FUEL CELL SYSTEM Field of the Invention The invention
relates to the operation of, and apparatus rel ating

wo o909m4dseel cell system and in particul ar thoRghGBi08/003256
exclusively to a strategy for shutting down a fuel
cell system Background Water is integral to the
operation of a fuptgtatkLEXMSIRMS Or exanple in the
formof the system described herein conprising a fuel
cell stack based around a proton exchange nenbrane

(PEM . Reaction offigrQfesSmybyssgen i ons) conduct ed
t hrough the PEM from an anode fl ow path, with oxygen
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opti num per f or mance dFakgEUngde| cel|. Managing this
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of the_stack. Such water injection fuel cell systens
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systens enpl oyi ng separate cool 1 ng channe
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ans that additives to | ower the freezing
poi nt of water cannot be used. For autonotive
applications in particular, typical requirenents
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systems have potential advantages of reduced size and complexity, as compared with
other types of fuel cell systéms employing separate cooling channels. Water may be
injected directly into the cathode flow path through water distribution manifolds, as for
example described in GB2409763.

For water injection systems, ‘it is important that any water fed back into the cathode
flow path is of high purity, so as to avoid contamination of the PEM and consequent
degradation of stack performance. This requirement for high purity, however, means
that additives to lower the freezing point of water cannot be used. For automotive
applications in particular, typical requirements include starting up from below freezing,
typically as low as -20°C to replicate environments in which the fuel cell may be used in _

practice. Since high purity water has a freezing point of 0°C (at 1 bar pressure), any



practice. Since high purity water has a freezing point

of @C (at 1 bar pressure), anywater left in the fuel
wa@eib/ossst em wi | |, given sufficient tine, frecR€l/aBR@B/003256

shut-down of the fuel cell. Ice in the fuel cel

%fte q gn particular within the cathode fl ow
Waterz the {He g vvasemy Wil giversutficisnt Gpss depsrgatinr sbai-flgwn of
the fu@lce@ven at all. If any part of the cathode flow path
I's blocked with ice, air cannot be passed through the
cat hode and the fuel cell nay not be capabl e of
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stack @nlamkn beviettgsang tviliicl a0l irefiRass 10516&%&@&@411‘;{0% tBfore
cat hode flow path. A pressurised dry nitrogen feed is

the fug} selljcandeguy yephingeleatmenhpewer avd dent ivdtselfe al | owi ng t he
tenperature of the stack to fall below freezing. This
nmet hod, however, requires a supply of pressurised
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e I hvention provides a met uttin
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rising the sequential steps of:

tack, t.he nethod co
below fffeze%sﬁﬂ n&?aplﬁﬂ"gﬁ‘@ T GRS Of B UEeHd nifpget;Which
might hdtbe%bﬁﬁb%r%véﬁ‘@ésu%lfe 1ﬂ§ﬁ X&oﬂ@ﬁ@@erﬁ&%ﬂﬂl%ﬁ line in

communi cation with a cathode system of t he fuel
ceII system the cathode system conprising a cathode
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conpressor in fluid communication with a cathode air
inlet port in the fuel cell stack; and iv) ejecting

wat er from t he cat hodgublmyvwath. In a second aspect,
the invention provides a fuel cell system conpri sing:
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flow path rising a cat
cell Sym hQrdpn&mg a fieel velt ttaa:k theeméthed capprising the kequedtial steps of:

C) gegsoque a g&(ﬂptly of fi81 6% to ]i cgl stack

1i) closing a shut-off valve on an exhaust line in fluid communication with a
cathode system of the fuel cell system, the cathode system comprising a cathode fluid
flow path passing through the fuel cell stack;

iii) pressurising the cathode system with an air compressor in fluid
communication with a cathode air inlet port in the fuel cell stack; and

iv) ejecting water from the cathode flow path.

In a second aspect, the invention provides a fuel cell system comprising:

a fuel cell stack;



series and configured to all ow passage of air through
the fuel cell stack; an air conpressor in fluid

w@eomnmisaat i on with the cathode air inlet |inePCRGB2008/003256

thermal Iy insul ated contai nment vessel configured to
receive water through a water return line fromthe
cét%@age ISt Pt @ Gadeqdeithiid Rewial cosemising a pathedesair inlet
line, £ eAthGN Rt Qrifti:Pele 108! Q1 JARBANEARIDOAR: [ihO VOB in
into tthe contal nnent vessel through the water return
series|and eonfigmredsth atlow pgssdgaor aipthraigh dre fofl dellestaskstem 1 n a
third aspect, .the invention provides a reverse flow
- & PE RS it e cOPRG P FF theedhods Atk et Yasond
f gagbrRany instlalANonGlith&ht VREKE WAl B BB (Vlg Qhrgugh a
passage extendi ng between the first and secon ee
water pefpmdinetftom thesathedeiflowpathyve configured to allow fluid
to.pass,.fr the first tao.the second fe ts .an 0
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main fluid passage; a sealing valve biased agai nst an
operatigigoidhe $y§€Thy pass passage between the bypass passage
and a purge port, wherein the sealing valve is
configured to maintain a seal against the bypass
In a thirdSPge thihiaerdtiodipioRdeSSevedsd flow Pedief vvalvt cdb@pesinpr t
exceeds fluid pressure at the second feed port to
pt Biabfred PP d flow fromthe main fluid passage to the
p rough the bypass fluid passage, and to
a#F%?vn{)%%lg&% ow fromthe second feed port to the
paingergpantvatver witlgh a deinhiypd passhpaibxtemtisg dawveshahe fitstiadd
#Fisure at the secgnd feed port exceeds fluid
Secomg &4 ROt thernoprigtum yalye ¢ ip 2llow thid o pash fragyide first to
the sedoR@ fidA\HRRL bRDOBIOM B8 of HEd i rising:
esea fuel \f’?a I st acg; %@C tr?o eidslggééerrﬁﬁ%/l&%&fgﬂgat hode
f 2 byass flwd/ppssage indind canmgnizaticat Withd theahainifhlidpadsagee, a

thode vol ithin the fuel cell stack and
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passage@né b poMepagsage of air through the fuel cell stack; a
heat exchang.er connected in series with a water

swekaeintthe se healveatsheond geneil tto maintain a seal against the bypass
passage when fluid pressure in the first feed port exceeds fluid pressure at the second

feed port to prevent fluid flow from the main fluid passage to the purge port through the
bypass fluid passage, and to allow fluid flow from the second feed port to the purge port
through the bypass fluid passage when fluid pressure at the second feed port exceeds
fluid pressure at the first feed port.

In a fourth aspect, the invention provides a fuel cell system comprising:

a fuel cell stack;

a cathode system having a cathode fluid flow path comprising a cathode air inlet
line, a cathode volume within the fuel cell stack and a cathode exit line connected in
series and configured to allow passage of air through the fuel cell stack;

a heat exchanger connected in series with a water separator to the cathode exit

line of the cathode fluid flow path,



line of the cathode fluid flow path,wherein a water
ejection outlet line of the water separator is
weomeatsesl to a water contai nnent vessel by a PCT/€B2008/003256
water return line. Brief Description of the Draw ngs
The invention will now be described by way of exanple
oWPsFeimnanvatis @ sctioprautiehlug of ther waierSspaAlE i ORastedt 3 Water
contaﬂ’l\ﬁlbx?tmessfel 9}“5 ﬁplvdakér‘r‘étﬁﬁﬂfn%s a schematic di agram of the
arrangenent of various conponents wi thin an overall :
fuel cell system figure 2 illustrates a schematic
di agram of an exenplary water contai nnent vessel;
figure 3 il uBirfefDescriptivit ¢fuwhy Dpawingect i ve vi ew of an
exenpl ary reverse flowrelief valve; figures 4a and 4b
The mlvleﬂtid)‘htvhﬂtr@“sﬁ‘d"@émxﬁbéaa%} Vayt bieex@ﬁ@[eadmp rhnﬁfwﬂhl%fér@f{@ert%%e
flowrelief valve of figure 3; andflgures 5a and
appendqd|drawings @ iRkt i cal |y two al ternative
C gur fo d gt peam ui d .
Q aér:a .‘gth‘g %%St ai Isc%%%gcgﬁaﬁ%on Fl{h%urarer %%eg\%s()fa vanous
compo@eﬁtemmun@mcbve@ﬂlaﬂtmloéellayst&nsnpl ary fuel cell system 100
npri 51 a fuel cell stack 110 and ot her associ at ed
c@ﬁ%’ﬁ% r?eﬂ tratf?ﬂhé sehematice flagramy Ok an 19xeHRlAry aieh seRriammsnt
vesselPat h passing through it, the cathode flow path
conprising an air inlet 124 leading to an air inlet
| figuee B2Bustradesi avicotatvap petspedtivat viehefcart Exatiepl aiyr revedsetflow
6. After passing through an internal cathode vol une
rdwf%#%ﬁ shown) within the fuel ceII stack 110, the
t he cgfﬁh%lggwégﬁ&%tfgﬁg%%%mg hro gh the catﬁE %ngﬁaa%gte f
valve dfifiggrelR 2ndnd an exhaust shut of f valve 120. During

