WO 2008/113182PCT/CA2008/000541 FLUID MANIFOLD AND METHOD THEREFOR k,CHNICAL
FIELD The present document relates to fluid management technology. More 5specifically, it
relates to a f‘l]é,udz(r)r(])a1 @1'92‘ BACKGRO‘UNI_Z) Tre_;n.ds in technology are Qaga%@g,&%%ard_s §ma||er
scales for syst%ms IN"a variety of applications. Fluidic systems can be integrated within restrictive form
10factors imposed by the system to manipulate the transport of fluid. For example, flow-modulating
components can be arEnIEYVEANIOOL InchND ARERH OINWVEH FRERfARsfer, and dosing of
fluids.  Electronic components, such as personal electronic devices, are trending to become smaller
in size. As electronic components are desigmeNICHNANBLID size and 15 incorporate sophisticated and
complex technology, the demands on the power supply become greater. For instance, the power
supply may need toTaeosRYlRSH MM dEtsmalibridootprigtitordedmeirglatdiere addition of the
technology to the device. The additional technology may also require that the power supply last for
longer pariodsyefificatiylritacdition pirtdbtemikeddronic device may need to have energy storage 20
maintained while the power supply shrinks.. An example of a power supply for the electronic
components is a electrochemical cell system. In order to make a smaller electrochemical cell system,

many individual components of the system, such as a fluid delivery component can be made smaller,
but need to meet the technical requirement?éﬁﬁ@%@%hemical cell

Trends in technology are progressing towards smaller scales for systems ina

variety of applications. Fluidic systems can be integrated within restrictive form

10 factors imposed by the system to manipulate the transport of fluid. For example,
flow-modulating components can be arranged for functions such as reactant delivery,
heat iransfer, and dosing of fluids.

Flectronic components, such as personal electronic devices, are frending to
become smaller in size. As electronic components are designed in smaller in size and

15  incorporate sophisticated and complex technology, the demands on the power supply
become greater. For instance, the power supply may need to occupy less volume or a.
smaller footprint to accommodate the addition of the technology to the device. The
additional technology may also require that the power supply last for longer periods
of time. In addition, portable electronic device may need to have energy storage

20  maintained while the power supply shrinks..

An example of a power supply for the electronic components is a
electrochemical cell system. In order to make a smaller electrochemical cell system,
many individual components of the system, such as a fluid delivery component can be
made smaller, but need to meet the technical requirements of the electrochemical cell

25  system. For instance, the fluid delivery component may need to maintain a certain

pressure, without occupying an overall significant volume of the electrochemical cell
1
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25 system. For instance, the fluid delivery component may need to maintain a certain pressure,
without occupying an overall significant volume of the electrochemical cell 1 SUBSTITUTE SHEET
(RULE 26) system, and without interfering with the assembly of the electrochemical cell system.
Furthermore, the functionality of the electrochemical cell system must not be compromised.

According to tHYSirst- vt BomdnHrERim Vit fhGeoiiE e hthe slsirpcheriasistl evisBtising: two
or more featured layers including at least one conduit layer; and the conduit layer having a plurality of
conduit channdigrtherapresh&s|uriieribndifit BrasRasuipBied sajhcaifted ofeBnstePivithin a
single featured layer, wherein the flexible fluid manifold has a bend radius of no less than about twice
a thickness of ﬁ%ﬁﬁﬁ@?@é@ured layer. According to the second aspect of the invention, there is
provided a electrochemical cell system comprising: at least one fuel cell layer; at least one flexible fluid
manifold as recited aHbROrthReOI BTk aMer Mmabsinymiian Ssuplsdiriiadedlaside duidtuel cell.
According to the third aspect of the invention, there is provided a method comprising: introducing fluid
into a flexible fRIRRHAAIFSIAPIRENE MM Metadist s arsriore fediis 8b piybPESRABEMY @B ast one
conduit layer, the conduit layer having a plurality of conduit channels disposed adjacent to one another
within a single %egdtte et lanerdnying aekBrinurf sl handbirecadhs Bimaligsafihan
about twice a thickness of a single featured layer; and flowing fluid through the conduit channels.
According to tH&Bduihchapesls sHigRasel SirsstnerORs pranied w iiBISgla AsaRirst Bdfprising:
two or more featured layers including two or more nonrestrictive conduit layers including a first conduit
layer and a sectiaBiaaifiriale fedeeaialddusy berbmdisy s e lssh Ban gRRuE A%1%n@ conduit
channel; the first conduit layer stacked with the second conduit layer; a first flowpath distributing fluid
on two or moreglarsstAbFriigle fFHRRERISdIng from a first featured layer to a second featured
layer; and wherein the first flow path circumnavigates a second flow path. BRIEF DESCRIPTION OF
THE DRAWINGS Figdve&tadingtritedsnespiaednnein It Aheietirseiemidhrice fsyighdsd 2

constructed in accordance with at least one embodiment.
electrochemical cell system comprising: at least one fuel cell layer; at least one

flexible fluid manifold as recited above, the at least one fluid manifold fluidly coupled
with the at least one fuel cell.

According to the third aspect of the invention, there is provided a method
comprising: introducing fluid into a flexible fluid manifold, the manifold including
two or more featured layers including at least one conduit layer, the conduit layer
having a plurality of conduit channels disposed adjacent to one another within a single
featured layer, wherein the flexible fluid manifold has a bend radius of no less than
about twice a thickness of a single featured layer; and flowing fluid through the
conduit channels.

According to the fourth aspect of the invention, there is provided a flexible
fluid manifold comprising: two or more featured layers including two or more non-
restrictive conduit layers including a first conduit layer and a second conduit layer;

the first and second conduit layers each having at least one conduit channel; the first



Figure 1Billustrates a block diagram of a electrochemical cell system in accordance with at least one
embodiment. Figure 2illustrates an exploded perspective view of a fluid manifold as constructed in
accordance with at least one embodiment. Figure 3Aillustrates a cross-sectional view of a conduit
layer as constructed in accordance with at least one embodiment, Figure 3Billustrates a

cross-sectionaf AR bEE strfiedayEh dacctsiiend cRnit dbvardafiest Hamnathedisttntingdbdiment.

Figure 3Cillustrates a cross-sectional view of a conduit layer as constructed in accordance with at least
one embodimetit. g FeTGsHueES Hhe dipidiy pelsSatmtngclonr & Htt KaamedideXsTdsmitructed in
accordance with at least one embodiment. Figure 5illustrates an exploded perspective view of a fluid

manifold as coffiPtédim st toreaned Wher st dasisH e BoHirERPERIE B s el 19w of an

enclosure with an interface as
path.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1A illustrates an exploded view of a electrochemical cell system as
constructed in accordance with at least one embodiment.

Figure 1B illustrates a block diagram of a electrochemical cell system in
accordance with at [east one embodiment.

Figure 2 illustrates an exploded perspective view of a fluid manifold as
constructed in accordance with at least one embodiment.

Figure 3A illustrates a cross-sectional view of a conduit layer as
constructed in accordance with at least one embodiment.

Figure 3B illustrates a cross-sectional view of a conduit layer as
constructed in accordance with at least one embodiment.

Figure 3C illustrates a cross-sectional view of a conduit layer as
constructed in accordance with at least one embodiment.

Figure 4 illustrates an exploded perspective view of a fluid manifold as
constructed in accordance with at least one embodiment.

Figure 5 illustrates an exploded perspective view of a fluid manifold as
constructed in accordance with at least one embodiment.

Figure 6 illustrates a view of an enclosure with an interface as

constructed in accordance with at least one embodiment.
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constructed in accordance with at least one embodiment. WO 2008/113182PCT/CA20081000541
Figure 7illustrates a side view of an enclosure with an interface as constructed in accordance with at
least one embodiment. DETAILED DESCRIPTION The following detaiIe%$$§?§%yg&)§qﬂudes
references tgvfﬁé()%séygﬁ%anying 5 drawings, which form a part of the detailed description. The
drawings show, by way of illustration, specific embodiments in which the fluid manifold and fuel cell
fuel systems and methadymay Httattced sithesevenbedirmenesiwhivibars drerfeseried to herein as
"examples" or "options," are described in enough detail to enable those skilled in the art to practice the
present invention. The embodimentstmaigbin 2ocevimsinadthrhspg proeRReti@siay be utilized or
structural or logical changes may be made without departing from the scope of the invention. The
following detailed description is, therefB¥al #8:E& BERKRE H @M miting sense and the scope of the
invention is defined by the appended claims and their legal equivalents, In this document, the terms

"a" or "an" are used & qﬁ@lﬁ@m@ﬂ?ﬂ&@%ﬁaﬁ%ﬂ@%ﬁﬁﬁ%ﬁﬁ%% VLS Pefer to a

nonexclusive "or" unless otherwise indicated, In.addijtion, it is to.be understood t hraseology or
terminology efFpIEYEY WRikkiomgna pat Bfa ?\ﬁ%@%%fﬁsec&%o%r & éjruar‘f)%lsgg %g’foggsgérri‘gg%% only and not
of limitation. A fluid manifold is provided.herein. In.th llgww aﬁ@&]@ﬁépanifold fora
electrochemici BTSSR SPRE S GRS %‘SmWhm%éQ ﬁﬁ H%ﬁﬁﬁ Pl

& ﬁlowever, t uid manifold Is not necessarily so limited and
can be used 'Qy%%‘n?sf ¥ ?ﬁc’e&fofc!llél Igllgyct%n&%@/g&e H¥ese embodiments, which are also referred

to hereiﬁ as “examples” or “options,” are described in enough detail to enable those
skilled in the art to practice the present invéntion. The embodiments may be
10 combined, other embodiments may be utilized or structural or logical changes may be
made without departing from the scope of the invention. The following detailed
description is, therefore, not to be taken in a limiting sense and the scope of the
invention is defined by the appended claims and their legal equivalents.
Tn this document, the terms “a” or “an” are used to include one or more than
15  one, and the term “or” is used to referto a nonexclusive “or” unless otherwise
indicated. In addition, it is to be understood that the phraseology or terminology
employed herein, and not otherwise defined, is for the purpose of description only and
not of limitation.
A fluid manifold is provided herein. In the following examples, a fuel
20  manifold for a electrochemical cell system is discussed. Howevet, the fluid manifold
is not necessarily so limited and can be used in other types of fluidic control systems
or other types of systems in need of fluid management. For instance, the flud
manifold can be used to deliver or remove other types of fluids, including, but not

limited to water, oxidant, or a beat transfer fluid. For instance, the fluid manifold
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or other types of systems in need of fluid management. For instance, the fluid manifold can be used to
deliver or remove other types of fluids, including, but not limited to water, oxidant, or a heat transfer
fluid. For instance, the fluid manifold 3 SUBSTITUTE SHEET (RULE 26)P 08/000541
200811131@’596??@5‘2%81000541 includes, but is not limited to, a fuel manﬁglz(?, a heat transfer
manifold, an oxidant manifold, or a water removal manifold. Definitions 5As used herein, "fluid" refers
to a continuousclagearplidsssibstadce, wihodenmfetlkhesidvatfaanapifeidbas @HEMHEr and that has
the tendency to assume the shape of its container. A fluid may be a gas, liquefied gas, liquid or liquid
under pressureatifddnptesvofifiuiesavalymiaeiiadé fluid reactants, fuels, oxidants, and heat transfer
fluids. Fluid fuels used in fuel cells may include hydrogen gas or liquid and hydrogen 10carriers in any
suitable fluid form. Examples of fluids include air, oxygen, water, hydrogen, alcohols such as methanol
and ethanol, ammonia and ammonia derivatives such as amines and hydrazine, silanes such as
disilane, trisildAElgRs butane, complex metal hydride compounds such as aluminum borohydride,
boranes such as diborane, hydrocarbons,such as cyclohexane, car I

