the pressure in the contéiner 304 toaapply a force 1o the
filling pressure sensing surface 336 that .OppOS&S the force (e.g., the pressure of the -

first storage 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

flow path (e.g., the sécond container fluid flow path 128.of FIG. 2) from the second

- -12-
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storage container 302b to the container 304 based on the difference between the

opposing forces that are applied to the pressure sensing surfaces 334 and 336. o

[0041] To -disable agd enable the fluid pathwa}" from the second storage container
302b,the valve steﬁ 338 15 prc;\rided ;xxriﬂl a plug portion 348. ‘The valve stem 338 s -
| sho»ﬁ in a closed position, In wlﬁch the ﬁlug portion 348 is in abutment with orin -
en g.agement with a valve seat 350 'creating a scal therebetween to disaﬁle or clos;e the
flnd pmh:way from the second Storage- container 302b. The valve seét 350 may be |
made of plastic to eﬁsu;é a préssuré-tight seal between the \.faIVB seat 350 and.the plug
| .portion 348. To enable or open the fluid pathway from the second storage container
302b, the valve stem 33 818 pjaoved toward the bonnet 320 to an open position in
which‘the plug 348 1s disengaged from the valve seaf 350 to allow {luid to ﬂdw
between the va]vc 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 valve stem 338 and, thus, the plug 348 1s controlled
by the piston 330. That is, if the piston'330 moves toward the storage pressure
sensing passageway 328, the valve stem 338 and plug 348 also move toward the . |

SIOrape Pressure Sensing pasgagewziy 328 10 an open posihon to enable the flow path

from the second storage coptainer 302b. If the piston 330 moves away from the
storage pressure sensing passageway 328 the valve stem 338 also moves 'ziway from
the storage pressure sensing passageway 328 to a eJosed position bringing ﬂh_e plug

348 into enpagement with the valve seat 350 and di-sab]ing the flow path from the - -

second storage container 302b..

[0043]  The piston 330 moves based on or in response to the difference between
the opposing forces on the stdrage Pressuwre sensing surface 334 and the filling

pressure sensing surface 336. To provide a pressure bias to the piston 330 to cause

13-
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the pisﬁon 330 to move to an open position when the pressure in the container 304 is
less than the pressure in the first storage container 302a, the cxaznple.seqt'xence 'vdlvc
300 1s };rovid ed with a negative bias spring 356 captured between the spring 'retainer
332 and a spring seat 358. If the pressure bias of the épring 356 is 250 pounds per
. square inch (PSﬁ, the piston 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 préssme that 1s 250 ps1 less than the preésure in the first sto.rage container 302a. In
other words, when the sum of the pressure provided by ﬂle negative bias Spﬁpg 356 -
B apd the pressure of the container 304 exceeds the pressuse of the ﬁrst storage
container 30243, the piéion 330 moves toward the storage éressure sensing passagéway |
-328 to an open position t.o eézable or open the ﬂ;)w path bet\.veen the second storage
container 302b and the container 304. The .pressure'b'ias of the si:ring 356 may-be

selected to be any suitable pressure bias such as, for example, 5'0‘ psi, 100 psi, 250 psi,

- 400 psi, etc.

[0044]. To facilitate. the engagement of the example sequence valve 300 to a
mgrﬁfqld (c.2., thé manifold 104 of Fles; 1 and 2)" and to si.rhplify valve maintéqahce
of example casc.ade SYstems (e.é., the egample cascade system 100 O‘f FIGS. 1 and 2), |
the base 306 forms a carlridge-like body. The cartridge-lik;a body of the exémp]e
sequenée valve: 300 can be easily plugged into a manifold without havin'g'td

discormmect and/or connect a phurality of fhad lines to the valve paséagcway's (or ports) -

314, 316, and 318.

[0045] . To prevent mixing of the fluids flowing through the étorage pressure

sensing passageway 328, the filling pressure sensing passzgeway 318, and the
sequence valve mnlet passageway 314; the example sequehce valve 300 is provideﬁ

with a plurality of o-rings and static seals, For instance, to prevent the fluid flowing

~14-



CA 02809130 2013-03-11

through the storage pressure sensing port 328 from leaking into the storage pressure
chamber 329 of the bonnet cavity 324, the piston 330 1s provided with an o-ming 360.

To prevent fluid from the second storage container 302b from leaking into the bonnet

~cavity 324, the valve stem 338 is provided with an upper o-ring 362, the stem sleeve
354 is provided with a static seal 364, and the spring seat 358 1s provided with a static
seal 366. To prevent the fluid flowing from the filling pressure sensing passageway

318 from leaking into other portions of the base cavity 3 10, the valve stem 338 is

provided with a lower o-ring 368.

