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Fuel cell stack flow hood The present invention is
concerned with inproved fuel cell stack assenblies,

wapasret/bods of operation of a fuel cell stackPCT/GB2008/000645

assenbly, particularly with inproved gas flow and
thermal nmanagenment. The term jfuel cell stack
assenbl y" as used herein neans an at | east one fue
cell stack, each at |east one fuel cell stack
conprising at |east one fuel cell stack |ayer, each at
| east one fuel cell stack layer conprising at |east

one fuel cell, fuel and oxidant inlet/outlet
connections, and flow paths for fuel and oxi dant
stream or streans, anfuéleell fl ooand oxi dant

streamor streans, a fuel cell stack base plate and a
hood sealingly attached to the fuel cell stack base

PhétResefd RRen@RH 19 RShccHRAPINA Ninfprofedafifellelicahdk aésamblies, and
assenbly include a fuel side seal assenbly, oxidant

meth@ds ebpparatianaf] 3/ fucberil fiack: assemaly, pardgighewith dmproved gas flow
fuel 95&4 stack insulation, and electrical and
{h H}n 1 mianage
oY o oring connections as .appropriate. The
tern1"fue| cell stack systen1assenb|y as used herein
ns a fuel cell stack asse Iy to t her th S

Shermand sl s AEBb PG A LS S el {5 op¢ Tuel Cel stack,
E£hQk Tk c(n'efﬁlélréleﬁtstaﬁk' 8bm n?ﬁmﬁé)ath@as'i ShOTUFEEN st@ck‘"ﬁ?&r each at least

recovery system a steam generator unit, an at |east
one fileb atll etaclh iuyge coroptisiogal leystiome dheli q¢§ fued amh axwlant inlet/outlet

change of e at excha r. streans

&‘Plgl@??(glﬁ, E.%(P ﬁﬂ gajit}gstfg %&edr?pﬁ cﬂxuﬁggﬁtgean} RS Ftn%qm 3hEBr used fuel
B S idhrt QtearR of bddalmsU R flRd cBI@ taclebsbe pldt@hhd GHBod sealingly attached
conbustor. The tern1"§%§ten1electronlcs" i ncl udes t

he
tothe fied] cell staek base iataftherropsiepalsempenenta et 2 sl edll stack assembly

A & UL R0 rF e P SR, SPicp B uRpPE plass and &

6brRprRsdién byiterhUflel cell Istask dnsulabmeatd ylechival mﬂd reontrol/monitoring
'system control neans" includes the gas and fluid
EUHCEHMS\AS ARRISPEAHE: punps, air blower unit, and safety

equi pnent . Fuel cell stack assenblies are operated

taking inlet oxidant and fuel to generate oxidation

Fhederat Sﬁ(eheeldaustackedyeuemealssembazg asxmdshercgasnw emffiee] cell stack

but gfo referred to as b as at hode

Bt B2 R 00 IR DIRF SRR ot o
Féf&rn?é?t(lf 196:@&"@41'15 td Uelrefofthéd)sh dtersived iy 8psanph iskam generator
can al so conprise additional elenents

unit, an at least one heat exchanger optionally involving the phase change of one of the
heat exchanger streams, system electronics and system control means, thermal

insulation, a start-up burner, and a tail-gas combustor.

The term "system electronics” includes the control electronics and/or any power
electronics, where there can be at least one electronics board and/or unit optionally

placed together or apart, in or close to the fuel cell stack assembly.

The term "system control means" includes the gas and fluid control valves and pumps,

air blower unit, and safety equipment.
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i ncluding systemcontrol nmeans and system el ectronics
i ncluding e.g. power electronics which transformthe

wooBned7ecel | output froma first voltage to aPGEGBAWS/000645

vol tage, and/or transformthe DC fuel cell output into

an AC wave form It is common,to run fuel cell stacks

with an oxidant to fuel ratio of between 1:1 and 10: 1,

R Ecelo a0 | agsedibliek Card: cbepunet makri@ dﬁiﬁmbnidﬁntZaﬁd Hfutloto generate
4:1. Thus in gvéatlon thereehg greater v

% unF of

exirlation prgducts |(RRPIRFCteicd g St FrBaYs, 3PS slpams dyk RispRgfrred to as
I e

%%gxolffg W O &Jﬁ?cﬁfé ggk? ﬁcléﬁga yélh(:stlz%l?}figl gl-r%g%rrﬁ)ﬁqeas§c current.