dodecahytro-n-ethyl 15t ??Fé?ap het %rg?ﬁ)rgt%og Té%%ﬂ‘é‘“’&%“ré C icc:g E}%?%%g?ab%}:r%ﬁesaturated
amino boranes such as cyclatriporazane, butane, ' sughe jgm and
potassium bo%%ﬁ?’géé,(}érﬁ F’c{g ¢ Sgc%é S %15?2 gé%m%%‘ﬁ%%%%ﬁo)ﬁ%may ﬁeﬁfffit%ﬁg“device for

storing a fluid, The ., luid enclasye, may. stgse adisanysionlliosanamical: esaxample, the fluid
20enclosure may c?lemlcarlly store a fluid in active material particles.
Examples of fluids may include fluid reactants, fuels, oxidants, and heat transfer
fuids. Fluid fuels used in fuel cells may include hydrogen gas or liquid and hydrogen
10 carriers in any suitable fluid form. Examples of fluids include air, oxygen, water,
hydrogen, alcohols such as methanol and ethanol, ammonia and ammonia derivatives
such as amines and hydrazine, silanes such as disilane, irisilane, disilabutane,
complex metal hydride compounds such as aluminum borohydride, boranes such as
diborane, hydrocarbons such as cyclohexane, carbazoles such as dodecahydro-n-ethyl
15  carbazole, and other saturated cyclic, polycyclic hydrocarbons, saturated amino
boranes such as cyclotriborazane, butane, borohydride compounds such as sodium
and potassium borohydrides, and formic acid,

As used herein, “fluid enclosure” may refer to a device for storing a fluid. The

fluid enclosure may store a fluid physically or chemically. For example, the fluid
20  enclosure may chemically store a fluid in active material particles.

As used herein, “active material particles” refer to material particles capable of
storing hydrogen or other fluids or t(') material particles that may occlude and desorb
hydrogen or another fluid. Active material particles may include fluid-storing
materials that occlude fluid, such as hyd?ogen, by chemisorption, physisorption or a

75 combination thereof. Some hydrogen-storing materials desorb hydrogen in response

4
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As used herein, "active material particles” refer to material particles capable of storing hydrogen or
other fluids or to material particles that may occlude and desorb hydrogen or another fluid. Active
material particles may include fluid-storing materials that occlude fluid, suc hydr en, by
chernisorpti%‘?ﬁ i ion or a 25 combination thereof Some hydroger%)-éI Zﬁ%zgx‘?hwgﬁe"r?éls desorb
hydrogen in response 4 SUBSTITUTE SHEET (RULE 26) to stimuli, such as change in temperature,

change in heavotisetiange in gregsiretcByarriphes SRR eH-StGrifgnaxiB MERshat release
hydrogen in response to stimuli, include metal hydrides, chemical hydrides, suitable micro-ceramics,
nano-ceramicEsbomes wfidrogmotinsing mestarby ke aamBYREPRED BansERIE O ftEig materials,
5zeolites, silicas, aluminas,s%%ite, and carbon-based reversible fluid-storing materials such as

suitable carbofQsgfoRgsEd oSS AL BB ACSeTH OIS T ToRSS CAPREH HalS-structured

carbons or any combination thereof The particles ma%\%go inclyde a metal,.a metalc all%/, a metal

compound capaBiE BAGFRRG b e SRR HE e GE R IBy S e of or
binati thereof The 10 acti terial icl include n ium,.lithium, alumi ,
compinatipns eé%%oﬁﬂgﬁfcgﬁf%\é%%n?%ﬁgl eparélca% MY e rlév%sr}:%?e%aﬁﬁscf—%mhg Ium, aluminum

calcium, bororf°¢ ; metals, Tanthanides, intermetallic compodunds, solid solutions

thereof, or combinaans fnereql.. AssertRsiei "aslidAL accldingon ggslusion” refers to

absorbing or alﬁ%o%r?g an aining a substance, such as a fluid. Hydrogen may be a fluid 15

occluded, for gyample Tite lgh e a6chiled reycalinatpASicaby s yasikehemisorption
(0]

or physisorption, for example. As used herein, "desorb" or "desorbing" or "desorption” refers to the

removal of an absqibed anadsarhsd subsipncsy, HysteyesipaxiedpipRustkaaetivernaterial
particles, for example. The hydrogen or other fluid may be bound physically 20or chemically, for
example. As usggiberaiien eaiastingrhefetfoteRhysigattreof or combinations thereof. The
10 active material particles may include magnesium, lithium, aluminum, calcium, boron,
carbon, silicon, transition metals, lanthanides, intermetallic compounds, solid
solutions thereof, or combinations thereof.
As used herein, “occlude” or “occluding” or “occlusion” refers to absorbing or
adsorbing and retaining a substance, such as a fluid. Hydrogen may be a fluid
15 occluded, for example. The fluid may be occluded chemically or physically, such as
by chemisorption or physisorption, for example.
As used herein, “desorb” or “desorbing” or “desorption” refers to the removal
of an absorbed or adsorbed substance. Hydrogen may be removed from active
material particles, for example. The hydrogen or other fluid may be bound physically
20  orchemically, for example, As used herein, “contécﬁng” refers to physically,
chemically, electrically touching or within sufficiently close proximity. A fluid may
contact an enclosure, in which the fluid is physically forced inside the enclosure, for
example.

As used herein, composite hydrogen storage material refers to active material

25  particles mixed with a binder, wherein the binder immobilizes the active material

5
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chemically, electrically touching or within sufficiently close proximity. A fluid may contact an enclosure,
in which the fluid is physically forced inside the enclosure, for example. As used herein,
composite hydrogen storage material refers to active material 25 particles mi dt i [)g inder,
wherein the f%&g‘}sfrlﬁ?ﬁ%zbilizes the active material 5 SUBSTITUTE SHEE@@% (é/% ﬂ%‘\g‘vo
2008/113182PCT/CA2008/000541 particles sufficient to maintain relative spatial relationships between
the active matarialqsaxtitkisnitotiveitanasikativaheidd sletinnshipalsartersdeapiifie of storing hydrogen
or material particles that may occlude and desorb hydrogen, such as metal hydrides, for example. The
active materialatesigltparioletahcirsaaingl orrides serpRl A Ealsa s lg/o?ﬁﬁfr‘i’é“é\gmetal hydride
when in contact with hydrogen. Metal hydrides may, include tran%iPé,Jn metals ﬁlumir&np, lanthanides,
calcium, vanaipgeparmaterRlRgEidsehahang el A e iHesE FEPRINS, the active

material may be LaNis, FeTi, a mischmetal, a mixture o%metal% rmaer%afyg?ﬁ?%gh as,MinNi5, wherein
Mm refers to &Y AsiLeSr &0 FIEMANIGBE 29N ZRIFH MR barticies may occlude hydrogen by

chernisorption, physisorption or.a combination thereof. Activ Jal.pafi dlay.alsp include
silicas, ahﬁmiﬁ%‘,p%ﬁﬂt‘é@a%}%féﬁg%nén aflr%?%%é%r 1£85V%%rhlltge§g§i%on fibet}rgk,%é%:arbon aerogels,
activated carbons,.nano-structured car nﬁﬂm!c%?-gggﬁmi%tﬂgggége@@{ﬁﬁg PRIRRRride nanotubes,
palladium-co?‘?égﬁﬁ% Irnnaéﬁérrlélﬁlscij %?r%%sr% Qlﬁatlons’t ereof. Examples of composite hydrogen storage

materials 15cap ity Qunthin.commanly AUASH R SatenlAnplcaiisn Seinldioe iEAA970, filed
ererr

April 24, 2006. g to Figure’l, an example of an electrochemical cell system, such as a

electrochemiggl cgll 300, RaBRA lhanahdhe tesm Sleal ochamitab 0dihslistem is used

herein, it should’be noted that the system can be used for any 20electrochemical cell system. The
electrochemicgh salhsystart-:0R inaludes onemmadesoTadueticehifahrartklelbigel system 104, a
charge port 106, and fuel storage 108. The fuel cell fuel system 104 includes a layered structure
including gbut aetlimitedrigeabledsinkerptessphesiegpiitonat teadtiormtiteurafaldee least one flow
valve. In an option, the at least one pressure regulator, the at least one check valve, at

material particles may also include silicas, aluminas, zeolites, metal organic

frameworks, graphite, carbon fibers, carbon aerogels, activated carbons, nano-structured
carbons, micro-ceramics, nano-ceramics, boron nitride panotubes, paltadium-containing
materials or combinations thereof, Examples of composite hydrogen storage materials

15  can be found in commonly-owned U.S. Patent Application Serial No. 11/379,970, filed
April 24, 2006.

Referring to Figure 1, an example of an electrochemical cell system, such asa
electrochemical cell system 100 is shown. Although the term electrochemical cell
system is used herein, it should be noted that the system can be used for any

20  electrochemical cell system. The electrochemical cell system 100 includes one or
more of a fuel cell 102, a fuel cell fuel system 104, a charge port 106, and fuel storage
108. The fuel cell fuel system 104 includes a layered structure including, but not
limited to, at least one pressure regulator, at least one check valve, at least one flow
valve. In an option, the at least one pressure regulator, the at least one check valve, at

25  least one flow valve 106 include featured layers that are stacked together and
6
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25least one flow valve 106 include featured layers that are stacked together and 6 SUBSTITUTE
SHEET (RULE 26) operatively interact together. The electrochemical cell system 100 further includes
a manifold 118, such as a fuel manifold 120 fluidly coupled with a fluid er}%c? h as the fuel
storage 108™MhEHARISH 118 is also fluidly coupled with the fuel cell 102. #é P&i%jég%%ggling for the
fuel manifold and the fuel storage can include, 5but is not limited to compression seals, adhesive
bonds, or sold@ersivalchideraciREheh %él%%@%%%@&%@ﬁ%goaﬁl@%ﬁfﬁ% " manifold can
also be used to distribute, deliver, or remove other types of E@?@ﬁ%ﬁs but.not Iénfifﬁd to water,

oxidant, or a ceEHRHLIS: Deliase farlaraainlsly L duistinga iSRS Aressure 10
activated valve, can be used. For example, pres tivated.one-way valve.allows a.flow of fluid, for
example, fluiHRIES g‘ﬂ%ﬁ@@%@l&@ﬂrﬁ%ﬁ%ﬁ@@oﬁg@% s %ﬂﬁ.%(g{?\l%év 0 uge1 i%sugalllowed into a
fluid reservoir dyring refueling, but does.not allow fuel tq fl C rvoir. In an
option, flow of’ﬁﬁeﬂ%‘pﬁﬁ%h@g T8 %gbg{:%l(e)g? églﬁﬁgl gﬁ%%@s%%vé@#&%é%&%%sé%ir is over
pressurized witl) Ié‘elsﬁén’ftgge}ﬁ%&“&%!ré%%" deviea cATIQHY & S6RIAAAMRSEAREItON Of the sealing

surface, for example, around the intet port with a seal, such as an o-ring or gasket. Fuel is introduced

into the fluid cenol sy sein ARdH1e Ll aeeaue st elcampiates e cemeasible member

and breaks the seal between the compressible member and the outside cover. In another option, an
environment SYLQURAING1HRE: 20 SRR el iSidRERYRIdNAY, b poetisuitizee witkifuel to force fuel
through the refueling valve assembly and into the fuel reservoir. When the fueling process is
complete, the sefasling:fixtusgiis rrdoved from the valve assembly, and the valve becomes closed. For
example, the compressible member decompresses, and fluidic pressure from the fuel reservoir
through the fuel 25 opteicporvedeatishatbssurgiing foetfieidomplessiblebmeatyessired presses the 7
SUBSTITUTE SHEET (RULE 26)