10046) FIG. 4 depicps 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 with FIGS. 1and 2 .
and may be implemented using a plurality of éequence valves that are substantially
similar or identical to the example sequence valve 300.0;5 FIG. 3. Howéver, in
addition to delivering ﬂﬁid from the storage containers 402a-d to a container 404, the
example cascade system 400 also enables rechﬁging or refilling the fluid in the
storagé containers 402a-d. The recharging capability substantiailjr reduceé the need to
disengage or disconnect the storage containers 402a-d from the example éascade

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 replenjshiné their fluid supply when they are empty. Instead, the.

storage containers 402a-d may be recharged using fluid delivered from a fluid 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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[0047] The example, cascade system 400 includes a r.echarge circuit 406 having 3
recharge f}uid line 408 th'at 1s communicatively c;:)up]ed too each of the storage.‘ |
cdntairiers 4023—& via respective rechgrge check valves 410a-d. A fluid supply is‘
connected to the recharge circuit 406 via a recharge inlet 412. Flad supplied to- the " _ ‘
recharge inlet 412 recharges the slorage containers 402a-d in a sequential manner
starting with the container having the lowest pressure. Specifically, the rcchafgk: flmd
follows a ﬂo;.’v path connected 1o 't.he one of the stdrage containers '4G?;a-d baving the
least pre;ssure and begins filling that container first. After the pressurc of the first "
"-. storage container jncrr:a:ases toa preséure level matching that of a storage cm‘ltaiher‘
I:;aving the next lawest pressure, the recharge ﬁuid Eegins .ﬂ owing to both .of the |
storage containers simulianéo_uslf. As the pressure levelsﬁ in all of the storage

containers 402a-d equalize, the recharge fluid fills all of the storage containers 402a-d

simultaneously until all of the storage containers 402a-d are filled to a desired level

- and/or pressure. During operation, as the pressure levels in the storage containers
402a-d deplete at different rates, the recharge check valves 410a-d prevent fluid from |
higher-pressure storage containers from flowing into lower-pressure storage

" containers,.

[0&)48] FIG. 5A depicts 2 front view, FIG. 3B dgapicté a top view; and FIG. 5C
depicts an end view of another exampl’e. cascade system 500 that may be used o

‘ dispense filvid from and recharge a baﬁk of fluid storage containers 502a-d using @’
manifold-integrated recharge circuit. The examplel. cascade system 500 includes a s
manifold 504 w_*hj ch, as shown m FIGS. 8, '9, and 10C, has a fluid recharge cirouit 505
formed ihereip to reduce the amount of fluid line requjl_'e'd to implement the recharpe

circuit. The example cascade system 500 operates.in a substantially simjlaror . -

.16~
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identical manner as the examp]é c?_ascade system 400 descnbed above in connection |
with FIG. 4.

[0045] To receive a plurality of seénence va]vés 506a-c (F1GS. 5A-5C and 6), tht;.; ‘
manifold 504 includes a plurahity of opénings 508a-c (i.e., valve cavities) as .s.hown n’
FIGS. 7-9. Each of the sequence .valv'es 506a-c 15 substantially s’imila; or identical to

| . the f%xample seq{lence valve. 300 of ¥1G. 3. The seciuence valves 5 Oéé;c' have |
cartridge;like bodies or housings configured to plug into, mesh wi;ch,. or otherwise |

engage the openings 508a-c.

- [0050] The manifold 504 includes a plurality of check valve openings 510a-d (i.e.,
check valve caﬁﬁés) (FIGS. 3A, 7-9, and 10C) that receive check valve c;artridges'
512a-d (FIG'S. 5B, 5C, 6 and 9), each of which in'clﬁ‘dcs tw6 check valves. In
particular, as shown in FIG. 9, each of the check valve cartrid gf::s 512a-d includes a
respective fluid delivery check valve Sl;fia-d and a réspectiv'e recharge check Vélvé

516a-d. Thé fluid delivery check.valves 514a-d operate in substantially the same

manner as the check valves 114a-c of FIGS. 1 and 2. The recharge check valves - .

51 6a-d function in substantially the same manner as the recharge check valves 410a-d
of FIG. 4. Receiving or mounﬁng'tbe check valve carttidges 512a~d directljr in the
manifold 504 reduces significantly the amount of fluid line required to implement the

example cascade system 500. The ch_eézk valve cartridges 512a-d are described in

greater detail below in connection with FIG. 11.

[0.051'] - Each of the storage containers 502a-d is coupled to a respecb'vé stomge. |

container inlet/outlet port 520a-d (F1GS. 5C, 7, and 8) formed in the manifold 504.