rmal . ope t he xh shut -of f valve 120 .is
TRt 3 or (g raRenghialty (8Oca et Sngetimtiags for
cathod® €t stR4AIAEeS pli?a@lonwth associ ated cooling fan 139,
and a water separator 131 may be connected to or part
of the cathode exit line 121 and exhaust line 122 in
the cathode flow path. Tenperature sensors TX, TX2,
TX3, TX5 and pr esdetailabDeswription?, PX3 nmay al so be
present, connected at appropriate places to nonitor
Figure tl shows b ethelriatie diagram of an exemplary fuel cell system 100 comprising a

fuel cell stack 110 and other associated components. The fuel cell stack 110 has a
cathode flow path passing through it, the cathode flow path comprising an air inlet 124
leading to an air inlet line 123 and into the stack at the cathode air inlet 126. After
passing through an internal cathode volume (not shown) within the fuel cell stack 110,
the cathode flow path exits the fuel cell stack 110 into the cathode exit line 121, through
the cathode exhaust line 122 and an exhaust shut-off valve 120. During normal
operation, the exhaust shut-off valve 120 is partially or fully open. Various components
such as a heat exchanger 130, with associated cooling fan 139, and a water separator
131 may be connected to or part of the cathode exit line 121 and exhaust line 122 in the
cathode flow path. Temperature sensors TX1, TX2, TX3, TX5 and pressure sensors
PX2, PX3 may also be present, connected at appropriate places to monitor the inlet line

123 and exit line 121 of the cathode flow path.



123 and exit line 121 of the cathode flow path. The
expression 'cathode systenmi in the present context is

WO pdoendEes t o enconpass those parts of the fuel PCBEGB2008/003256

system 100 that are associated with the cathode vol une
within the fuel cell stack. These include the various
The expressiaralicatbertppysient’ n de prigent g@itexteis intendeth tcagn«maaass those
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an air ‘inlet heat exchanger 134, a flow neter 135, one
or m)re air filters 136, 137 and an air heater 138 may

resent the ¢ ine 1 et t he.
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exchangerpd4, arfinvemstend 89, opxprmrp pis filien 136, 137 podran pig hapter 138
mey bGIRERSE O, SF i G120 bR 15 00198 bt

stack 100! EHataid infeehdA kx&ﬁ&ﬁmﬂrha}ob!@ sddhie cahjunétidnewith @abolant
exchanger 134 forns a separate coollng circuit .
line 14dgAfthiger™ay valyedge rand @ tamnerature ssnspe [ X o Srs-beanairiran the

air coryfiEsdoP THY 678 Wothicirort the oSt AfHe 1411Hhd brkvion pf the fuel
cell systemctis Theropian lnmomlapasmgg tleropgir thieaireinl o heairetelhariger 134
d t ctln mthe r i.nle streaml e
forms & §ER6E CoRe GOt CPRMBTABE SRRAChALeL Fm the st epRAher e
comprés‘ééxt £18. 19Ms c&)l‘éﬁtr B4 Ofs Rk o Pé}atteﬂ & frkt ﬂfé il cdiP¥tack

be achi eved through use of the valve 14 | ow ng
110 reeahes r obrmoal @penating iempecatoteaint oider tbewowcbc)etmctmg thha fhamtthe

ar ot REBL o iRk P T Bl Do ok e SRR o
DiversfoROoll R0 in (1Y lid gl Bt Bey/ askidvell thouBRtust RE thaFElve Tilag,
cool ant used in the coolant |ine 141 % t herefore

allowingensirok eves diether eeplani dndeliverpdyte dhe hegt gari@4. Since the
coolanf i€ ﬂ 19 sgb%zﬂé frgfn &'Et%r ?e(a%f%n&le cathode system, the requirement for

high purity water is not the same. The coolant used in the coolant line 141 may
therefore comprise additives such as glycol to lower the freezing point of the coolant

used.

Fuel, typicélly in the form of gaseous hydrogen, enters the fuel cell system via a
pressure-reducing valve 151 and an actuated valve 152, preferably in the form of a

normally-closed solenoid-actuated valve. The fuel supply 150, when in the form of



used. Fuel, typically in the formof gaseous hydrogen,
enters the fuel cell systemvia a pressure-reducing

W@ 20000406531 and an actuated val ve 152, prefer abP@I/GB2G0R©03256
formof a normally-closed sol enoi d-actuated val ve. The
fuel supply 150, when in the form of hydrogen gas, is

hydrogﬁyma@alls It)yp1¢a:blwa0®dedrremteey frofrtberfiteheelf mtem; efbt eyeaquﬂem the

t he faqorm of ressuri s tan
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rovided closer to the fuel céell stack 110 in the fuel

stack | 1) imtthe ffud inlefdlingf | 35hef the @m@efﬂqw\p@thtbht\mnvtbe fued lsemeIdlSO

our € a 1 of the fuel
and tZOHGRE 1801 906 AR BNO0P sl Tho T heralie sHR fealyes are
therefcrré @vmdm‘l legHsly fothe @.nbdban&ﬂ 08l&; onBlset 1515652 aeg 15 ehe Ak .and
152 near to the tank and the other set 153, 154 cl oser

the otheg s¢tple 35 L clegsr to gteaﬁékl opll gtackil{ Py with A intprmadiate pressurised

fuel 1l £OSUHREL, l’f‘flle g‘%v éé&gﬁx@%’tﬁﬁe}"f?ﬁ&gg@iﬂ@s the le pressure of:the

pressure-re UCIn ssure” of
dry ﬁad:l@s dJ y lévabéultgblfe foointrobwtieh ts thetfaéil cellfseacki 1r10r e Giresdtire-
he fuel stack 110. The pressurereduci ng val ve

reducigg yalvg 15 d ¥ ep Y PRsiyP Fevige Wibeh ik %ﬁrqsafspr&sww@ﬂng
applied' £ftH gg%gﬁba &ﬂgbﬂﬁigdeﬁcet Hﬁx f'i’sr[édack' _Xllﬁgtell' 145 is

cdontro evi used heat er
optlondbt powaletyfopeparhpledn theopressursadl fael ne hi basfe&sthei\&iada 153

fuel line 119 befor th val v 0 in fi
os showh T St b R AUPPERPY I (o5 Jiet R LD ifhre beses o irthe
pressureb@i@nOvalod t 8. the pressure reduci ng val ve 154. A
further actuated valve 161 is provided on the anode

eX|t line 165. Each actuated val ve 152, 153, 161 may

t er nt t st the
A B R O 4 iR i s o 0% EFE g oh e praated
valve 15921531981 nﬂaﬁﬂbe@ibﬁﬁ@d"wﬂﬁ%ﬂ@&ﬂ? heterCalérm &iittto UBE4GHe VAGe as
sol enoi d wi rovide a certain degree of heating.

requiregy éltt@u@bwvﬂeaatm of thpﬁ@ha@étléa,t é@ﬁ,vlﬁ vibrough 2pasgage, ofl@irent
througﬁm%te C&ﬁ‘érlo%] ()V?ﬁi o (R/l&) fc@xlt | ng I}%ﬁ% Li’rt'e%gralyl %ﬁf&] o& the

n actuat éd “by cuf ren

actuated ovabmeni 1t5Qr 1531d1 62101sr®hﬁgmed mdi ds Shil-eafef i.6.uwill whiyhbpent When

node fl ow path, ressure sensor PXl and/or pressure
acmateaévvucetre%naé%na@?um&eﬁe lepoidyi ded. The pressure reli ef
val ve 157 is preferably set to open and exhaust fluid
fromthe anode flow path through a pressure relief

To momsonang to tdliaee freSsund eﬁﬁmhwith)inehs anceleiflowt path anprdesuré SsMsor

PX1 an%%rr%)rees)s(gr%?ghefavafv%fl%7?gay be prggldeg %Le pressure relief valve 157 is
preferably set to open and exhaust fluid from the anode flow path through a pressure

relief exhaust line 158 when the pressure in the anode flow path exceeds a safe

operating level.