10 activated valve, can be used. For example, pressure activated one-way valve allows a

flow of fluid, for example, fluid fuel, into a fluid enclosure for a fuel storage system.
The flow of fuel is allowed into a fluid reservoir during refueling, but does not allow
fuel to ﬂow back out of the fuel reservoir. In an option, flow of fuel is permitted to
flow back out of the fluid reservoir if the fluid reservoir is over pressurized with fuel.
15 An external refueling device can form a seal against a portion of the sealing
surface, for example, around the inlet port with a seal, such as an o-ring or gasket.
Fuel is introduced into the fluid control system, and the fluidic pressure of the fuel
compresses the compressible member and breaks the seal between the compressible
member and the outside cover. In another option, an environment surrounding the
20  exterior of the outside cover may be pressurized with fuel to force fuel through the
refueling valve assembly and into the fuel reservoir.
When the fueling process is complete, the refueling fixture is removed from
the valve assembly, and the valve becomes closed. For example, the compressible
member decompresses, and fluidic pressure from the fuel reservoir through the fuel

25 outlet port exerts pressure on to the compressible member and presses the

7
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WO 2008/113182PCT/CA2008/000541 compressible member against the outside cover. The
decompression of the compressible member and/or the fluid pressure from the reservoir creates a seal
between the compressible member and the outside cover such that fuel st the
compressibl‘é/%ﬁ?f}éﬁgﬁd into the fuel inlet port. hhi another option, the%gggcrrggégi%%%ﬂmember
and/or the fluid diffusion member can be designed to intentionally fail if thetpressure in the fuel
reservoir becamesetsivlgreatoer guesret tramiaigradeearmihvelaABUNRESSION A dhdther option, a fluid
coupling assembly can be used to couple the system with another co_mponent.érﬁr%g coupling assembly

includes a firsbopokiiigernember aadier SecBrid PSS ATR BEFSINELLCERP M Der therebetween.

The first coupling member and the second coupling member are ma%e ic?g}g er%%?ﬂ?g\!e, such as by
way of a first repsetoernemressila Bk fahaG PR FETB MR tgééef facted pofarities. The

engagement of the fast coupling member and the sec %%eou ling member opens a fluid flow path
therebetweerPaWHeFRPESHBIMBFHAAANS! %tﬁ?ﬁﬁg § Ot%"r}%%ﬁﬁl ﬁSR%%%t fssealed. Ina

further option, the system includes a strain_absqrhing interface r ting the fluid enclosure.
For instaﬁce,%ﬂ?ﬁ@iﬂ%&’fﬂ%@ P&%%fgnéglg{mgm fots L d%)l gl

of semlrlglglc%lmponent and a flexible fluid enclosure. The
interface absorbs any strai to dimensianal ch indhe fluid enclasure asdicehgrges with
hydrogen. Rié‘?ﬁe%oé%‘ﬁbfp%‘ﬁéﬁg?gﬁ% Suéglr%oﬁ?l%#s or fluidic devices for fuel cell%gmmunication, can be
coupled to the qui&I Fnclosure tPlggugh the flexible interface and not risk sheering due to mechanical
0

stress. The fI&RBIe Interace allows for more component configurations and applications for use with a

flexible fluid enclosyge chgﬁepgg{pdﬁ inigifacsARsprRssHRiN-aRGsURaat sdhsicorngstian between
component and 25 enclosure. 8 SUBSTITUTE SHEET (RULE 26) WO

2008/ 113182%@5&3&%@8@§&&. The coupling assembly includes a first coupling member, a

10 second coupling member, and a seal member therebetween. The first coupling
member and the second coupling member are magnetically engagable, such as by way
of a first magnetic member and a second magnetic member having attracted polarities.
The engagement of the first coupling member and the second coupling member opens
a fluid flow path therebetween. When the coupling roembers are disengaged, this

15 fluid flow path is sealed.

Tn a further option, the system includes a strain absorbing interface 404 for
contacting the fluid enclosure. For instance, the interface is used for a rigid or semi-
rigid component and a flexibie fluid enclosure. The interface absorbs any strain due
to dimensional changes in the fluid enclosure as it charges with hydrogen. Rigid

20  components, such as mounts or fluidic devices for fuel cell communication, can be

coupled to the fluid enclosure through the flexible interface and not risk sheering due
to mechanical stress. The flexible interface allows for more component
configurations and applications for use with a flexible flud enclosure. The flexible
interface absorbs strain and supports the connection between component and

25  enclosure.
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Referring to Figure 6, a cross-sectional view of a flexible fluid enclosure interface system 400 is
shown, according to some embodiments. The system 400 includes a flexible fluid enclosure 406 in
contact with_a strain absgrbing interface 404 on a first side. On a second]%c#gc ? %ﬁq‘ﬁce 404 may
be in contact\Hith S tifired Slayer 402. The featured layer may include a plurality of featured layers,
or one or more featured layers that collectively form a functional control system component. An
optional fluidic conreekinind6s Fpyds positoredimahdsmefiadedble TEABelTYthe enclosure 406
and featured layer 402. The fluid enclosure may be flexible. For example, a flexible fluid enclosure
10may includiatarfrexiktedingiOfoisstorivg acrerdingre e SREREMESan HfcRIER B cartridges, such as

replaceable fuel cartridges, dispenser cartridges, di;gglsable fuel amgouEs, refill blelbugl tanks or fuel
cell cartridgesndtdesafigsiblerRuifraictoi L AR S AP aliE e nectable to a fuel

cell or fuel cell layer. The fuel cartridge may also inclu-g a connecting valve. for connegting the
cartridge to acPsFdEFcae fid 889 F‘&F’rémﬁﬂrﬁrgaé;\?i §4 & ﬁiﬁlg(rgé%csjtmrqe@%%c%y e an enclosure

formed by confoitably coupling an, outer wall.to.a composjte hydr foLage, mateyial, for example.
Conformgbly et 'rg?é@rﬁe?g'ﬁm{ilﬁar%%%c%% i gﬁ%&%ﬁﬁﬁ%&fﬁz% between two components
and are attached in such as way, as tg chemically o 20 nhysicallyRind i/ comgsharding shape or
form. A structt4F ﬁ%tiulc'?ld? f)so)%'ﬂg %%?gggigi%}%%é%aterial may bé conformﬁably coupled to an

outer enclosuic, wall, for ARG IdE.0 der RAslRsUS wiellehemical, anplysigally binds (o
e hydr

the structural fileror composit ogen storage material and takes its shape. The outer enclosure
wall is the out%%[ggato enydthin adluid enclosire that serves to at least 25partially slow the diffusion
t

of a fluid from the enclosure. The outer enclosure wall 9
The fluid enclosure may be flexible. For example, a flexible fluid enclosure
10 may include a flexible liner for storing a fluid. The fluid enclosure can include fuel
cartridges, such as replaceable fuel cartridges, dispenser cartridges, disposable fuel
ampoules, refillable fuel tanks or fuel cell cartridges, for example. The fuel cartridge
may include a flexible liner that is connectable to a fuel cell or fuel cell layer. The
fuel cartridge may also include a connecting valve for connecting the cartridge to a
15 fuel cell, fuel cell layer or refilling device. The fluid enclosure 406 may be an
enclosure formed by conformably coupling an outer wall to a composite hydrogen
storage material, for example.
Conformably coupled refers to forming a bond that is substantially uniform
between two components and are attached in such as way as to chemically or
20  physically bind in a corresponding shape or form. A structural filler or composite
hydrogen storage material may be conformably coupled to an outer enclosure wall,
for example, in which the outer enclosure wall chemically or physically binds to the
structural filler or composite hydrogen storage material and takes its shape. The outer

enclosure wall is the outermost layer within a fluid enclosure that serves to at least

25  partially slow the diffusion of a fluid from the enclosure. The outer enclosure wall
9
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SUBSTITUTE SHEET (RULE 26) may include multiple layers of the same or differing materials. The
outer enclosure wall may include a polymer or a metal, for example. The fluid may be hydrogen, for
example. Examples of such enclosures may be found in commonly owne plication
Serial No. 13 ?gﬂélf?ﬁed June 23, 2006. 5The strain absorbing interfac?eckﬁ!gf %@g@ )(}g%noanufactured
of any suitable material that allows it to be flexible, absorb strain and bond to the enclosure 406 and
featured layemnd§andthdemaitintd iioser thecal rodifering meiprialsofde PHiiEaF 95 ¥ emical, between
the featured layer 402 and enclosure 406 and also allow for the differential in strain between the strain
of the enclosurelivadtydneluie Zipplimesiomemer e ewrmpier 40 Lydmmthe RHELEEHESS on any bonds
does not exceed the strength of such bonds. The interface 404 may be manuf ed of an
elastomeric nfafETiREo ESREBHh LRI SRS @5%%%@@%&@%3%ﬁr%ude thermoplastic

elastomers, polyurethane thermoplastic elastomers, polyamides,.melt processable rubber,
thermoplastic RAiREAAPRIS AU SR N?oﬁé%’jgé?’}atﬁﬁgilﬂ%% ,’?glg] gi(ample. 15Examples of synthetic

rubber materials ma;hiégg%de %':%Qr é}uﬁbl?l e{ffgueoiqulﬂaﬁéslﬁob@%rlgns a(r:{ua} d\@%%lrrr&? ggﬁ&% (available from E.I.