Ooahlin gue:lfceﬂlh statk edysteml hsssmbhks tcan cdsuicompuose aﬂ@ltlph@l elements

el ect rochem cal [eact site gf t he f.u cel |

mgdmegystemeepning! mgan syptem; elefronjcs thcgwﬂng G p?\ﬁg electronics

@Hﬁh@fah@tgrrﬁfﬂflé Dteﬂﬁeb/ce@lfoﬁlft $@Im & $irdt voftageloat RAoidvdl@e, and/or
| ocal tenperature at the point of electrochen ca

ramarinothe DC fusbcdlLialtpwdnto an|AC wase per-ati on of a fuel
cell stack assenbly, an inlet gas streamis heated
prior toits entering a fuel cell - if it enters the
fruekomaldn @truh daell @Y AadkemigT ai ukidahthwnfuehatibaddetween 1:1 and
tenperature at the point of electrochen1cal ea

'ﬁl&ls in operation

h(M Bere eunmenyAil 1@ Kel Semers emamoaerf?- eildRcdil:
f's a thlWTA‘L V8fugfeh§f SHEAnt L o R, % VSRt cell stack than fuel
cte ity to nage the te erature of a
ﬂbl\eingahfdughtlaacﬁlehaﬂsll stack. glhefelxcaltof ekidentt gas;ﬂmv iSHefpically used to
operating efficiency of, the fu
Shblecraslie ot Gl sl foebiioss @ e B e hamya) tobption sie of
sRend dgsi gning fuel cell stack and bal ance of plant
conmponents and control processes to ensure that the
fuel cell stack maintains the correct tenperature for

{l‘gﬁlfée § 1118%f eﬁ)[ela:étg tgl%ﬁ/%ﬁ{k?lghe a?. (E:%ﬁ?& ec{ffg? X&%’ a fuel cell is

A6l {0 BB Jodal Ednisteat e St B 1SdiRY 6f dlébtro‘éhﬁﬂﬂyl mh(atoﬁ 1n the fuel cell.
operation, dynam c | oad change, and_ system shut -

Irothe oparatipe of wifuel aehl Stask g A 'tnéfiﬁgéf a&rml%laarqa‘ prior to its
glﬁerg g Elﬁ%l c%ﬁl ! 1f(1|t -E ﬁk ﬂ?véegleat t#) ﬁr{ Q&tﬂlﬁ@]tﬁéﬂ the local

FEacts on  of T he fu stack 1n a

fedpleratat lat gHegointad &Eﬂbbghen‘ﬁgal o@etia manyri&ttocetdw endethieloperational
with a |l ocal fuel cgg% erature, be

4 - 0 ,..
gificienpy apd, ppweRPPYh ofctke dpd osllimy be ﬁé\é@%“% AHigd.°The abiliy to
ﬁo%ﬁ;%%‘;egh% Yer@férﬂ’t’ﬁf‘enof‘]a's Bhiel cOP Qtang:haf Y %%Hfﬂ:ﬁﬁﬂ é’f@ec@ B?érﬁtﬂe%erating

he

_ stack it is desirable to heat >
cﬁﬁicntany oﬁuhd ﬁﬁeu ebll statleandsity ratedpomsT quipeirdubdaniabenginrgang effort

18 spént d%s1gmntg r}uél ell %t%(():/ﬁ and balant Iéeoff p an? [%I{CPI{S ang'c%gt%’)l processes

to ensure that the fuel cell stack maintains the correct temperature for the most effective

electrochemical reaction over a range of operating conditions. Typical operating
conditions include system start-up, steady state operation, dynamic load change, and

system shut-down.