A further manually operable valve 162 in the anode exit line 165 may be present, this

valve 162 being for used for example during servicing to ensure depressurisation of the

anode flow path. Water build-up in the anode flow path in the fuel cell stack 110 may

occur, for example as a result of diffusion of water through the PEM from the cathode

side. Consequently, an anode exhaust water separator 163 may be provided in the

anode exhaust line 164 to separate any water present in the exhaust line 164. This water -
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A further manual |y operabl e valve 162 in the anode
exit line 165 may be present, this valve 162 being for
W@ smd/0§385 exanpl e during servicing to ensure PCT/GB2008/003256
depressurisation of the anode flow path. Water
buil d-up in the anode flow path in the fuel cell stack

can beexhauspg op eptipnally 6?‘311@3%]@#’@} Pusngppedsion of te faelfoell stagk 139,

the valfSR1 1L ERTHEN 1P SO <RI RN B PRRRLHR, 1o onhnst sy

built-ub evaper drondthd ahodet fhed pathde exhaust |ine 164 to separate

any water present in the exhaust line 164. This
wat er can be exhausted or optionally recircul ated.

A cathQatr aQr AP&kidh 'uget gjv %qﬁ?\w@a inCRk lfuéf tc@l‘? kiadid 910 the i&l ¥

I's typical osed, and only opened

conneqterdt terma‘th@nth;teIt injeetitraline laﬁy Thaichthodpwatat erjedtionrtinenE25

inlet 127

u| d ath A cathode |IFSV\@ k!‘nl %&grleq%nb‘?t\’{?@ca%er

may bf S5 ploded PRt Ohgre Hap!

contalrﬁl%h@ e&tsadmbcana 1EREHARIAR WHESh] ebt'ikbnei%!étqm | WNRa®2329 K be

cat hode water injection Ilne 125 may be heated al ong a

providehtotapply heattovehspleeifiofregions of thadink, 124 el heat watat pabringvtheough

the inifpEinf 375 FTER o FoAts whce 050 atist B ph v a e

sensor R i¥ay@protided o BRCafHode itk @ffe@fontiiR 125 e 0fd2P td Monitor

heat water_ passing through the injection |line 125

the backprpssers ontike ng Wodbripgtoperatipiect i on inl et 127. A

further pressure sensor PX4 may be provided on the
cathode water injection line 125 in order to nonitor

Water frog thecdathode esitrigeoIn 1t Repunped Wb adwaten gu@per3z, iopHonally

Water fromthe cathode exit line 121 is punped wth a

providega hath gubgster 343, dptqughad watﬁrr @Rﬂl@eanw 28 towpsds dhe pvpter

contairb P SR e AP of AR ¢ e by Sl HErepce 1o

figure Pr oZxebesl wasdromy ajedtdd ﬁeﬁeﬂmwﬁ&l to@llfSygﬂemelm obk ©f¥Be water

wat er fromthe_fuel system 100 out of
contairfigat 1140 BROSEIHHERER VESORY LBE0Hhr ongh & e or
overflow line 144. Shown in figure 2 is a schematic
cross-sectional view of the water contai nnment vessel

Shown in figufe 3 ispuschemhatiq hross-sentiohal Mew ob tipy wates centainarentiivésgel

140 of FRGF 1o TG Vel Aot £ ety Bt AL T it £ i 201,

which M@P 818b bd Arh81yohs@a@U blFedblly | th€ WA LI §16f i ResRBYANE FF a

vacuum or other thermally insulating |ayer such as air

double @rallesopmdnphﬂvm y vagraimber okhen therraallynmswating laygneuch as

air or e%élagl%g% gﬁg%t r%ge ﬁg‘tﬁvegxfl tﬁehtgv \Sﬁf'selTh%JUQn%r%uggc%fflrSa&J tHe Y& %l

aving a resistance to corrosion,

210 is geefstablynhnds fﬁdneei maltemam ravigt a gedistamientat corfosidn, vaicﬁras

212 within the vessel.

stainless steel, to prevent contamination of water 212 within the vessel.

The purpose of the lid 211 is to allow connections to the various elements housed within

the vessel 140, whilst also maintaining a good degree of insulation. Typically the lid

211 is manufactured from glass-reinforced nylon with an additional layer of insulating

foam. Ports in the lid to accommodate passage of the lines 125, 144, 128 are preferably

configured such that when the system is shutdown, ény residual water runs back into the

vessel. This involves using pipe of a suitably large diameter such that beads of water do

not form to span the internal bore of the pipe and hang up in the line. Preferably, no
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The purpose of the lid 2 11 is to allow connections to
the various el enents housed within the vessel 140,
woRiob®s10533 so nmai ntai ni ng a good degree of i NSUPEL/GBRO0S/003256
Typically the lid 2 11 is manufactured from
. glass-reinforced nylon with an additional |ayer of
fittings psq peadi inghe didrso thetrpipesi pessing through ghealid insgataim no sharp

p f ' ., . ref er abl
AT S L e -
water lcesthiinreht vaabetr1 40 ané thracakhodetrater igjestessidlet 12N #1d an exhaust

. iLnvolves using pipe of a suitably large dianmeter such
line ltzﬁafigoé’ga‘%‘?”& GURHEER AcrGE UL RAY B25 Ba% theh@afer (coptament

. ni . . i i | &
vessel PR comaftied g SRR ot o ol ok IR bR USHAR db ot
span thhbara gfiert dyection df Sater front the pathadesdystem. bends. I n a
general aspect, therefore, the water injection |ine
125 extendi ng between the water contai nment vessel 140
A the@itfitatid hea@d e NI R withih @6L bERel UEls é}rg\%de@ nifintain the
exhaust line 121, 128 extendi ng between a cathode exit
tempetatyre of Materr2l 2t wshinethe vesselnt4i ahown tfreeemgeloiritd 0A Hevdh sensor

conpri se pj.pi.ng.hayin n.inte | .bore such, that
233 PR = S PLPHiRE oieiehitPhee Dovii Beresrb o tesR37
is provi@ddeih oA iGh k) the GRerMPEIB S NSHtBFelehehN SIS ARSI t6 PrSANL Plter
_element 236 within the vessel 140 is provided'to
heatingig defsosh thehwaterdPPeifdtazee  Buepthe ere1gy wiquitementd changing
S 4 bova freezj |0t . |l evel .sensqr. .233 :
e pl850Ya BoPRIS, AR 16 R 2 T S R i e o

rating ahfthe tHehBost&tfskdatind etarhe236 301 bxaniplOYiciad 180W or higher.
addition to the thernpstatic heating el enent 236 in

The thepmpestaticchegics 236 ds rerfigrechioatnsiy that Gefteoperatme ofishecwater

. i f.r, . .en i , o -
212 infidsiel 140 EaRm MVER SR Y s BOY LRIPRIEIE. i e
to preveatherwal& fromm fregpingalThy tidrmasthtighedteriZBemay 8t ipdoWetdddsy a
the ther rmst(gti c heating el enent, 5436, ,fgr exanpl e . )
12V baitesy PRS0 MO sethiogpRerate e 2 tATeNCHBE] Retied hddtnee, dwdng ghis

period,g?glih G4 &0int e evré?s‘éf 8ard B@%&Qﬁe& MGt %ngf pefiod & é{i@t z?io

in the vessel 140 reimali ns above a set "poi nt. i

ambierd demperatute, ithe thephestdticyheB®C236 ms disabded tasgye encrdttetshpower.
ter, fromfreezin The thernost.atic ater 236 y
The wiff 512 misdlien e 39 Wil ary: CORpIgE “itdbe bhebpope theter
237. THIthémiVsasie eledisPopicat: of e P6Rer Mtihb RAcH tHab a REAXiAHm heat
liquid water in the vessel can be guUaranteed. For
output |ig shghtlyp tar ges dbam thes mgxiziny ratedilesses fronpéreavessel, Ahtypical
’ t.af i r 6 is disabled to save on battery
power%%&é??ﬁfﬁ%fa\%}g?gfﬁ%%%ﬁay then freeze, and will require
defrosting with the higher power heater 237. The
thernostatic heater is typically of a power rating

A temperpiprer 5B80T L KhoRrefrabheeamifna e STnerBed Hergpister feinstalled
in orde% g)gz#lgg{qﬁe mmg(ﬁ{tﬁéngt%s $85inith® U&stsglel 055 8E Imon’ﬁored.