DuPontd%Nemours, oration), ethylene propylene diene monomer rubber (EPDM

rubben), styrene buiadiens ibber (SBRI AN Huptacahond WBREHH il enclosure 406

is filled with fIdid, Or ¢ arged, imensions of 20 the enclosure 406 increase (see Figure 7). The

strain absorbipg intertace 405 may deform qrRbROgSiR diRensioRiauR BadMIiskaess 412. The

of i
strained interface 414%gen maintains a consistent, less stressful contact between the enclosure 406
and featured lgyer:402y Fhrdeaitiesiayendlaommid ther undempalitiade Mpstrainhas the interface

414 absorbs strain caused by the enclosure 406 movements. The 10
differential in strain between fhe strain of the enclosure wall and the rigidity of the
10 featured layer 402, so that the sheer stress on any bonds does not exceed the strength
of such bonds. The interface 404 may be manufactured of an elastomeric material or
silicon material, for example. Elastomeric materials may include thermoplastic
elastomers, polyurethane thermoplastic elastomers, polyamides, melt processable
rubber, thermoplastic vulcanizate, synthetic rubber and natural rubber, for example.
15  Examples of synthetic rubber materials may include nitrile rubber, fluoroelastomers
such as Viton® rubber (available from E.1. DuPont de Nemours, a Delaware
corporation), ethylene propylene diene monomer rubber (EPDM rubber), styrene
butadiene rubber (SBR), and Fluorocarbon rubber (FKM).
As the fluid enclosure 406 is filled with fluid, or charged, the dimensions of
20  the enclosure 406 increase (see Figure 7). The strain absorbing interface 406 may
deform or change in dimension, such as in thickness 412. The strained interface 414
then maintains a consistent, less stressful contact between the enclosure 406 and

featured layer 402. The featured layer 402 would then undergo little to no strain, as

the interface 414 absorbs strain caused by the enclosure 406 movements. The

10
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SUBSTITUTE SHEET (RULE 26) WO 2008/113182PCT/CA2008/000541 interface 414 may absorb
all or at least part of the strain caused by changes in dimension of enclosure 406. The featured layer
402 may be _any fitting, mount, connector, valve, regulator, pressure relie i lanar microfluidic
device, a pngé), il ghy Hévice that might 5control the flow of a fluid from tkg%%?oe{%@g%ﬁre into or out
of the enclosure or combinations thereof, for example. Examples of fluids include, but are not limited
to, gas, liquefieekfyas Alquithpatigquicelindet jsrstpereoEhastipia sBratE thaReRidRide fluid reactants,
fuels, oxidants, and heat transfer fluids. Fluid fuels used in fuel cells may include hydrogen gas or
liquid and hydiogesicasfierslisaayéditable fluid form. 10 Multiple interfaces 404 and multiple featured
layers 402 may be utilized in conjunction with one aor more fluid enclosures 406, where the featured
layers form functionihe ajsiklatestith may Bﬁtaﬁ%f‘ﬁﬁ’?i%ﬂl?aﬁh‘éoﬂﬁ?ﬁfgrcgﬁ%&%e 4% the manifold,
the pressure regulator, the check valve. In a ot&%: option, the interfaces 404.can oupled with art
inlet of the fIURRESEEFEFEGEYAH:, RW@%’&F@@@,‘B eqlgﬁiﬁ&%:atghgfoa@ r%? e ﬁ%ﬁg‘gﬁ; illustrates

addtional exarples for e manfa 18, & el el gesemilyl O neligead g gnclosure 114

er, such as a pressure regulator component 116 by a manifold 118.

The one of mote flid,conyol.componens €2 RS bt AEATLIE a0 Acfuieeacpirol system,
ow'v

inlets, 20 outlePAHBRERK EITE cShponent: a flow valve component. a charge valve component, a
pressure relief compg 2 sonduit ananeiiyaivesadnaniabrbfivalveasriadhesmal relief
component. £8% %%% gu’re%'egulator 116 is fI%JidIy coupled with a fuel cell 102 via a manifold 118.

The manifold 418 jagludes fe yakecanditchanma!skag theraifudStneal furfadrcelition, the
manifold 118 fluidly coupled with the pressure regulator

may include hydrogen gas or liquid and hydrogen carriers in any suitable fluid form.

10 Multiple interfaces 404 and multiple featured layers 402 may be utilized in
conjunction with one or more fluid enclosures 406, where the featured layers form
functional components such as, but not limited to, the fluidic control system, the
manifold, the pressure regulator, the check valve. In another option, the interfaces
404 can be coupled with an inlet of the fluidic control system, the fuel cell, or the

15  fluidic enclosure..

Figure 1B illustrates additional examples for the manifold 118. A fuel cell
assembly 100 includes a fluid enclosure 114 fluidly coupled with a fluidic controller,
such as a pressure regulator component 116 by a manifold 118. The one or more fluid
control components can include, but are not limited to a fluidic control system, inlets,

20  outlets, a check valve component, a flow valve component, a charge valve
component, a pressure relief component, a conduit, an on/off valve, a mannal on/off
valve, or a thermal relief component.

The pressure regulator 116 is fluidly coupled with a fuel cell 102 viaa
manifold 118. The manifold 118 includes one or more conduit channels 130 therein.

25  In a further option, the manifold 118 fluidly coupled with the pressure regulator
11

SUBSTITUTE SHEET (RULE 26)



11 SUBSTITUTE SHEET (RULE 26) WO 2008/113182PCT/CA2008/000541 component 116 and the
fuel cell 102 can further include at least one feedback channel 129 and a delivery channel 133. The
delivery channel 133 delivers fluid such as a fuel to the fuel cell 102. The};‘@gﬂg%&ﬂ;mpel 129 allows
for the regulg(tgrz?gsgé%ﬁzoted based on the feedback to the pressure regulator component 116 from
pressure 5in the fuel plenum, and is fluidly coupled to a fluid plenum of the electrochemigfl cell system
Each of the cofRpBi1erms bitrrddhectreberdhitareriaiiscnrivg dlseskomsnGedbas e Rttible layered

structured as discussed above and below. In a further option, the %ﬁﬁ%ﬁn@i&conduit channels 130

include a gas dondii 2HSRFREY RABMRSIE Hord e AERYEK iy %@E%ﬁadelivery
channels are pgssible, suc wn.in Figures 5 . Referring to-Figure, 2, the manifold
118, such as tﬁ%‘""f&%ﬁ*ﬁﬁ?&@l@%ﬁﬁﬁ%&%@%@%’%}%ﬁ% %r?r%"e{ o%ﬁ%#%lé? Hin, flexible
featured layers..The layered structure is made small. nano-fabricati t_g‘{:hr%o ' or micro
fabrication tecﬁhlgfgcé i%%%g?’lnb%elee{;?ne p%f/%éo%g E'npor ?%‘éegﬁ%ﬂfgg%érﬁ%%%%ee ayergaé?oﬁrﬁgi]%tance,

processessfor RIGHHARAAAUA! R MRIIRG IRy Al el BreRQldtIest iR G luics

application processes, or chemical vapor deposition for forming a mask, and followed by a process

such as etching, Ja.addition, raatedialh fRruss iBJaRigating.haithin Syemd irustue includes, but is
not limited to, silicon, polydimethylsiloxiane, parylene, or combinations thereof. 20The featured layers

include one or fperedeatuesnIAe SRl stheteaduedidayrts abthe dayereehstricikethspvides a
gas-tight seal such that the featured layers are gas-tight. For example, a bond is provided with the

layers that is irppgsmeabladeenbtidcdndaitafiamekarBpiac ks haad coajuitesubsianidallypimpermeable
to hydrogen or any other fluid at or below 350 psi or 2.5 MPa. Examples of fluids include, but are
ports, channels, including conduit channels or delivery channels are possible, such as
10 shown in Figures 5 and 6.
Referring to Figure 2, the manifold 118, such as the fuel manifold 120,
includes a layered structure formed of multiple, thin, flexible featured layers. The
layered structure is made small, nano-fabrication technologies, and/or micro
fabrication technologies can be employed to produce and assemble the layers. For
15  instance, processes for producing and/or assembling the layers include, but are not
limited to, microfluics application processes, or chemical vapor deposition for
forming a mask, and followed by a process such as etching. In addition, materials for
use in fabricating the thin layered structure includes, but is not limited to, silicon,
polydimethylsiloxiane, parylene, or combinations thereof.
20 The featured layers include one or more features. In an option, the featured
lavers of the layered structure provides a gas-tight seal such that the featured layers
are gas-tight. For example, a bond is provided with the layers that is impermeable to
a fluid. In another example, the bond may be substantially impermeable to hydrogen

or any other fiuid at or below 350 psi or 2.5 MPa. Examples of fluids include, but are

25 ot limited to, hydrogen, methanol, formic acid, butane, borohydrides, water, air, or

12
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25not limited to, hydrogen, methanol, formic acid, butane, borohydrides, water, air, or 12
SUBSTITUTE SHEET (RULE 26) WO 2008/113182PCT/CA2008/000541 combinations thereof In

another optlorb Esp?ﬂg is substantially impermeable to fluid at or below }50ps] 5/306)511MPa In yet
another optlon fhe bond is substantlally |mpermeable to fluid at or below 15 - 30 psior.10 - .21 MPa.

The layered struct re allows f manifold to, be e th es not take u ynnecessary
volume, nor 541" H’@E@Q?. ih ;E‘ R APYR-dRS %%”érstﬁ‘é r"é‘ﬁ’ﬁl@ eIr':ﬂ’?p 21 temperature
requirements r f e ce S t. The muI le,Jayers, ca led together
by thermal bo rrg acfheilves s egﬁéﬁmsomgﬁgag@g ke dp E]ée r%riram)flgcefaﬁlgﬂgan be made
of relatively thlnl m!i%]% ng{? fhrtl'gr?j flrc]{follg 118 ﬁé'ﬂ%r an.Qptign, the

the 1 eature erst old 118

manifold 118, angior at ma e up the mani such as, but not limited to

the conduit 'ayar%&anﬁl@ﬁlm&a%%'ers LA LleAiRleRPeRIR IR RPeDeiafdiuR,pf about 1 - 5

mm. In a further option, the manifold 180, and/or the featured layers, and/or the conduit layer 122,

and/or thespathgriayeibaveyahenshiadive alnadesstthan: hautivicaadhisknessekasingle featured

layer, where the thickness is optlonally less than 151 mm to 200 microns. The flexible manifold can be

bent around casypaBgiRiss B MHIPRECRAONRGICCRASNEH S RHeVITRY bR lapnbemndeassembly
options for the electrochemical cell system. The fluid manifold 118 includes at least one featured

layer, such as eocphdutideyer B eledii ddridiparidhe d s tsslderibzdodindaneseldthgidecl 26. In an
option, the at 20least one conduit layer 122 is relatively thin, for example, compared with the length
The manifold 118 can be made of relatively thin layers of materjal, allowing
for the manifold 118 to be flexible. In an option, the manifold 118, and/or the
10 featured layers that make up the manifold 118, such as, but not limited to the conduit
layer 122 and/or the barrier layer, are flexible enough to have a bend radius of about 1
— 3 mm. In a further option, the manifold 180, and/or the featured layers!, and/or the
conduit layer 122, and/or the barrier layer have a bend radius of no less than about
twice a thickness of a single featured layer, where the thickness is optionally less than
15 1 mm to 200 microns. The flexible manifold can be bent around components, or
wrapped around components, providing greater number of assembly options for the
electrochemical cell system.
The fluid manifold 118 includes at least one featured layer, such as a conduit
layer 122 defined in part by a first side 124 and a second side 126. In an option, the at
20  least one conduit layer 122 is relatively thin, for example, compared with the length
and width. In an example, the thickness of the at least one conduit layer 122 is
generally less than about 1 mm. In another example, the thickness of the at least one
conduit layer 122 is about 5 pm — 1 mm. In an example, the width and length of the

layer 122 is about 1 mm and 100 mm, respectively. In another example, the thickness

25  ofthe at least one conduit layer 122 is about 100 pm, and the width and length of the
13
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and width. In an example, the thickness of the at least one conduit layer 122 is generally less than
about 1 mm. In another example, the thickness of the at least one conduit layer 122 is about 5- 1 mm