The storage container inlet/outlet ports 520a-d (i.e., the storage container ports 520a-

d) function as inlet ports when delivening fluid from the storage containers 502a-d to a

container 518. However, during a recharge process the storage container ports 5204-d

-17-
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function as outlet poris as descnbed below to deliver recharge fluid to the storage

containers 502a-d.

[00S52] To sense the pre.ssure 1n the storage containers 502a-c, storage pressure

injet ports 517a-c (FIGS. 5A-5C and 6) of the sequence valves 506a-c are coupled via

respective fluid lines 519a-c (FIGS. 5A-5C) to respective manifold outlet ports 521a-c

(F1GS. 5A-5C, 6, 7 and 9). Fluid from the storage containers 502a-c flows into the

manifold 504 via the storage container inlet ports 520a-c and out of the manifold 504

via the mamifold oullet ports 521a-c. The fluid then flows through the fluid lines
519a-c and into the storggc pressure nlet ports Sl;ia—c of the sequence valves 506a-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 500a-c can sense the pressure of a respective one of the storage containers

502a-c.

[06053] To deliver fluid from the manifold 504 to the container 518, a fluid
delivery line 522 (FiG. 5A) is coupled to an outlet port 5;'24 (F iGS. 5A,7,8,10A, and
10B) qf the mamifold 504. As shown in FIGS. 5A, 8, and 10B, an outlet passageway
526 extends betweer.l 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 1o the container

518.

(0054] To enable fluid delivery from the first storage container 502a, the first

storage container port 520a (FI1GS. 5C, 7, and 8) is fluidly coupled to the first dual

check valve cartridge 5124 as shown in FIG. 8. In this manner, fluid from the first -

storage container 502a can flow through the fluid delivery check valve 514a, the

outlet passageway 52.6, and the oullet port 524. To enable fluid delivery from the

-1 8-
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second storage container 502b, the second storage container port 520b (FIGS. 5C, 7,
and 8) 1s fluidly coupled to th;?, second dué] check.valve cartridge 512D as shown in
FIG. 8. In this ménner, fhaid from ﬂ}e'secoﬁd storage container S02b can flow
through the fluid delivery check valve 51 45, a fluid péssageway 528 f:xtendin'g .
between the check valve opening 510b and the first sequence valve opeming 508a, the
sequence valve 506a, the passageway 526, and the outlet port 524. In the illustrated
exznﬁp]e, thud from the third.and .fourth s'toragé cdntainers 502c¢-d 'is'.cieliv‘ered ina
stmilar rl;axmer thrc:Ugh respeciive fluid delivery check valves 514c-d, passageways,

-~ and the sequence valves 506a-c.

[0055] To sense the pressure in the container 518, a filling COD’['c.liI]B‘I' pressure line | |
530 (F1G. 5A) 1s coupled to a‘filling pressure inlet port 532 (FIGS. 54, 6-8, 104, and
10E). Asshownin FIGS. 5A, 8, and 10E, ‘c;i filling pr'essure pas'ségeway 334 extcﬁds |
between each of the sequence valve openings S08a-c ax;d tﬁe ﬁlhng .pre'ss.,u_re nlet port
53‘2 to enable each of the sequence valves 506a-c (FIGS. 5A-5C and 6) to sense the |

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

[0056])  To replenish the fluid in the storage coﬁtainers SOQa—b, a recharge line 536
(FIG. SA) is coupled to a recharge inlet port 538 (F1GS. 7-9, 10A, and 10C) of the
ménifo]d 504. As shown in FIGS. 8,9, and 10C, a recharge passageway 540 extends

~ between each of the check valve openings 510a-d and the rechai-ge mlet p‘bft 538.

During a recharge process, recharge fluid flows through the recharée inlet port 538,
and through one of the recharge check valves 51 65;d (F1G. 9) correslnondﬁing to £he-‘ g
storage confainer having the lowest pregsure. For éxample, if ﬂ:;e ﬁrst. storape
container 502a has the lowest ﬁrcssure and the second storage container 502b has the
second jowest pressure, the'recharge'ﬂuid first flows through the first rechargé check

valve ‘SI 6a (F]G; 8) and ﬂlrough the first storage container port 520a (FI1GS. 5C, 7,

-19-
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and 8) to fill the first storage container 502a. When the Birst storage container 502a
reaches a pressure that is substantially equal to that of the second storage container °
502b, the recharge 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 {ill the first and second storage containers 502b. The recharge

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

containers 502a-d.

{0057}  The cheék vgj\;c ca.rtn'dges 512a-d enable simu]taneously. filling of the

| coptalner 518 and recharging of the storage containers 502;1-;b; For instance, wﬁile

recharge fluid flows through the ﬁrst recharge check valve 516a (FIG. 9) to fill the.
storage contamer 502a, fluid may simultaneonsly flow throngh the first finid delivery

check valve 5 145 to fill the container 518.