An overflow line 144 is provided to eject excess water from the containment vessel if a

level of water in the vessel exceeds a preset amount.

Water from the water return line 128 enters the vessel 140 through a filter 234. A pump
230, 231, 240 pumps the water 212 from the vessel 140 through a further filter 214, a

reverse flow relief valve 213 and into the cathode water injection line 125. A flow
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power rating is in the range of 2 to 4 W A

tenperature sensor TX4, preferably conprising a
waeamamsgesl t herm stor, is installed in order teCEHGB2ZWS/003256

the tenperature of the water 212 in the vessel 140 to

nonitored, An overflow line 144 is provided to
metefgﬁgédi C%Bég%%%d {RamoaRiter, heapeantc ohwaten pasng @seugh the cathode
Mebn ®he W84 €r in the vessel exceeds a preset anmount.
ter fromthe water return line 128 enters the vessel
140 through a filter 234. A punp 230, 231, 240 punps
the.water .212 fro he.vessel 140 t.hr h further
The pyp e ST onRURPLBich (A rBPPEPORIEN AT 21 8oaiid opimds the
contaihmentCAIRAE O VB ©6ssélM RCLIdOMelefdte aldids f% gl“ k& drdRly

is configured to nonitor the anount o r passing
e

with wagar @i g vithinethe ersti eA whafe 240 h¢tween the thétne238nd & pempepd

' er abl.y .constructed su h a notor portian
230 allgRhE G A B3R ICh i By stk Rl b at
least theeintet) outDahinpdler, &f @fe&r@lﬁ bflg chRISti bl sEcHthaAC hfter being

directly with water 212 within the vessel. A shaft 240

submepge W ERZeeataipihe PumB is feltaonstaipagaimeoncesbe watepisdaftusted.
: i d 230. Th head,
The w961 EHet s N GeRUIR DB OB, N2,

water

risin e in
preferably of a construction such that, after being
subperged in frozen water the punp is able to operate

The pugep, hepdoditOets tlpeatetasoets fosbegmibmsaged by whisr Ab2 dn thesvespel 140.

. e . i
i 48 BLELR Mot B tal Sl ALLOIRSE BN Bl ot 2 e
purgeds dimirey ghadddown veat ksatedl during stagtup,epatitulddd. wHeh wabas21hes
uirement for the punp

. adyant ft bej
maintaghed (WishiE  fhg @ésq%@ Q%ELIQE?%-gr TH cRaRin hsad REXE at rueferably

nfigibdid B, fieen) vvhxﬁﬁ ' ﬁhjﬁfq}' |
'CO g_%vlkt hi n teﬁgﬁ%lhzgk a¥ {I%?S S umm%%% ‘gurrp %g‘gﬁlgggaq %30
is achipvedfaz Abdtytransfefried droau theosunmuadiag syasdrl ast ih defrasts. mihe . pump

awk ng o i wi.thin the head 230 is .
head 230 R AR corf Bt e o R GoR o bLiairgRation
On thaWigethe@amipthed@ 280 &eh rethAiR t6 U5 BribAIkhdsdwithod Sthpromising
_ preferably configured to accommdbdate expansi on due to
1ts opefafien.f or mat i on. On thawi ng, the punp head 230 then

returns to its original shape without conpromsing its
operation. The reverse flow relief valve 213 is
The rewpsesiowedieflvalue D13 tadonvaideed sush dak Sxed 1§ Al1RASStof Ja88rom

thiépungo head 230 thrqugh the cathode water injection
the pumpp hgad) 930 thsgiaghytheiqathoda MbRTANIFAEQT Lingjl 3% towards theeathode

water iiggfcgbggiﬁf%t RYTRHeR PSR 1508 R atiofiIe Akl 2 PS4 &p .98,

the valve in the direction of flow. However, when the pump is stopped and pressure in

the cathode water injection line 125 is increased, the valve 213 allows water to flow

back into the vessel 140 through a purge port 238.

The purpose of the reverse flow relief valve 213 is to allow water to be back flushed
into the vessel 140 from the fuel cell stack 110 and connecting lines during shutdown of
the system 100. Closing the cathode exhaust valve 120 allows water in the fuel éell
stack 110 to be forced under pressure from the air compressor 133 back through the
cathode water injection inlet 127,.'out of the stack 110 and through the water injection

line 125 towards the water containment vessel 140. However, if a gear pump is used in
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the valve in the direction of flow However, when the
punp i s stopped and pressure in the cathode water

wo 2poe0¥iseh | ine 125 is increased, the val ve 21BCHEGBoWS/003256
water to flow back into the vessel 140 through a purge

port 238. The &%‘r’\gose of the reverse flowrelief valve
the C%&%nmeﬁ VEssalh Mg the revessefiow adief valyg R4 d monweter weuld flow

o kAR ST i i 5 il W SRR

the reversdOde relxdfalahte 218l iv eofdf2fired buwhsthataiharoringl dpezatiateit allows
ell stac 0Ot beforced sur fromthe

water S pess SB T G0 B8 T (i BRLFELL MBS btholBenaryFoted fo o

small bﬁﬁkeiﬁédsﬁ’f@ (FoH eRAmpR in tkﬁe% 8 oF BEORBACY v}ﬂé?l 8o guanrH%H@ B30

he wat er injection |ine 125 t owar ds”'t he wat
is not bcmganpnmdt a ieapbrigm diens edwellews wiafer do dlosr barlnipta the flask

d inthe tai nment vessel, w thout the reverse
throughHic pyrde PO 238 ve 213 no vater woul d fl ow due to the
pressure required to push water back through the punp
head 230. Therefore, the reverse flowrelief valve 213

An exmp@ahm@qdir@qn@fdhe revetse ﬂnWrr@liﬁﬁvaIYmél-’atSi &hnWintinaﬁg‘um\B in

t h i m { 1 he
Cutaw%\&& st Z%E]%ﬁﬁl g%%ée{% B ajtec e"&s ?Igﬂg%@nﬁ?lﬁaﬂﬁf? YEsel 140
throughrtﬁs senesse( flow relepllee 218 irh eher @iecEBn indBEHHBBY -agto w301 .
punp head 230 is not being operated, a di aphragm
Water élﬁévﬁ dhrgpgh eﬁr%\ﬁgedmﬁérl 4t SrauEs e noRIRIUTR Valve Bd6 m@sut of the

valve ¥ @3 o ot 851 B 320 ar S SEBAZ bl TROA TN 55

The priessucciofamatyr fnothenfirdt rfeealqr@ﬂlmemtsmmd wi@ b @onhdcbing phssape
t.he contai nment vessel 140 thr(a)ggh the reverse flow

313 anddrangler pagsage SlPato; ncaviy 347 serled BR$ serlinevaley Ty cxampiadn

the fortﬁﬁ ; ou&%ﬂﬁﬁ% b9yl I%BBU&'& 4 éorvélé1 % g@ g8k pglé %{%341\:/'% fnalentams

n-r’eturn val v 316 out
a sealizd face M’bmf'ghe diapbragmcB 2] egeingiar facS@k bypany pissides 1@atdtias

i njection |ine 125, e f water in the
provenf PG SoBLEHOR Do wramied PR 300 dnda (Omeerhgey
315begﬁlaspeg(ga1§;}§glﬁr3g1.transfer passage 312 to a cavity 311

seal ed by a sealing valve, for exanple in the form of
a di aphragm 321 and encl osed by a cover face 323. The

Once i 3 LA L5 B R HDE L 3RRa o o Sy FERIEERY
feed pfit SV&NHnE sl mueéaier mnpremﬁd g theedeea fdell pore 82N daiise@ by an
port 320 and a_ |l ow pressure cavity 315 behind the

increasgg apRYEg A 1B gathodyivalume af thefiael celbtegh A pausozthe alonsefim
v 13 L6 b 50 RIESRIE i g g
321, wfuehds pmf&ralﬂ?@on@usaﬂcbf@re&hent material such as a rubber, to flex and
open up a passage between the bypass paésage 318 and the low pressure cavity 315.
Water is then allowed to flow from the second feed port 320 through the bypass passage
318, into the low pressure cavity 315, through a purge passage 322 and out of 'the valve
213 through the purge port 238. The overall direction of flow in the reverse direction is

indicated by arrows 302.