In an example, the width and length of the layer 122 is about 1 mm and ively. In
another exa%BI%:",Oﬁ%%%kness 250f the at least one conduit layer 122 is]‘%%&glfégﬁgr[%?gnd the width

and length of the 13 SUBSTITUTE SHEET (RULE 26) layer 122 is about 1 mm and 1 5mm,
respectively. TheniRRrisaharsltnanandth Xam-pesareisdtor gesribrosyenihejareth sBviRich the

manifold 118 is installed. In a further option, the thickness of the layer is gbout 10 - 500 micron,

and a dimensrisisf 76 exrRRit Gfdhn sTsieaeim 2ich the MBI ibkh 'S5 @HE nel depth, is 5 about 50

micron to 1 mm The layer is highly planar. sych th idth of the manifold is greater than about thirty
times the dimension BrRARE E6HAR O&ﬁ?ﬁ@%ﬂesér%tﬁéﬁ%’ﬁﬁ&%? ﬁ%g\}v?jd"fhgg fﬁlgrﬁféir?élfi Bortion of the

manifold is greater than three times the dimension of the conduit channel. Th least one conduit
BB AL e BB E R T30 PO e o oot Bt 2

layer 122 incl ahn erein. In-an option, t nduit layer 122

includes aspluzrlgg{x conéjui%lglfanneliﬁe%%)&Ep%i%%ygy%&%t%@lao%@er option, in each of

the conduilt layers 1 2 ih%np urality of conduit cha 130 are disposed adjacent one another in a

single layer. The gt eastone. ondulbonanne) d.cae alselana searss.and Ratigbregess or channel,

and is a conduit channelthat allows for matérial such as a fluid to flows 15 therethrough. The at least

one conduit chagnel 130,4NB0-YRIQBr axERs- heauahinaCRRIUIIRN A dramtike first side 124 to

the second side 126, as shown in Figure 2 and Figure 3A. In another option, the at least one conduit

channel 130 extenrdsomniyaaibalhye withimaumidahdhe conduit layer 122, as shown in Figure 3B. In yet
another option, the conduit layer 122 includes two or more conduit channels 130, within a 20 single

conduit layer. For exanyielcaoone okiicdnduit Xhawrheks 28Ravhice ecént ¢hannthé&3first side 124 to
the second side 126 can be disposed within the conduit layer
10 therein. In an option, the conduit layer 122 includes a plurality of conduit channels
130 in the conduit layer 122, and in a further option, in each of the conduit layers 122.
The plurality of conduit channels 130 are disposed adjacent one anotherin a single
layer. The at least one conduit channel 130 can also be a recess or a partial recess or
channel, and is a conduit channel that allows for material such as a fluid to flows
15  therethrough. The at least one conduit channel 130, in an option, extends through the
conduit layer 122, from the first side 124 to the second side 126, as shown in Figure 2
and Figure 3A. In another option, the at least one conduit channel 130 extends only
partially within a side of the conduit layer 122, as shown in Figure 3B. In yet another
option, the conduit layer 122 includes two or more conduit channels 130, within a
20  single conduit layer. For example, two or more conduit channels 130 which extend
from the first side 124 to the second side 126 can be disposed within the conduit layer
122, as shown in Figure 4. The two or more conduit channels 130 can include

recesses that extend partially within a side of the conduit layer 122 (Figure 3B) and/or

the conduit channels 130 can extend through the layer 122 (i.e. from the first side 124

14
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122, as shown in Figure 4. The two or more conduit channels 130 can include recesses that extend
phartiaII%/ Whithlin a side of the conduit layer 122 (Figure 3B) and/or the conduit channels 130 can extend
through the layer 122 (i.e. from the first side 124 14 SUBSTITUTE SHEET O
2008/11318 BW38881000541 and through the second side 126). T gg?%gﬁ}égﬁug\é\{nels 130 that
extend partially within the featured layer, optionally can be fluidly coupled with one another. The two or
more conduit ahishrelghliBe sanmdeside s ﬁﬁiﬁ%@ﬁéﬁm@ﬁ%@r@%@%%@&%uit layer 122 such
that they do not intersect with one another in the 5 conduit layer 122, Alternatjvely, the two of more
conduit channebin 3edantusedibryaneniiem roamhs fIrghr CQried SR WS I Ryer 122 such that they

do intersect with one another or are fluidly coupled in the conduit layer. 122. The conduit channel 130
extends along the cOHEGTIRFPAS OB W%Hﬂé‘ﬁé’rmwgﬁq ril?é’ g‘?lg%%erethrough.

In an option, the conduit channels 130 and/oy ports are sizeg and 10ﬂt%osition so that flow

therethrough RS- IR EIBHVE [isichedat mﬂr%d“\%fﬁ aht

ect One anofiel i he.
y of the embodiments 8lscussed above

or below. For exampje, the_conduit chanpels 130 and/or port [ Tagt]] fgﬂg&put the
manifold S0 tﬁ&?ﬁ%\ﬂ?ﬁ@r aﬁroérﬁr%atﬁéﬁ{%égﬁc eodogf/n ¢ eﬁ?\%ﬁﬁ&%ﬁ%ﬁ%@?&%ﬁ size of the

channels or potts, 1n a Iurther oPtoR- NGCondult ERAPTSISALE AelvRty &hamists: wiere the
one another or are fluidly coupled in the conduit layer 122. The conduit channel 130
extends along the conduit layer 122, and allows for material such as fluid or fuel to
flow therethrough. In an option, the conduit channels 130 and/or ports are sized and
10  positioned so that flow therethrough is non-restrictive, which can be combined with
any of i‘:he embodiments discussed above or below. For example, the conduit
channels 130 and/or ports are sized similarly throughout the manifold so that flow
therethrough is not restricted by changing the cross-sectional size of the channels or
ports. In a further option, the conduit channels are delivery channels, where the
15  channels deliver fluid such as a fuel. In a further option, the conduit channels include
a feedback channel, for example for varying actuation of a regulator based on the
pressure in a fuel cell fuel plenum. In yet another option, the conduit channel is a gas
conduit channel.
In a further option, the conduit channe] includes a channel having a surface
20  allowing for non-restrictive flow. For example, the conduit channel has a surface
roughness that is 1/50™ of the hydraulic diameter of the channel. In a finther option,
the fluid for the conduit channel includes a gas, such as a low viscosity fluid that
reduces inhibitive capabilities of the channels, including, but not limited to, hydrogen.
In another option, a conduit channel such as a first recess 132 can be formed

95 on the first side 124 of the conduit layer 122, and a second recess 134 can be formed
| 15
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15channels deliver fluid such as a fuel. In a further option, the conduit channels include a feedback
channel, for example for varying actuation of a regulator based on the pressure in a fuel cell fuel

plenum. In yet anoth?r ggtion, the conduit channel is a gas conduit chanr}%,{‘t}&%& g§49ption, the

conduit chanhelNiUdE¥ a channel having a surface 20 allowing for non-restrictive flow. For example,
the conduit channel has a surface roughness that is 1150th of the hydraulic diameter of the channel. In
a further optiom, irestieindisideh 26 ov dostcsmaniidaypciddebetrbediehrgeess g sty fluid that
reduces inhibitive capabilities of the channels, including, but not limited to, hydrogen. In another
option, a condereBRaPAsEs StHBE HresTerbsedey! Snghedisendsde fh’%"ﬁgéfcgi 124 of the
conduit layer 122, and a second recess 134 can be forme 1%SUBS ITU SnHEEiI' SRULE 26) on
the second sigRFUFEBIRthES ORI TEFRPESIOWM e B St FOR REENES SRR R BRZE Y recess 134 do

not necessarily extend from the first side 124 through to the second side,126. 1 xample shown in
Figuro 5C. thaXGEER T AEREHTHANS O S L e s S0 L

es are disposed on opposite sides of the conduit

layer 122, allowing. for S5material tq travel therethro i Ig%- %gggq%pgn%gigg&%ge 124 and the
second sﬁde 11%%%35) Téraggﬁ%ﬁfte%f/%urg%ﬂﬁheafﬁ8?%%% éﬁ%n,#s formed of metals, plastics,
elastomers, or. sites, or a combination thereof. The at least one conduit channel 130 is formed

within and/or tsﬁroug  the layer 122, in an option. For example, the at
The conduit layer 122, in another option, is formed of metals, plastics,

clastomers, or composites, or a combination thereof. The at least one conduit channel
130 1s formed mﬂun and/or through the layer 122, in an option. For example, the at

10  least one conduit channel 130 can be etched or stamped on, within and/or through the
layer 122. In another option, the at least one conduit channel 130 can be drilled
within and/or through the layer, formed with a lasex, molded in the layer 122, die
cutting the layer 122, or machined within and/or through the Jayer 122. In an option,
the at least one conduit channel 130 has a width of about 5 to 50 times the depth of

15  therecess. In another option, the at least one conduit channel 130 has a width of
about 1 mm —2 mm. In yet another option, the at least one recess has a width of
about 50 — 100 pm.

One of the featured layers of the manifold 118 further optionally includes at

least one barrier layer 140, as shown in Figure 2. The barrier layer defines a portion

20  ofthe conduit channels 130, for instance a wall portion of the conduit channel 130. In
a further option, the manifold 118 includes a first barrier layer 142 and a second
barrier layer 144 disposed on opposite sides of the conduit layer 122. For example,
the first barrier layer 142 abuts and seals against the first side 124 of the conduit Jayer
122, and the second barrier layer 144 abuts and seals against the second side 126 of

25 the conduit layer 122. This allows for the conduit channel 130 to be enclosed and
16
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10 least one conduit channel 130 can be etched or stamped on, within and/or through the layer 122. In
another option, the at least one conduit channel 130 can be drilled within and/or through the layer,

formed with @ laser, molded in the layer 122, die cutting the layer 122, or [Lr} ﬁ%ﬁh«l and/or
through the ?gs{/)ezroﬂg&].Sfﬁzan option, the at least one conduit channel 130 égi?gwﬁ tﬁ T:’a?bout 5to 50
times the depth of 15 the recess. In another option, the at least one conduit channe] 130 has a width of

about 1 mm -farmm cémduit Gentle rbptonatpiiahitrral orhe hesdeslnwssl drald dFab¥ut 50 - 100 um.
One of the featured layers of the manifold 118 further optionally includes at least one barrier layer 140,
as shown in Rigurted withdhsaensuislaien ShhdS RN %ﬁ%‘é’l&,‘&q&ﬁi’t% 58, for instance a
wall portion of the conduit channel 130. In a furjéeré%%%on, the m%nigold_l 8 iQ%'(;ﬂQfleJirSt barrier
layer 142 andbansins iRPBAANER Rh/ 85T PG00 SHFEFL I s IR SBP e X8R dUitlayer 122. For
example, the first barrier layer 142 abuts and.seals agajnst the first side 124 of.t nduit layer 122,
and the secorftiba @?—‘fg‘;’lé@ﬁi%%ﬁf&%ﬁ’%%“&@ %’55%12252 %sgaé%gégo ée&ée%fgl %i gSt%e conduit layer
122. This allows for the canduit channgl 130 to be.en A6 SMBRTITYTE SHEET (RULE 26)
form a co%dui?Wélﬁgﬁ %%%%%ﬁ%ﬁéﬁaﬁ%\%@q’%’et%a?rr?egﬁil?g’fcsi 142, 144 can Be coupled with the

condut laver 422, (0 EAIE SuLISHIIBC i etoa e dtRs oRdiectiigues, flase

welding. In a er optior, the Barrier 142, 144 and a featured layer such as the conduit layer