[0058]  The manifold 504 is ’conﬁguréd {o enable fluidly connecting the fluid

| deﬁvel"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 example, In an
alternative exam;:o‘le implementation, the ﬂ\;ﬁd delivery line 5?;2, the filling container
pressure line 530, and the recharge line 536 may be fluidly coupled to ports 542, 544,

and 546 (FI1G. 7), respectively, and the {luid lines 51%¢ (FIG. 5B) may be fluidly

coupled to the manifold outlet part 521d, the fluid line 519b (FIG. 5B) ma'y.ba fludly
coupled to the manifold outlet port 521¢, and the fluid line 519a (FIG. 5B) fr}ay be
fluidly coupled to the manifold outlet port 521b. In this manner, the manifold 504 °

may be used to deliver fluid via the end having the poits 542, 544 and 546 (F1G. 7).

In any implement’éﬁon, any porté not fluidly c:oupléd to something (e.g., not fluidly
coupled to fluid line, a valvé, etc.) should be terminated or plugged tocprevem fluid

from ]éaking out of the mamfold 504 during operation.

_70-
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[OD59] Although not shown, pressure sensor device outlets or openings may also

be formed in the manifold 504 to enable monitoring of the pressure in each of the |

storage containers 502a-d using pauges, analog sensors, and/or digital sensors. The
‘pressure sensor device outlets may be confipured to connect to pressure sensor

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

pauges without any intermediate fluid Jines.

[0.060] FIG. Il'isa detajled lustration of an example dual check valve cartridge
600 that may be used to implement the example dual check valve cartridges Sléa-d of
 FIGS. 5B, 5C, 6, and 9. The exampie check valve cartndge 600 includes a first check
valve 602 and a second check valve 604 that may operate indépendently. For
instance, the first check valve 602 may be used to implement the fluid delivery check |
valves 514a-d of FiG. 10 enable flhuid to flow from.th;’: storaée con@ners 302a-d to .

the container 518. - The second check valve 604, on the other hand, may be used to

implement the recharge check valves 516a-d of FIG. 9 and enables Iechérge flnd to

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

recharge process.

[0061] In the illustrated exésple, the example dual check valve cartridge 600

includes a housing 606 having a first check valve housing portion 608 that includes

the ﬁrst check valve 602, a second check valve housing poﬁion 610 that imcludes the
second check valve 604, and a fasteming housing portion 612 having a threaded

surface 614 that enables fastening of the example dual check valve cartridge 600 to a

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

[0062] The check valves 602 and 604 are arranged in an end-to-end configuration

and are n axial a]ignrhent with one another along the length of the check valve

1-
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cartnndge 600. In particular, the first check valve housing portion 608 includes an
external th.readed end portion .616 that threadedly engages an internal threaded end
porh on 618 of the. second check valye housing portion 610 to bripg the check valves
602 and 604 nto substantial axial alignment with one another. The sgcond 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 apparat_ué, methods, and articles of méﬁufacme have
been described herein, ﬂiesc&pc of coverage of this patent is not limited thefcto. "I_"o |
| ‘the contrary, this patent covers all apparatus, methods, and articles of manutacture
fairly falling within the scope of the appended claims either literally or under the .

doctrine of equivalents.

27.
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WE CLAIM:

1.

A dual check valve device comprising:

a housing; .

a first check valve in the housing; and

a second check valve located in the housing adjacent the first check vaive and in substantial axial

alignment with the first check valve,
wherein the first and second check valves operate independently of each other so that the first
check valve controls a fluid delivery flow from a storage container while the second check valve

controls a fiuid recharge flow to the storage container.

The dual check valve as defined in claim 1, wherein the housing comprises a first housing portion
Including the first check valve and a second housing portion including the second check valve,
and wherein an end of the first housing portion threadedly engages an end of the second housing

portion to bring the first and second check valves into substantial axial alignment with one

another.

The dual check valve as defined in claim 1, wherein at least a portion of the housing is threaded

to enable fastening the housing to a cavity of a manifold of the storage container.

The dual check valve as defined in claim 1, wherein the first check valve controls the fluid delivery
flow from the storage container to a refilling container, and wherein the second check valve

controls the fluid recharge flow to the storage container from a fluid supply.

The dual check valve as defined in claim 4, wherein the second check valve enables the fluid
recharge flow to the storage container when a pressure in the storage container is less than a

pressure in one or more other storage containers fluidly coupled to the fluid supply.

The dual check valve as defined in claim 1, wherein the first check valve controls the fluid delivery
flow via an outlet passageway, and wherein the second check valve controls the fluid recharge

flow via a recharge passageway different from the outlet passageway.
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