The configuration of the reverse flow relief valve allows water to be ejected from the
cathode volume in the fuel cell stack and the cathode water injection line while allowing

the pump head 230 in the containment vessel 140 to remain primed with water.
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i ncreased pressure in the cathode volunme of the fue
cell stack 110 causes the non-return valve 316 to
W@ Lk@9/0405Fhe i ncreased pressure in the second fREHGBRI0B/003256
causes t he di aphragm 321, which is preferably conposed
a reS|I|ent mat er al such as a rubber, to flex and

Prow@ﬁsiethe Wptea 2hh s hgerepsel insehiresea, by pamw lisad 239 éheg Temaing in 2
sato £ LM REEREN AP tod Wi ol LIS LURIRE e

of thefecl caldeta@d B10.i nt o the | ow pressure caV|ty 315, through
a purge passage 322 and out of the valve 213 through
the purge port 238. The overall direction of flowin

Flgurésh@a 5BV 86 §ﬁovdlsu¢&ﬁati%5my fhel DS ?I’ef‘eﬂt Q-P(:de 83 er%{?g? E&%le

configuration of the reverse flow reli ve a
with thmr@lerspdldo*ereé]eéo'ahrd 2f1 8.0 tiigerecés, hmjpurgalopnmmm ig k&mwn in

i cSEi t AH RE Rl 1 B850 S A i e

feed po@SIO| addthetDisI RIMBOW iRto! (HB Hrsifbdd Yt $14. PR IG@dpﬂégb%re air
water 212 in the vessel is not frozen, the punp

causesxBo dizpbiagmeivdlitasieflect and aliave flowelispuglo therhmd$sa133$age Bé § iand

. r for inject Q th at hode _vol une. o

out of WTRATE H3EH i R b8 R gt Ao i eSO n e
water S6HigiRREhCAIsbal 140 THatodirbuf] edlle FPSIBRevehts TRG ﬁﬁ'dn%h to the
possible with the reverse flowrelief valve 213
ﬁmtﬁ?dg@ﬂélﬁa the purge operation is shown, in which | ow
pressure air fromthe fuel cell stack enters the valve
213 through the second feed port 320, and there is no
In figifré diy thetvater delifery sperbi@doDhe tevdisé. flobhietiel 0avOLES SR Wn,

%hkggauses t he di aphragm 321 to defl ect and al low flow
in whig GFFSEHE W3U5 PETDEh S8mgRe teegrvaidn theWHer qomtaiymerteyessel
df i
140 el d AN PIEATINRE b S0 0 S0 ' VR, fantiRlets via
the commatmgpansnga/ala/eo Hik6hiph evesnirs cﬁhqx/\Btlhrrmugtauisoth‘e Rigaphragm
feed port. 314. In figure 4 ter dellver
321 m&p%?sgfilpezﬂﬂa Sitiast e b PRbARS R EOY R i psqes fotgh

the nors R vaive WBia6h ot hPrRSSY hsvw&@ﬁ&rvawms%i FRGLNRI feed

reservoir in the water contai nnent vessel 140 enters

port 320h No/Adw ecaugthromghubeipedge pbit 288. f eed port 314. The

shown sghem

pressure, transmtted via the connecting passage 313
to the high pressure cavity 3 11, nmintains the
Two aliérathfeagiingedents of the QERMde RRRA] &ihatstagaivigtr &BRioRYIRRSSare

pass %g 318. Flow of water passes through the
alln 1y figpees3iesanthdb.odp fagure Ra, thevwater sepagator 131 is

connec'ie%l ﬁx@f mvlﬁ'lr V\Qlﬂ% %}?%é/alﬂ?odte I%ﬁlt ?ﬁg q Q g,slgesgxqesp\g{tfl agg %Efol\p th feI ﬁ)eva\{t

occurs t

exchanger 130, and two water eJectlon Imes 128a 128b are used to send water via

pumps 132a, 132b to the containment vessel 140. In figure 5b, the water separator 131 |

is connected in series with, but after, the heat exchanger 130, and a single pump 132 is

used to pump water through the water return line 128 to the containment vessel 140.

In the configuration of figure 5a, the cathode exit stream is passed through the cathode

exit line 121 to a cyclonic water separator 131, which removes the liquid content before

redirecting saturated air to a heat exchanger 130. The heat exchanger 130 cools the

saturated air stream, which results in a proportion of the entrained water changing to

liquid phase. Two pumps 132a, 132b are used to transfer recovered water to the

11



Two alternative arrangenents of the cathode exit,
exhaust and water ejection |lines are shown
waehenstssal |y in figures 5a and 5b. | n figur ePGERGBRIVE/003256

wat er separator 131 is connected first in line with

t he cathode exit line 121, in series with and before
contaipgntessel 4 RBABWRP 1328 coalﬁect@wavoéat%rrre@frehm b2 tp lessbase

r

o the E8yer A5 U 0 SARLARNE ol SRR, PR 7R
exchamdeatemt niaBifoldsbaxo nDedhe dormal $ael iceld dptntahon Ikt vatdbey shut

he exchanger 130, and a single punp 132 is used
off valyg 1&3 tQRent ﬁi%myﬁ >t®@na&9%rceﬂéyﬁfm shutfowrp ghig yalvgels

closedCtQ'?;'aai1 ﬁfe HE BRI Ry ph. th'?ﬁu§9@f§glﬂ%uzf 2{& IQQRPI%’; to¥ Stifer
e cathode exit stfeamis passe e
dewcecwhimhckapphestam fonthe 1fRd]l ¢edl accoydingit e defihed ﬂse/paﬂtasarpoint)

Bt TS
relief \?\,ﬁ% (BHCERRGG MwHiSH) &Qﬁigsﬂﬁshga&a%ﬁé%ﬂr&g sRatiowh Cﬁﬁ@% opens

resultS in a proportion of the entraine

allowingejegtiango frveater fiem dhepwalse sepavatorpldiytbrouglk a, watgpirge a;.ne 510

ed to transf ed wat er h ta

CopicdfeBfolsRRT Frichif B2 FPesS A plecetita B L LA pyptemn
shutdohwin) e 1RGO pRARS albwed'® SAFSF AT sddnddIEHnost of

ot her 132b connécted via water return Iine 128b to the
the watgs fromethe senggader 1330 exit mani fol d box. During norma

fuel cell operation the variable shut off valve 120 is

hel d open. However, during fuel cell system shutdown,
In the tdtifguration ef ﬁgmelscbaqsibritibnhasifmwf@@ﬁuf ef fifiee Gal reds: thhtane

path hi this case the conpressor 133 (or ot her devi ce
cyclonigneppraton g i positipnadoafien éher beat exehangerckyr disngpchothg liquid

t t r Lal n

clemerf{ 4, B8 baltoB¥ o8 il 1P itd MBLEP AP HER" olcpde X0 "rn
additiopy enLywne puzhp @82 Vakagmiréd ad t&hsfmn)he\l\hb@‘ferecﬂ waterbackits the

contairggeryabisel T Eer Ao Hlngh o s on Eranen it Hi% s e nigh o the
heat e;aeﬂafgg%r 3R pakOwdy HBinCRE lea&ﬁ zﬁ%"i‘%&ﬁﬂaﬁr\;@tcr t'ﬁﬁﬂ Rnai® in the

ck pressuring the cat hode t path at system

heat emhanmmo after mmpmmn.faunypwapy ythelldweve part a)frﬂhn heat
wat.er f

el 8, SN R T lEta et B RSl A

temper@Aey, ahik GlatérSwill FeéARl Howbna! f16% FiIOHIEbSDosEHIE Etﬁltougﬂ qhe
the cyclonic separator 131 is positioned after

cathode, 8aw Refle Haewgdy the 3est oAsheshreh exelinagéri which ‘é‘ﬂ]eﬂ@mhe@f up aed
passed t hrough the heat
dofrost 8 ROAE ol e AR PO 001 3 one purp 132 1 s
reqU|red to transfer the recovered wat er back to the
cont ai npent vessel 140. One advantage -of th