122 are stackeg fagether. and:iuihemaopianallyealed tnaetashinE cnexampletbedayars 122, 142,

144 are stacked and optionally coupled together through thermal bonding, adhesive bonding, gloing,

soldering, ultrggepic welding; fiffusiomBonsingiheatiseqlingaainats aifiusther bpfianntayers 122, 142,
144 are joined by gluing with cyano acrylate adhesive. In yet another option, layers 122, 142, 144
could be built ypiandseieativelsetaradasdbeontifos 40NEMSEehdmbintegiatkaciiauits.
10 MEMS and/or integrated circuits.
The layers 122, 142, 144, in an option, include one or more bonding regions
369 allowing for flowing adhesives or other bonding agents so that fayers can be
bonded without the functional components, the conduit channels, or ports also being
bonded. In a further option, the one or more featured layers include barrier features,
15  such as, but not limited to, physical barriers such as ridges, or recesses and/or
chemical barriers that separate bonding regions from functional regions and/or
prevent bonding material from entering function regions.
In a further option, the featured layers can form one or more of the barrier
layers 142, 144 including one or more ports 150 therein. For example, the one or
20  more poris 150 can include an inlet 152 and an outlet 154. The inlet and outlet 152,
154 are positioned within the barrier layer 144 such that they are fluidly coupled with
the conduit channel 130, For example, the inlet and/or outlet 152, 154 are positioned
adjacent to at least one conduit channel of another featured layer, for example as

shown in Figures 2 and 4. Material such as fluid fuel can travel in through the inlet

25 152, through the conduit channel 130, and out of the outlet 154. The one or more
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The layers 122, 142, 144, in an option, include one or more bonding regions 369 allowing for flowing
adhesives or other bonding agents so that layers can be bonded without the functional components,

the conduit channegl/s]lrs)lr8 orts also being bonded. In a further option, the p@ﬁ@};m;ﬁ]ggﬂtured layers

include barri‘gr()fé{g{ures, 5 such as, but not limited to, physical barriers such as ridges, or recesses
and/or chemical barriers that separate bonding regions from functional regions and/or prevent bonding

material from patesrikg erawiis {lpid rompmicaioproeerbProR R L 4t6 AR RFRPSRER 9rm one or
more of the barrier layers 142, 144 including one or more ports 150 theé%lg. Far exarﬁnLP e, the one or

20more ports TherBaReimanidi bR iR caupedntieh aSuR S ATHHE it Bt182 154 are

positioned within the barrier layer 144 such that they are fluidly, coup| ith the conduit channel 130.
For example, (ReRBchHarBs ol 185e fgﬂraa‘é’ %béiiﬁ%nL@a@}%ﬁ%ﬁﬁ%&%%%%nduit channel of
another featured layer, for example as shown in Figures 2 and 4. Materi uid fuel can travel

in through the RRIS e con , and out of the outlef 154. The one or more

17 SUBSTITUIE SHEET.(RULE 26) parts 150 0MOYl JWSheimiisalsryhieiueap e manifld 118

and componen Ich the mani 0 Is coupled, such as, but not limited to, a fluid enclosure

such as the fuﬁ# 189614 9 EIguiG d-xiohihe: ek ekl A2 dfeigide . TigongepragOre ports 150 can

further provide tluid communication within the manifold 118, for 5example, between various featured

layers. It should be noteghdhalitis: possierdmuss thedsanifalt Idamse firddispidutian system where
there is a single inlet and multiple outlets so that the manifold 118 feeds multiple locations, for example

on a fuel cell laygrcdinRfiidsHesnbie withitheithanifeishird B intiudelntie arearatdirtiitéttddo fuel,
hydrogen, water, coolant, or oxidant. 10In a further option, a filter element 131 can be incorporated
into a part of thgel, hydrogen, water, coolant, or oxidant.
10 In a farther option, a filter element 131 can be incorporated into a part of the
flow path. For example, the filter element 131 can be disposed within the conduit
channel 130, as shown in Figure 3A. In another option, the filter element 131 can be
disposed within the ports 150, such as the inlet 152. The filter element 131 can
include a porous substrate or a flow constricting element. In another option, the filter
15  element 131 can define the conduit channel 130. The filter element 131 disposed
within the conduit channel 130 and/or the ports 150 assists in preventing collapsing of
the conduit channel 130 and/or port 150 for instance, when the fuel manifold 120 1s
bent around itself or other components within the fuel cell assembly. In a further
option, the conduit channe] 130 extends along the conduit layer 122, and the conduit
20  channel 130 is defined by a length. The filter element 131, in an option, extends
along a portion, or the entire length of thg conduit channel 130. In an option, the filter
element 131 is a porous substrate.
Figures 4 and 5 illustrate additional options for the manifold 118, where the

fluid manifold includes multiple featured layers. Referring to Figure 4, the fuel

25 manifold 120 includes the at Jeast one conduit layer 122, a first barrier layer 142, and
18
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flow path. For example, the filter element 131 can be disposed within the conduit channel 130, as
shown in Figure 3A. In another option, the filter element 131 can be disposed within the ports 150,

such as thewbe%ﬁ%ggmwze filter element 131 can include a porous substraie;qr & flaweeenstricting
element. In another option, the filter 15element 131 can define the conduit channel 130. The filter

element 131 disposed within the conduit channel 1,30 and/or.the ports 150,assists, in preyenting
collapsing of tRetsHdIREIRAMEr 146 M/@%é’ﬂ%@%ﬁiﬂié&ﬁ%ﬁ ﬁ%‘%??ﬁ}?&é‘?‘ﬂf‘a‘féjﬁfﬁéflzo is bent

around itself or other components within. the fuel cell assembly. In g further option, the conduit channel
130 extends a@ﬁ%@ﬁé’r& dﬁ‘ﬁ%@fé‘}sl]zg’, ﬁ%e%%n%ifﬁa%%%acﬁﬁgfl@@’% gﬁe)#iﬁ?éc V'a length. The
filter element 131,.in an option, extends along a peytion, or irg le Q%}ﬁ? conduit channel
130. In an optigon?(%ﬁlé (f?f er 8%9%@?1%%%% ?cgg?o%%’s%%%ﬁ%ggﬁ‘%%ﬁé’%g&nd 51 ugtrate additional

options for the (ANGIA 418, el TG mANEIdIneiudas Tuiale opiuies aness eferring to

Figure 4, the fuél 25m 201n s the at least one conduit layer 122, a first barrier layer 142,

and 18 SUBSTUTTIEISIAERT (L 28), WOWA0BIHEARAT (6200810005 saeqond barrer
er

layer 144. The first barrier layer 142 and the second barrier layer 144 include one or more ports 150
therein. The atigagienaqondiihiayes hdd doslHiRScation. The barrier layers 142, 144 can be

coupled with the conduit layer 122 using, for example, but not limited to, adhesives,
bonding techniques, or laser welding. In a further option, the barrier layers 142, 144
and the conduit layer 122 are sealed together.

10 Figure 5 illustrates another example of a manifold 118, which also includes
multiple featured layers. For instance, the manifold 118 includes multiple featured
layers including at least two conduit layers 122, a first barrier layer 142, a second
barrier layer 144, and a third barrier layer 146. The conduit layers 122 for the various
embodiments herein can serve as a barrier layer and conduit layer, and various

15  features such as ports or conduit channels, or partially recessed channels can be
formed in one or more of the featured layers, alone or in combination. The layers
include at least one conduit channel. The conduit channel includes, but is not limited
to a delivery channel, or a feedback channel.

A first conduit layer is disposed between the first barrier layer 142 and the

20  second barrier layer, and a second conduit layer is disposed between the second
barrier layer 144 and the third barrier layer 146. It should be noted that additional
layers, including conduit layers and barrier layers could be incorporated into the
manifold 118 for additional material flow options.

The first barrier layer 142 and/or the second barrier layer 144 inciude one or

25  more ports 150 therein. It is possible for the third barrier layer 146 to further include
19
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conduit channels such as a first recess 132, a second recess 134, and a third recess 136. The first,
second, and third recesses 132, 134, 136 extend in a pattern within the 5 conduit layer 122, and line
up with their&%s%ﬁjgﬂ}éﬁ&orts when the layers are stacked together, suchjhat there is flyid
communication. The barrier layers 142, 144 can be coupled with the conduit layer 122 using, for
example, but not limited to, adhesives, bonding techniques, ar laser yéxllleldligg. In a further option, the

barrier layers 198 T A ERPHC! BRIy EieB S fo L alivy HdRaar I8 HEn e LiftSP4tes another
example of a manifold . which also includes multiple featured layers. Far, instance, the manifold
118 includes nﬁ%ﬁl@%ﬁ%ﬁé@b& af{;f\ﬁ@ﬁraﬁ%gs%‘? ﬁ%&eﬁ%g@o‘%q&f‘éﬁ%”ﬁz‘?%i?g? bzflfr}r‘f’er layer 142,
a second barriey javer 144, and A ibhaieriaver 119, The condul iavereatPafartigarious
embodiments Rerain Can‘ Serve as a barrier ayer and condut ayetr, angvarloUs %‘ eatu\ées such as

ports or condulLchaRnals, OfiBAlAl (BRI AI NG HEARR UBRAMABEAMAE of (he featured

layers, alone or in combination. The layers inClude at least one conduit channel. The conduit channel

ncludes, byt s mesig: e chaneh.tad spabink caRneh sk condiit layer s

disposed between the first barrier layer 142 and the 20 second barrier layer, and a second conduit
layer is disposed betvwgenihespeerd bartier, layetdide antdghe Wiktikacteddayeyetd 621 should be
noted that additional layers, including conduit layers and barrier layers could be incorporated into the
manifold 118 fanesditiphabmaiariahflenqpiaagses, bonding fidtbquisicbtdyesr W4Riand/at she second
barrier layer 144 include one or 25more ports 150 therein. It is possible for the third barrier layer 146 to
thither include &8t BSDH] Uit BaBiE BTe(RULEI26) 11WQ@:ZI008 /A8t B2BETF/QA2008/060541 one or
more ports 150 therein The ports 150 allow for material to flow in to and out of the manifold 120, and
further to flow legeteen The vaitipl dagondineleadiogsiofamirddayerssindies HormidalpserE2?2 includes one

or more recesses therein 130. The multiple recesses align with their respective ports when the layers
are brought togagHes e eonduit layers allow for a flow path. In an option, a first flow path allows

for fluid, such as gas, to be distributed on two more layers, where the first flow path
extends from a first featured layer to a second featured layer. In yet another option,
the flow path returns from the second featured layer to the first featured layer. In still
another option, the first flow path circumnavigates a second flow path.

15 The fluid manifold provides a layered structure allowing for fuel distribution
in a relatively small amount of space. For example, the fuel system can be made with
an overall thickness of about 50 — 100 um, or in another example the overall thickness
is about 20 — 100 pm. The fuel cell fuel manifold further allows for the transport of
fuel, such as gas, while maintaining certain levels of pressure. For instance, hydrogen

20  gas can be distributed through the layered structure of the fuel manifold while
pressure in the range of 2 — 10 psig.

The fluid manifold interacts with or can be coupled to the fuel cell or other
system components using adhesives working over comparatively large surface areas

to that the force due to internal fluidic pressures that is forcing the components apart

20
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S5example, by stacking the layers together and optionally sealing the layers. The barrier layers 142,
144, 146 can be coupled with the conduit layers 122, for example, but not limited to, adhesives,

bonding techni g&,l}%%gser welding. In a further option, the bather layers 342, hidackdf and the
conduit layers 122 are sealed together. The various layers, including the featured layers and/or the

barrier layers 10 and/or the conduji layers allow.for a flaw path. In an option, a first flow path allows for
i, such s JSS T B A T ePE TS Ot g e et THEL R AT BREER 6o a ire

featured layer %% ﬁ%’ se e?{‘c?e]?%ﬂ{d%dn@éeqﬂtr}ﬁeg ar otrigg% ‘{Q‘F{%@ éﬁg Sf %Vﬁ/ a-tth returns from t.he second
featured layer to the first featured layer. Tn still another option, the first flow path circumnavigates a

second flow path. 15 ATIH%MM@H@M%%%%@%%SSEHQHE%tglé%%{émwﬁﬁ%ﬁ cg!fl%tribution ina

relatively small amount of space. For example, the fuel system can an overall thickness

of about 50- 100, 4 Pl RAIRRL S anapledhe oy el NIk eSS s ABRMIAx#Q04im: The fuel cell

fuel manifold further allows for the transport of fuel, such as gas, while maintaining certain levels of

pressure. For ingiange, hyseaan 26, aasimkandee.aistibuedhiguah foellayaies stietaes, of the fuel

manifold while pressure in the range of 2- 10 psig. The fluid manifold interacts with or can be
coupled to the Huglogel, ef«aiaesisysiemntg RiRass sz agAbhesk/es Weskngioyer mamparatively large
surface areas to that the force due to internal fluidic pressures that is forcing the components apart 20
SUBSTITUTE 1Séfiectd Tugidiell iscRGlesfiOn2098/id 3¥82BGHI CARRNBHAO0H4 1 Theeasiljutvercome by the
strength of the adhesive bond. A high internal pressure can be counteracted with a bond that has a
relatively low tehasifelstieioih. Wiastivod lindledés nlodhanirds/ifseltegkitmmeuel fioverfiuid manifold,
the manifold including two or more featured layers each having a plurality of conduit 5channels. In an
example, the feepARiides a gas such as, but not limited to, hydrogen, hydrogen, methanol, ammonia,
silanes, formic acid butane, or borohydrides. The method further includes flowing fluid through the

conduit chAnn&fer eriinnd R dhamrdhotru aiobiorar b inimes the rehedorheraledback

channels, or delivery channels.
?nc ud)és provz%?ng fuel to a fuel cell assembly, where the fluid manifoid is fluidly

coupled with the fuel cell. The method optionally includes flowing material from a
first layer recess of a first conduit layer to a second layer recess of a second conduit
layer, and/or flowing material through a porous substrate within at least one of the one
15  or more conduit channels, and/or providing a heat transfer fluid to a electrochemical
cell system through the conduit channels. The method further optionally includes
providing oxidant to a electrochemical cell system through the conduit channels or
removing water from the electrochemical cell system through the conduit channels.
Further options for the method are as follows. For instance, flowing fluid
20 through one or more conduit channels includes fiowing fluid along a partially
recessed channel in the conduit layer, and/or flowing fluid through one or more
conduit channels includes directing material along a first partial channel in the first
side and along a second partial channel in the second side. In another option, the
method further includes coupling with a charge port, and/or coupling with fuel

25  storage. In still another option, the method further includes distributing fluid on two
21
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10Several options for the method are as follows. For instance, the method optionally includes
providing fuel to a fuel cell assembly, where the fluid manifold is fluidly coupled with the fuel cell. The
method optl%rz?ai%éﬂ%%fs flow!ng material from a_flrst Iayer' recess of a fisteansiakiaya" to.a §econd
layer recess of a second conduit layer, and/or flowing material through a porous substrate within at
least one of the one 150r more conduit channels and/orggrovidin a he ttraggfer %L#g to a
electrochemicalmet sysseiarblsgr MHEEdMITRERR $inHIs Honp Bhtishally includes
providing oxidant to a electrochemical cell system through the conduit channels or removing water
from the electieréprsthiagrrdaIPSysmah i ﬁ%’@ﬂﬁﬂfﬁ%‘@%ﬁgﬁ u?ﬁ?g?%% onstorthe method are
as follows. For instance, flowing fluid 20 through one or more conduit channels includes flowing fluid
along a partia?ﬂ/%gg%%& &fin the conduit layer, and/or flowing fluid through one or more
conduit channels imﬁjﬂg es directing material along a fitst Q{Q%&QR{&E{GE&IQ%Q%%Q@H?J‘M along a
second partial channel ﬂ?gcgggé%gﬁ?? Ierfelﬁnén%%ﬁ%e?nogp?ﬁ)n,t e method further includes coupling with

a charge port, ara%/{artﬁgzlég%@gwiiﬁ ﬁﬁlé‘%sﬂ £§9£-f59n§%b§ﬂ@1@}@61‘9@99ﬁ1 thedpathersfurther includes

distributing fluief on two ET (RULE 26) or more layers via at least a first
towpath, the f%gt&gggﬁﬁ@%@g%%%&ﬁm adistisatwstdayardan sesanshicayracdayer, and returning

from the second feature e first featured layer. In the description of some embodiments of
the invention, referencs:has heeh@addatie sesempany ingitkavangs:tast ibenughpart hereof, and

in which are shown, by way of illustration, specific embodiments of the invention that may be practiced.
In the drawingg,|ikedmirrials tasssibatsdisaniiallydsierkedconmpiivensitadugleogile
those skilled in the art to practice the invention. Other embodiments may be utilized
10 and structural, logical, and electrical changes may be made without departing from the
scope of the invention. The following detailed description is not to be taken in a

limiting sense, and the scope of the invention is defined only by the appended claims,

along with the full scope of equivalents to which such claims are entitled.
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the several views. These embodiments are described in sufficient detail to enable those skilled in the
art to practice the invention. Other embodiments may be utilized 10 and structural, logical, and
electrical changes may be made without departing from the scope of the invention. The following
detailed description is not to be taken in a limiting sense, and the scope of the invention is defined only
by the appended claims, along with the full scope of equivalents to which such claims are entitled. 22
SUBSTITUTE SHEET (RULE 26) Claims 1. A flexible fluid manifold comprising: two or more featured
layers igglyging at least one conduit layer; and the conduit layer having a plurality of conduit
channels therein, the plurality of conduit channels disposed adjacent to one another within a single
featuredlayer ﬂe%\’l@r%‘?ﬁdtﬁél‘f%@ﬂmﬂs%ﬁﬁhifold has a bend radius of no less than about twice a
thickness of a giogledeaturadiay elves ihBRdnanialdastectadun ekaifmahdwherein the thickness is
less than 1 mm to 200 microns. 3. The manifold as recited in any of claims. 1 -2, farther comprising at
loast one barrBF EYRPHHEST BB AL B LA S RGP LR CHEHele, 4. The
manifoldrastesiteshinadmdat ehainsik s3pmberathionsiagmtrsnotdievieatured layers define a port
fluidly coupled v#th attlheﬁaﬁt ane gft e co Athchar])nel 'ra&f Th? mzilgif%gaggbrectitt%cllcie:naany of claims 1
-4, wherein the" i&%Ble fiuidianitol gglé)%ena Fagius Of about T -5 mm. -0

thickness of a single featured layer.

2. The manifold as recited in claim 1, wherein the thickness is less than 1 mm to 200
microns.
3. The manifold as recited in any of claims 1 - 2, further comprising at least one barrier

layer, the at least one barrier layer defining a portion of the conduit channels.

4. The manifold as recited in any of claims 1 - 3, wherein one or more of the featured layers

define a port fluidly coupled with at least one of the conduit channels.

5. The manifold as recited in any of claims 1 - 4, wherein the flexible fluid manifold has a

bend radius of about 1 - 5 mm.

6. The manifold as recited in any of claims 1 ~ 5, wherein at least one of the conduit

channels extends only partially within one of the featured layers.
7. The manifold as recited in any of claims 1 - 6, wherein a first side of one of the featured
layers has at least one first partial recess therein, and an oppesite second side of the featured

layer has at least one second partial recess therein.

8. The manifold as recited in claim 7, wherein the at least one first partial recess is {luidly

coupled with the at least one second partial recess.
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6. The manifold as recited in any of claims 1 -5, wherein at least one of the conduit channels extends
only partially within one of the featured layers. 7. The manifold as recited in any of claims 1 -6,
wherein a first side of one of the featured layers has at least one first partial recess therein, and an
opposite second side of the featured layer has at least one second partial recess therein. 8. The
manifold as recited in claim 7, wherein the at least one first partial recess is fluidly coupled with the at
least one second partial recess. 9. The manifold as recited in any of claims 1 - 8, wherein the
featured layerggie stackadandikandedfegethers 108 Therapnifeldastaciosinany-ek&ainas 1 - 9,
wherein the featured layers have a gastight seal with one another. 11. The manifold as recited in any
of claimordeddogitisiein one or more of the conduit channels includes a porous substrate therein. 12.
The manifold as recited in any of claims 1 - 11, wherein the conduit channels have a channel
dimension, and the manifold has a manifold width, where the m r]%ifold width is apout 20 to 30 times
the chahftel diﬂ%ﬁi‘ﬂ@fﬁsﬁ‘éiﬁ‘#&ﬁi?&%%@]t‘aégffe{:l“iﬁ’%?ﬁ%@l gRIefo B rENT thé“st least one
flexible figig spanifelcbhasmiiiekness of less than about 1 mm. 14. The manifold as recited in claim 1,
wherein the at least one of the one or more conduit channels extends only partially within one of the
featured layers. 15. The manifold as recited in claim 1, wherein the featured layers are stacked and
bondeditbgethEle téniThid maeifcld asngcifedaimslaini 4, whterzinthefeaturell tteyarsdare arranged to
provide a gasstight,seal with one another, 17. The manifold as recited in claim 16, wherein the
gas-tigh%lé%lal\ %Ssggﬁ usgt%snati%ﬂgf?r%%%ﬁéggé & to Hluid at about 15 to 30 psi gauge pressure. channels
includes a porous substrate therein.

12.  The manifold as recited in any of claims 1 - 11, wherein the conduit channels have a
channel dimension, and the manifold has a manifold width, where the manifold width is about 20

10 30 times the channel dimension.
13.  The manifold as recited in any of claims 1 — 12, wherein the at least one flexible fluid

manifold has a thickness of less than about I mm.

14, The manifold as recited in claim 1, wherein the at least one of the one or more conduit

channels extends only partially within one of the featured layers.

15. The manifold as recited in claim 1, wherein the featured layers are stacked and bonded
together.
16.  The manifold as recited in claim 1, wherein the featured layers are arranged to provide a

gas-tight seal with one another.