The pyrgs, mogur Lt ih 52 Cﬁ’?a"llbé(és heeCyGlonie SERATRtRE to 'be cleared dry,

allowing subsequent storage at low temperatures.

Preferably, the thermal inertia of the cyclonic separator 131 is low such that when a
small amount of liquid water enters the separator when the separator 131 is below 0°C,

the liquid water does not freeze.

Optionally, a pressure relief valve may be used to increase the back pressure of the

system to such an extent that the transfer pumps 132, 132a, 132b are not required.
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heat exchanger 130 is part way fromthe bottom any
residual water that remains in the heat exchanger 130
wa@bdoen4sbut down will fall to occupy the | ower Per/GBed08/003256
t he heat exchanger 130. In the event of the heat
exchanger 130 then being subjected to sub-zero
Howevenmnie tais dnstancetthe cyelewe rolidf Ivaf\ree@ziepurgb\peneilo flight not be

I thr at hode
ﬁtted,}’!h relaﬂg'%] h’lak te}l%rql’elt%ﬁ]%f#)g%ﬁé 932])1( c wa&gr €X1 C xOFCIeS water
througlhtﬁl vhestejacior ifle thefakdrhe Wb’@r EorTmamcHBE Bt A0t bEnd @xRfer
The purge port 510 in each case allows the
Pumpcvérlé fiteds Elﬁaﬁrepsrm% shevr [eHewE T i, mane| pygferaple, to ensure

S

that vl SRS Thqr NV AR ot s DETREH A Singlt BF Mg ime
128. 1 ow such that when a snall armunt of liquid water

enters the separator when the separator 131 is bel ow

the liquid water does not freeze. Optionally, a
D I | | i b
wizg °§§§ﬁ“éﬂé°€ﬂ%ﬁ§ A Y Scl oI SEre (REFRST e aler
from theac;mtaemmpmnmsél?ﬂzo ik 3Rmped 3Rough ehe@hthode flow path via the
urred However, .in this instance the cyclonic relief

cathodsz Valet AWACHR HB< 39t 2g1 8 fefhREe et BT calct 7. After

passing riﬁr‘éﬁ%t Headatidag voin®! WihinRhE ﬁﬁy Eﬁl 'stﬁcﬁ ey, Gt st lof

exi t ne 121 forces water through the wdter e ectlon
the stack rid Otvomihredenthasle wateresxitclinet B lrangnintos hedeht dxdbangdr 130. A

tted th t sh
mixculel Q5 i BT ot b oo Bl B il Sbtor 1.
CondeRjedCivetr fth@mpisies aabiddteoNattr drine RESISS ahriatd 'Eheawater

single water ejection line 128. During operation of
contaigrpentfygasel d40.| @s@@msmﬂ(weﬁﬂ dhe mtdrrog’@rfksw line

4. B oL LR SO0 AATHRL HSTFE Tl e o

least pm”aley opéij t8@ohesl the pﬁssl@éwﬁﬂrﬂ thdeatbcie e paal er
injection inlet 127. After passing through t he cat hode

vol une VVI t hi n the fuel cell stack 110, water passes
With 18 {nth® r
. 8l B! ol 18 B MAEEE i i oce
volmneklmiwhbwghm&nﬂttreofudlecﬁlesiaol@tHr Vabsed SBhi®lugte éfegated to

g par at or Ig-hlﬁ} v\g{ler t hen passes
maintayt s AR presYarURA BedPAC YOlEmE 28 he AT AL YenEo2gangected
to the %8&@'0{3@&”159\’ fseshs 1dQed. A@tl@ﬁ%ﬁ?%%@ﬁ&&'ﬂe& £ thE dnode

hrough the water overflow’l haust gases are
exhausé jSeeaneds s¢pamierh inté diqeidhandsgas gihasesowith wafurtber] @@ter \whpatitor
163 is held at |east partially open to control the
" pressure within the cathode fl ow path.

On shutdown of the fuel cell éystem 100, the fuel supply to the fuel cell stack 110 is
first shut off by closing the solenoid actuated valve 153 on the fueI supply line 155.
The shut-off valve 120 on the cathode exhaust line 122 is then closed, while the air
compressor 133 continues operation. In practice a time may be required to flush
through the cathode flow path with air before the shut-off valve 120 is closed. The
pressure in the cathode flow path then rises. The water ejection line pump 132, if
present, preferably continues operation for a time after the shut-off valve is closed, to

allow water to continue passing through to the containment vessel 140. The
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Wth reference to figure 1, fuel gas is fed into the
anode inlet 156 and into the anode vol une (not shown)
wowdobiossshe fuel cell stack 110. Val ves 153, 18dT/6Be008/003256
operated to maintain a desired pressure within the
anode vol ume. The manual valve 162 connected to the
contaiameievessal pump P50 ceasenpperatidng sudi wat@pconsaguently stops being fed
. j et om.t he ano exhaust streamis separated
Hﬁoﬂ%ﬁ%%mﬁga%%%ngﬁﬁoﬁﬁgeSz%ses with a further water
separator 163. On shutdown of the fuel cell system
100, the fuel supply to the fuel cel] stack 110 is
A shogtj pugging gprratisof ofijpe aneste; finy path may alspobeiused dyting shwtdowa to

: fuel ' . .shpt-qff _valve
cict 135 LS e kP b B D W B s
anodewhit|lvalvelé1 afotlowedrpy demessufiddion @ftheaede opfrtinahe fled cell

ractice a time nmay be required to flush through the
Smd‘ﬁ%%hode flow path with air before the shut-off valve
120 is closed. The pressure in the cathode flow path
then rises. The water ejection line punp 132, if
Air beprgefhmhed thpough ehadatlyodediuw patk forogparesituad watew outiof theeathode

o e RS o e o
. ' | | on,
exchaxgg;ég 130 N8 CAB LR A TRMaraY &S BE. %%Pp%xg& flg‘g aplﬁlﬁrtﬁ)s O?ﬁt'gf’uﬂ'o% the

wat er consequently stops bei 0
separatogt13d dbrough re Watprerstirodinei 128 ahdSntosths vaitdr contaginment vessel

[ f-th de fl h ) I be. d )
0. S5 SRl e PGl e R 55 R S8 frene

water bhitod¥ tBatcBthodéd Vbluiatiarthd idd@ell @facRd 10 HARUE t1RPEMESe water
anode exit valve 161, followed by depresSurisation of

injectipm glefrigd eand dhrangh the cathede weater drjiettian sk 1261md thie putgsi pagt
hod l ow. path forces resi,dual

238 of the1208i5e UK PR ARE AT SIA0BE: e SUAB Rt BF Pkl S

110 and through the cathode exit |ine 121, through the

heat exchanger 130 to the water separator 131. The
The abglififo parge m?%ﬁ%ff@rcaﬂ}oéﬁmﬂpw&% Bapughgp theswaten peniginment

t r 14 i A .
vessl 10, YASL R DEA ) X, 0L SR Bl g e
distribatiomsgrdletiéme tocted teaddeedi Forpr wproal dzendf fuelr deliastack dorcanigmotive

. water_out of the cath volume |n the fuel cel] stack
apphcailfes’ttmsW%ﬂ%%ﬁ?ﬁ@ﬁgg%%waﬁeh gagirgRoyed fem tbe cathede

flow pAth! QU8 Risd BEthe AirBHRARGET331 BIHRE AR ditd SRy taR

ppurge port 238 ofé?he reverse flom1re“%§?%%§§ve %13 ces
the numberaeidcompanentatrequinssnamsl avpidst excessied drjir(y odthef thbifuklt gell
stack. :'ﬂ-éeo r\%lrg%g)}é’n\%%ﬁxi gifle:] %‘ﬂ{ Qaen %haetnhl?edﬁepftligvg %%‘eh s&ilt']a:b?eu gtgtet ﬁ)r a
sub.serqu'ent start-up operation. Timed operation of the air compressor on shutdown can
be optimised to provide a balance between removing sufficient water to prevent adverse
effects from sub-zero conditions and dehydration of the membranes. For a typical fuel
cell system, the air compressor may be operated around 1 to 2 minutes after closing the

exhaust valve 120. Hydfogen gas may also be used to purge excess water from the

anode flow path.