17.  The manifold as recited in claim 16, wherein the gas-tight seal is substantiaily

impermeable to fluid at about 15 to 30 psi gauge pressure.
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19. The manifold as recited in claim 1, wherein the at least one flexible fluid manifold is adapted to
deliver hydrogen gas. 20. The manifold as recited in claim 1, wherein the at least one flexible fluid
manifold comprises a plurality of conduit channels. 21. The manifold as recited in claim 20, wherein
the plurality of conduit channels are disposed adjacent one another in a common featured layer. 22.
The manifold as recited in claim 20, wherein the plurality of conduit channels are fluidly coupled to one
another. 23. The manifold as recited in claim 1, wherein the one or more conduit channels are formed
by etching, stamping, drilling, a laser, molding, die cutting, machining, or combinations thereof 24. The
manifold as recited in claim 1, wherein the two or more featured layers are coupled by thermal

bonding sadhesivahondinmsseldedng claisasonicweldiro Guingndiffusioombending beatsealing,
adhesives, or combinations thereof 50 times larger than a depth of the conduit channel. 26. The
manifolghastasiiesd ineslaipordunvhereindhiefemtured layers comprise a metal, a plastic, an elastomer, a
composite, or combinations thereof 27. A electrochemical cell system comprising: at least one fuel cell
layer; at least one flexible fluid manifold as recited in any of claims 1 - 26, the at least one fluid
manifold fluidly coupled with the at least one fuel cell. 28. The electrochemical cell system as recited
in claim127, fufthe ncomfpldsingea fdith ehdtodureheonmiiumic tase ke dlgplibl With thherafdlskist one fuel cell
layer via the at least one flexible fluid manifold. 29. The electrochemical cell system as recited in any
of claimsi2ne@8; figitherineimgasiges.one or more strain absorbing interfaces between and in contact
with at least one fluid enclosure and at least one of the featured layers. 30. The electrochemical cell
system as recited in any of claims 27 -29, wherein the at least one flexible fluid manifold is a fuel

manifold. . _ _
20. The manifold as recited in claim 1, wherein the at least one flexible fluid manifold

comprises a plurality of conduit channels.

21.  The manifold as recited in claim 20, wherein the plurality of conduit channels are

disposed adjacent one another in a common featured layer,

22.  The manifold as recited in claim 20, wherein the plurality of conduit channels are fluidly

coupled to one another.

23. The manifold as recited in claim I, wherein the one or more conduit channels are formed

by etching, stamping, drilling, a laser, molding, die cutting, machining, or combinations thereof.

24.  The manifold as recited in claim 1, wherein the two or more featured layers are coupled

by thermal bonding, adhesive bonding, soldering, ultrasonic welding, gluing, diffusion bonding,

heat sealing, adhesives, or combinations thereof.

25



31. The electrochemical cell system as recited in any of claims 27 - 30, wherein the at least one
flexible fluid manifold includes one or more of a heat transfer manifold, an oxidant manifold, or a water
removal manifold. 32. The electrochemical cell system as recited in any of claims 27 -31, further
comprising at least one barrier layer coupled with the at least one conduit layer, the at least one barrier
layer defining a portion of the one or more conduit channels. 33. The electrochemical cell system as
recited in any of claims 27 -32, wherein any one of the featured layers includes a feedback channel
fluidly cosipledri afldiehRlenusielithecfuel celkhd4inThe atacirashesidat ceihsysierbas tegited in any
of claims 27 - 33, wherein the at least one flexible fluid manifold interfaces with and has an adhesive
bond with eResaameracompaersief dheieledisaabemical cell system. 35. The electrochemical cell
system as recited in claim 34, wherein a bond strength of the adhesive bond is lower than an internal
pressure of the at least one fluid manifold. 36. The electrochemical cell system as recited in any of
claims 27 -35, wherein the at least one flexible fluid manifold interfaces with one or more of a charge
port, or Zfluiditheantidksijdsie neci@d ikchasthibdvberapribintpatureintrpeha cirmgitsield mgtal flexible fluid
manifold, the manifold including two or more featured layers including at least one conduit layer, the
conduit féastic havitgtampturalitynap cordeitchimrsisrdidpeeld adjacent to one another within a single
featured layer, wherein the flexible fluid manifold has a bend radius of no less than about twice a
thickness of a single featured layer; and flowing fluid through the conduit channels. 38. The method as
recited E‘7,Clai"A%7&@5%%&99&?9&??&85%948&&1 | to a fuel cell layer, where the flexible fluid manifold
is fluidly coupled with the fuel cell. 39. The method as recited in any of claims 37- 38, wherein flowing
fluid includes fidlehsg Muidupbealblayet layer recess of a first conduit layer to a second layer recess of a

second conduiflayer oné@eIie Neibad At Igalecinany Sk aimsY - 3% wheseibatowiagifluid
through the conduit channels includes flowing fluid through a porous substrate within at least one of

the one®B#HiBIE RyABLFOERkHIG theatteast ARsHBE &ltecited in any of claims 37 - 40, wherein flowing

fluid through the conduit channels includes providing a heat transfer fluid to a electrochemical cell
system through the conduit channels. : . :
y 28. gThe electrochemical cell system as recited in claim 27, further comprising a fluid
enclosure communicatively coupled with the at least one fuel cell layer via the at least one

flexible fluid manifold.

29. The electrochemical cell system as recited in any of claims 27 - 28, further comprising
one or more strain absorbing interfaces between and in contact with at least one fluid enclosure

and at least one of the featured layers.

30.  The electrochemical cell system as recited in any of claims 27 - 29, wherein the at least

one flexible fluid manifold is a fuel manifold.

31.  The electrochemical cell system as recited in any of claims 27 - 30, wherein the at least
one flexible fluid manifold includes one or more of a heat transfer manifold, an oxidant

manifold, or a water removal manifold.
32, The electrochemical cell system as recited in any of claims 27 - 31, further comprising at

least one barrier layer coupled with the at least one conduit layer, the at least one barrier layer

defining a portion of the one or more conduit channels.
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42. The method as recited in any of claims 37- 41, wherein flowing fluid through the conduit channels
includes providing oxidant to a electrochemical cell system through the conduit channels or removing
water from the electrochemical cell system through the conduit channels. 43. The method as recited
in any of claims 37 -42, wherein flowing fluid through one or more conduit channels includes flowing
fluid along a partially recessed channel in the conduit layer. 44. The method as recited in any of
claims 37 - 43, wherein flowing fluid through one or more conduit channels includes directing material
along a first partial channel in the first side and along a second partial channel in the second side. 45.
The method as recited in any of claims 37 - 44, further comprising quidI3y coupling the fluid manifold
with a chiarge pBREIAEOFRRITRAHNGH SIS RS GeRtethiP SRUISINTE S 245 Rurii B8 AbrEs P Huidly
couplingnthe dluisdmaeifoiscwilbsa fleddiackiasmie] 4didihesnsihive asledifbaimanytef foldined. 37 -46,
further comprising distributing fluid on two or more layers via at least a first flowpath, the first flowpath
extending from a first featured layer to a second featured layer, and returning from the second featured
layer toxhe firgtiealmestlryacal48i] Bhemeathogias! iacitecincbniym ol tlaihs:3itreidthovitdraim flowing

includes fowinga g Iuaual e condul ehannels. 49,08 Dethiad s Griad g.any of claims 37 -
48, further comprising forming a fluidic connec lon between components, tﬂe met%od including a use
of adhesivapooephindgshefepramesiypicel acfaves:rs0. A flexible fluid manifold comprising: two or
more featured layers including two or more non-restrictive conduit layers including a first conduit layer

and a second conduit layer; the first and second conduit layers each having at least one conduit
channeBhe fildtecdpeitatheyeic shackststorhaisdisdond ebnddit Yeirsrin 2 boadisgensthsatidistributing

fluid on twp.or gt kRysEs,hefistfioupash.exending liama frstdertusd ayer to a second featured

layer; and wherein the first flow path circumnavigates a second flow path.

36.  The electrochemical cell system as recited in any of claims 27 - 35, wherein the at least
one flexible fluid manifold interfaces with one or more of a charge port, or a fluidic control

system.

37. A method comprising:

introducing fluid into a flexible fluid manifold, the manifold including two or more
featured layers inchuding at least one conduit léyer, the conduit laver having a plurality of
conduit channels disposed adjacent to one another within a single featured layer, wherein the
flexible fluid manifold has a bend radius of no less than about twice a thickness of a single
featured layer; and

flowing fluid through the conduit channels.

38.  The method as recited in claim 37, further comprising providing fuel to a fuel cell layer,
where the flexible fluid manifold is fluidly coupled with the fuel cell.

39.  The method as recited in any of claims 37 - 38, wherein flowing fluid includes flowing

fluid from a first layer recess of a first conduit layer to a second layer recess of a second conduit

layer.
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51. The manifold as recited in claim 50, wherein the at least one conduit channel is a gas conduit
channel. 52. The manifold as recited in claim 50, wherein the flow path returns from the second
featured layer to the first featured layer. 53. The manifold as recited in any of claim 50 - 52, wherein
the at least one conduit channel is a delivery channel. 54. The manifold as recited in any of claims 50
- 53, wherein the at least one conduit channel is a feedback channel.

40.  The method as recited in any of claims 37 - 39, wherein flowing fluid through the conduit
channels includes flowing fluid through a porous substrate within at least one of the one or more

conduit channels.

41.  The method as recited in any of claims 37 - 40, wherein flowing fluid through the conduit
channels includes providing a heat transfer fluid to a electrochemical cell system through the

conduit channels,

42.  The method as recited in any of claims 37 - 41, wherein flowing fluid through the conduit
channels includes providing oxidant to a electrochemical cell system through the conduit

channels or removing water from the electrochemical cell system through the conduit channels.

43.  The method as recited in any of claims 37 - 42, wherein flowing fluid through one or
more conduit channels includes flowing fluid along a partially recessed channel in the conduit

layer.

44, The method as recited in any of claims 37 - 43, wherein flowing {luid through one or
more conduit channels includes directing material along a first partial channel in the first side

and along a second partial channel in the second side.

45.  The method as recited in any of claims 37 - 44, further comprising fluidly coupling the
fluid manifold with a charge port.

46.  The method as recited in any of claims 37 - 45, further comprising fluidly coupling the

fluid manifold with a fluid enclosure.

47.  The method as recited in any of claims 37 - 46, further comprising distributing fluid on
two or more layers via at least a first flowpath, the first flowpath extending from a first featured
Jayer to a second featured layer, and returning from the second featured layer to the first featured

layer.
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48. The method as recited in any of claims 37 - 47, wherein flowing inctudes flowing a gas through

the conduit channels.

49. The method as recited in any of claims 37 - 48, further comprising forming a fluidic connection

between components, the method including a use of adhesive couplings of primarily planar faces.

50. A flexible fluid manifold comprising:

two or more featured layers including two or more non-restrictive conduit layers including a first
conduit layer and a second conduit layer;

the first and second conduit layers each having at least one conduit channel,

the first conduit layer stacked with the second conduit layer;

a first flowpath distributing fluid on two or more layers, the first flow path extending from a first
featured layer to a second featured layer; and

wherein the first flow path circumnavigates a second flow path.

51. The manifold as recited in claim 50, wherein the at least one conduit channel is a gas conduit
channel.
52. The manifold as recited in claim 50, wherein the flow path returns from the second featured layer

to the first featured layer.

33. The manifold as recited in any of claim 50 - 52, wherein the at least one conduit channel is a

delivery channel.

54. The manifold as recited in any of claims 50 - 53, wherein the at least one conduit channel is a

feadback channel.
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