Other embodiments of the invention are intended to be within the scope of the

invention, as defined by the appended claims.
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vessel 140 allows water, which may be trapped in
internal features and water distribution galleries, to

wheowemssed. For a typical size of fuel cell spekBR@®B/003256

aut onotive applications, this may result in around
30m of water being renoved fromthe cathode flow
CLAIM&® h. The use of the air conpressor 133 rather than a
nitrogen purge feed reduces the nunber of conponents
required and avoi ds excessive drying out of the fue
1.  calthethéd6Kshutth@ deRmtypendsn bfa flkecdl fklent sdmpiigig Beuel cell
kept in a nore suitable state for a subsequent
stack, greanethog corprrising ba seqpentiad sispeefat i on of the air
c SSO ptimsed to provide a
R SRl T M SR 8RR vter to pr event
ajiy elosifg ef SIRELE Yalanos uh-exBdudt tind dh e so@Atinication with a
dehydration of the menbranes. For a typical fuel cell
cathodg\syptem oft the fugl celt snyserasthe cathade pisteam spmpBsing aciathede fuid
Halths | he exhaust val ve 120.
ﬂow}%gﬂ%ogé%aﬁggﬁﬁggﬁgfé%ﬂ%%&Used to purge excess water
f i) mpichsuriihgdehd | eathqdat kystésh heithe rdno diirmesvhgpredsot i fluid
i nvention are iptended to. b ithip the scope of the
commpHERHRPIHH & G alrﬂef?t BYrt m{geﬁf&ieﬂﬁ@ac B mb. CLAI M 1.
Aiv?%%&i}% WhteStbth thd & Wo@&%l pation of a fuel cell

syst’em conprising a fuel ce stack, the nethod
conprising the sequential steps of: i) ceasing a
|y of fuel.ta the fuel cell stack; .ii) closi a

2 oMo of i} hoisih S c®) poBbRR: gbfdpe waier Hhot he
cathod€ SIEVLIHLE Blrbh oMelob nfdr&t hode system of the fuel cell

system the cathode system conprising a cathode fluid

f4 osthpde watsagsjentgont hine iy Hlvidh gohowinicatibh wsitha ekgathade) water
.. ..pressurisi the cat hode systemw th an air conpressor
injectt ’hm?ef%b‘? gleéﬁ%‘fﬁﬂist@glf’i on with a cathode air inlet port

| dwhtBesdpatorcel | stack; and iv) ejecting water from

the cathode flow path. 2. The nethod of claiml
vingebexrhanges 4¢) conprises ejecting water fromthe
calhe n{rh epath t hrough one or nore of: a cathode
wat er injectron line in fluid communication with a
cat hode water injection inlet in the fuel cell stack;

a_water separator; ..
3. The method of claim 2 wherein water is ejected from the cathode flow path to a

thermally insulated containment vessel.

4. The method of claim 3 wherein water is ejected through the water separator in

an exhaust line of the cathode flow path and into the containment vessel.

5. The method of claim 3 or claim 4 wherein the containment vessel is a vacuum-
insulated flask.
6. The method of any of claims 3 to S wherein the containment vessel comprises a

pump configured to provide water from the containment vessel to a water injection inlet

in the fuel cell stack.
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a heat exchanger; and a water return line. 3. The
nmet hod of claim 2 wherein water is ejected fromthe
wa@ 200bodE33 | ow path to a thermally insul at ed coPtCEHGBR®RN03256
vessel. 4. The nethod of claim3 wherein water is
ted through the water separator in an exhaust |ine

ej ec
7. othQ methed ohelgan f vdergn e pumpdicatelohe pemp dhsubimenggs by water
Y/ . thod of claim3 or claim4 wherein
Wlﬂurlttﬁéégé%lf‘%fa%pégs{eﬂ%ssel is a vacuum nsul ated fl ask. 6.
The nethod of any of clains 3 to 5 wherein the

cont ai nnent . vessel conprises a punp. confjgured to..

8. pmmgmﬂmfecrlalm Y ARE R OO APTIB U e YR feligosed
idk A @t Ohtdifth&it Volurh8 & kielon®fhhert IS4, the TitRoRIdNRS
outmd%lta c?gﬂi Erﬁ}léél%er eln a punp hoélad o? t he pun% is0 on

being sarineeted)edthb pumatead by & Hiive ¢Ha&. cont ai nnent vessel . 8.
The nmethod of claim 7 wherein a notorised portion of
the punp is disposed outside a water containment

9.  VPheRBhBA of BRint QWIRI B aiV@2fRbssor 1 @pEie@inBihbstantially
portion being connected to the punp head by a drive

all waten afdsentdn théexhmesthlont afd the avaterdnighigoreline bétwean the fuel cell
C ressor is operated untjil, substantially, all water

stack 450 e ot e S saketadiinie e CPARENSR Y8 1 ect | on
line between the fuel cell stack and the contai nnment
vessel is ejected into the containnment vessel. 10. The

10.  nEheroethed obany offclaima Brig O Jurther gomprising hesubisarentisteprate
Y bsglgya%% WhofR v&gfbm \ﬁ}e AR e %ss\@?h?orvevgt éjﬁék& teaﬁ%rature
C nrf]al nmsr§ vessel above a preset tenperature by ans

by mess ofl atthemoBtaticillly adhiryH @hating tleglefteat i ng el ement . 11.
The nmet hod of claim 10 wherein the
thernostatically-controlled heating elenment is

: ; ¢ ; :
1. SPGB GG B8 o, B EmEISLIN SRS e
is disableé b @te3eti tiire afertchsitipathe siuesdftalwonpri ses a heater

configured to defrost water in the contai nnent vessel
after shut down of the fuel cell system 13. The

12. g?fggggg% GMinyPR8e Yr Qhidls"® 13 110 vikrep hEbhntiRbRht ivessel

into tthe containment vessel through both the
comprisesat heatehaomfegurethtb tbfrostavater wetharcantainment vessel after shut-

down of the fuel cell system.

13.  The method of any one of claims 3 to 12 wherein water is ejected into the

containment vessel through both the heat exchanger and the water separator.

14. The metho'd of claim 2 wherein water ejected from the cathode flow path passes
through the heat exchanger before passing through the water separator and into the

containment vessel.

15.  The method of any one of claims 1 to 14 wherein the air compressor is operated

for a preset time after closing the shut-off valve.

16.  The method of any one of claims ! to 14 wherein the air compressor is operated

until a predetermined level of water in the cathode flow path is reached.
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17.

14. The nmethod of claim2 wherein water ejected from

the cathode fl ow path passes through the heat
wexmbanges before passing through the water seper/aBer0s/003256
and into the containnent vessel. 15. The nethod of any
one of clainms 1 to 14 wherein the air conpressor is
operated for a preset tine after closing the shut-off
val . of any one of clains 1 to 14
mﬁ%¥§¥%ﬁgﬁgég??gﬁégggessor is operated until a
pedakecell sadked Ievel of water in the cathode flom1path

isr hed. 17. A fuel cel] stem_conpri sing '
céwt%g eawtemahaagt%?o%péh u&rﬁﬂ\g\naﬁg@wtwthqde.ag inlet

t t
 line, z“: d\}gﬁurre WI | u tc‘f;eﬂ %?&Qeanﬁ' ét@(%t%c )Jlﬂalﬁ% %cﬁmected in

series @adl h@rf&gueedl to allow @assagmmmet&irqulghsslmfuehceﬂrsthckp nfigured

to all ow passa air throu h,.the fu cell stack;
L B PR SRR SO ol AL GO R eatigh e elet B
CRkNeASIR 'ersulaféldeéon{ahrﬁﬁent @eis@ﬁ&d}ﬁlglu)’ed' 0SB ater throu

cont ai nnent vessel conf |gure to receive water thro g

water aetwatlmp froot the gathpdefléw patht he cat hode f1 ow pat h,

BB e e st e S4BT eR e T, e, Gl fow

path m&smel conbHi@He JebR] WarbBEh MRS Watkr |refien WREMipdAUhLitRY down

down operation of the system 18. The fuel cell system

operatyin of|thg §¥StEM- wherei n t he contai nnent vessel is fluidly

18.

connected to a water injection line conprising a
cathode water injection inlet in the fuel cell stack,

t Tiee ] edelli S¥sRt bDR1dihNE7 Rdleftgn ¢ eb@tuin@dnt Qestkl @Mfluidly
passage of water fromthe cathode volunme of the fue

connegted fo & yatek injestion line cemprising rerthodewatsr injeption THet inls fuel
cell st%c%h{hcwﬁgre eg{lorf: niilé B@nﬁg Xﬁlf%l\%dqtot Jh%fay‘@i ?Jg\;g'dﬁv? %IJ £ &he

rel cont Igure

e conpr €s a rever

cathode vohinenf thafehedl stdckvimtoethe Eonvainibet vesdehode fl ow path

19.

into the contai nnent vessel when a pressure difference
across the valve is reversed fromthat during

ONRS filel 041 Hfstdn®f Libgh 1cse¢vher§aﬁ%@ m'atgxgmborl{n?ﬁﬁé Bm gheé@ a

relief valve conprising: a first a sec

reversé 8ew mebefi yalve configured to allow passage of water from the cathode flow

path into the containment vessel when a pressure difference across the valve is reversed

from that during operation of the fuel cell system.

20.

A reverse flow relief valve comprising:
a first feed port;
a second feed port;

a non-return valve within a main fluid passage extending between the first and

second feed ports, the non-return valve configured to allow fluid to pass from the first to

the second feed ports and to block passage of fluid in the reverse direction;

a bypass fluid passage in fluid communication with the main fluid passage;

a sealing valve biased against an end of the bypass passage between the bypass

passage and a purge port,

wherein the sealing valve is configured to maintain a seal against the bypass

passage when fluid pressure in the first feed port exceeds fluid pressure at the second

17



a non-return valve within a main fluid passage
ext endi ng between the first and second feed ports, the
woewnatsss n val ve configured to allow fluid t oPEEEB2008/003256
fromthe first to the second feed ports and to bl ock
passage of fluid in the reverse direction; a bypass
feed pprt(ip rqyssistin flow franuitht maimfluid prssagsrio Wiettirgehporhtlirough the

se | v end
oypes o052 98010 AR Bt ob L35 CAI 30 o e
throughwhg e)yp@srstﬂm&wpesrsegmwhae flalapressgrevatl the second dBEd gortasicédds
tain a seal against the bypass passage when fluid
fluid Ri?ség@uﬁt the st fged part-st feed port exceeds fluid pressure
at the secondfeed port to prevent fluid flow fromthe
main fluid passage to the purge port through the
bjihmmexfsb oo rplifsabe,of alufin 20 vetadnvtie sealthg vabve fsroonfigired

toalipy {0 s St riond K o8 dud st por AEOEL B ypeiuid
passaé%os{'ﬁeh :fh;ig?géss{nle Qhepgéacﬁﬁd‘ Fé;éd gbrtt &%Fﬁf:ds Mhlid fpgeggurg O tT.he first

rsef ow re ['ve of claim wher e

feed pott by sgatdetagmursd\aeoust. conf i gured to allow fluid fl ow

fromthe second feed port to the purge port through
the bypass fluid passage when fluid pressure at the

SerPRSefse %wp&[&f PAGEEHS attl Dl HHRFeRS TN Zﬁ'e@éteﬁx{lﬁecf hth8tint is
feed port by a predeterm ned anount. 22. The reverse ‘

no les§ tham39@mbar. val ve of claim2 1 wherein the

predeterm ned anmount is no |less than 300 nbar. 23. The
reverse flow relief valve of any one of clains 20 to

2PheMeoERE flotvhelisRallve e ﬁ' 068 of QIR 2630 22 fekdih €Y sealing
di aphragm one face of ich is in fluid communicati on

valve gompiiseha resiliest dlﬁl@l@wpome fa@mfoﬂpdsisng flyiscepminpricatiapf with

TRy T e

end oféliy/bypass gHssagkai s 20 to 23 conprising a connecting

fluid passage extendi ng between the first feed port
and the sealing valve. 25. A fuel cell system

g'fl{g’fév%%s@gﬂ&l?‘ereﬁ&v@eflx?@ of! 3/)’ ! ek a?ﬁ?i g@ 8 22 m?:ﬁxgin%f a

to 24 whereln t e secon port o

conneatipg dluskpdskape extehiding betweee thesfirsbiend po dnd theaealatghvaiee.

water injection line, the first feed port is connected
to a punp and the purge port is in fluid comunication

25. VlUﬁ‘ibl %en 's?sttﬁﬁ IcBfpMahy MR Rlerfe HEWSELGAVRI JTHRY on¥ 8% 8Rlims
Af cell System conpri sing:

20 to 24 Wherem the second feed port of the reverse flow relief valve is connected to a

cathode water injection line, the first feed port is connected to a pump and the purge

port is in fluid communication with an interior volume of a water containment vessel.

A fuel cell system comprising:
a fuel cell stack;

a cathode system having a cathode fluid flow path comprising a cathode air inlet

line, a cathode volume within the fuel cell stack and a cathode exit line connected in

series and configured to allow passage of air through the fuel cell stack;

a heat exchanger connected in series with a water separator to the cathode exit

line of the cathode fluid flow path,
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a fuel cell stack; a cathode system having a cathode
fluid flow path conprising a cathode air inlet line, a
w@ adobods3vol ume within the fuel cell stack andp@r/GB2008/003256
cat hode exit |line connected in series and configured
to al l ow passage of air through the fuel cell stack; a
hedheraa a meateg siectementet lige pithe wiater separatdr iscommtested to a water

conta.ﬁ: B d%?%m}'%ﬁr%ewm?&&tljgm gg(l t line of the cat hodleI -

erein a Wwater ejection outlet
of the water separator is connected to a water

c&gtatjégnet vessel Eﬁl a first water return line. 27.

27 THéC YY) clletistery ot &l 20 MafTRin® WﬁFFéreé?%loa auileepf the heat

exchaﬁ%&% EheEd L Pihe w‘atérfasntaﬁﬁiefle%egmiag %@é}%&&?hh&
t y a econ re

e water contal nnment vesse wat er urn
line. 28. The fuel cell system of claim 27 conprising

a ter in h of the first and second ter
" ThE e8P B GBter3 et ColRpioid & iR SUBR: BtachI oty st
andg&ﬁﬁ@ﬁhﬁ?ﬂﬁﬁﬁﬂ@k@ with reference to the acconpanying

drawi ngs. 30. A nethod of shutting down operation of a
fuel ceII st ack substantially as descri bed herein,

ren t he. cco an g, drawi ngs. 31. A
i, el ] SR sttty S IREtb A ner Ry W st ag the
acco ﬁh@dra\'ehﬁgé reference to t he acconpanyi ng draw ngs of
igures 3, 4a and 4b.

30. A method of shutting down operation of a fuel cell stack substahtially as

described herein, with reference to the accompanying drawings.

31. A reverse flow relief valve substantially as described herein, with reference to

the accompanying drawihgs of figures 3, 4a and 4b.
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