For example, with an intermediate-temperature solid oxide fuel cell (IT-SOFC) device,
the electrochemical reaction of the fuel cell(s) of a fuel cell stack in a fuel cell stack
assembly may operate most efficiently with a local fuel cell temperature between 450 —

650 °C. The fuel cell stack operating temperature is typically between 450 — 650 °C. For
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nmore preferably still 0-5% of the fuel cell stack
operational tenperature in 0C) that of the operating

wao eovprogasur e of the fuel cell stack. An exanpl BCDGB2W8/00645

an | T-SOFC is a fuel cell stack incorporating at | east
one netal supported ceria gadglinium oxide (CG based
el ectrolyte fuel cell. An exanple of such an | T- SOFC

SHSHRB OBt BRYEthatfud|QRH IstRR ¢t B atirablcfodgetheykidant and fuel inlet
capabl e of heating the oxidant gas streamenterin

_ . S 0 0.100
straaoistthen femplerasigel clesede (e go wathite RpdPatpts Rifiegabby Wathin 0-10%,
480 0C. Ear typi &al I I t '

SR AL A B SR o{HE S SR BRERl Mipertlf OR) o
i dpesitigpeempaatnce slibhstfacitdedl stackt A@ sxampleasf futh an IT-SOFC is a
required fuel cell stack oxi daaﬁ | nl et

t )
fusherdt stecky igcorperating Aleasi one met SpOmES cEe Fﬁnﬁ?&é‘l% oxidg (CGO)

) ek B Pk o e IESORPL i, oy t s

exc hean geclange eysteraycaprble ofihérting thx oklanfegas syrsamrantaringtinto the

e ature of around 0 0C. h th I .
HOTRS R4t ot oot ol e EBr el R PR s
taenda xcklebr SYAGK it Qxfdﬁﬁfpgzisabt_%& aémpératuns i¢@6si@hed to be
and the heat exchange system heati ng as inlet

&

subspaptialiyurthe shmar aurthe SeQuicd, fedl ecelbafackxexidppfegas stream inlet
esign wll.necessari e ' i f Dy

Rt La B0 T LIARE DAL iy s
_ﬁl&@dilﬂih@:dl'fﬁf Qt}hif'f?é{l ) -SUH’(IE@ysmﬁVII&hT hedtingtgal fiel the @bdt exylstngmsystem
is a highly efficient but c d t '
oo St S e ST DUt SOIpL o 2 2051 ) 55 Bl 10t ow
%ﬁﬂﬁﬁ%?erﬁ%?ﬁ&@eg& 'Eheh&agéﬂi’ %gg BEednt €htefifk intd 1AE fuel cell stack at a
OXI e de T at|

ant gas stream may up o east two heat
expeeanger ofinrdumnd 8@ °6t ahéatht head dxebangexsystamychaating sgas inlet
use at. | east _t cell.s stﬁm. as .strea
2, desigh Wil

may f uel ) .
eaRgTan of et P e el sl JefiGipqiy be large in
oL 298t ibh 68, A efanRa bl Stbhfd kdadl ek Mangd1§ystene ForGl dpproximate
stack oxi dant gas stream Various heat exchange

8k Waglepene powen antput fh¢leceHsustemgs athighle pificéant byt eqapplgraand costly

iLnlet, streans are known f t prior art e.g. US
g%%ﬁﬁ%e’ﬁga%%% elgkrﬁlggépqggé%gl& However, such

devi ces are conplex and costly and difficult to
manufacture, and in _particul ar_encqounter problens with

&he deat; exghanes) sysigmy B dieatshhegfiel eall gagk RidaRiggasaiitgam may be

i A f :
R T
fieadt lesstwal fual sl dystenxgadestrbams (ecglan anode off-gas stream and a tail-gas

burner off-gas stream) as a heating fluid for the fuel cell stack oxidant gas stream.

Various heat exchange arrangements to enable heating of fuel cell stack gas inlet
streams are known from the prior art e.g. US 5902692, US 6042956 and EP 0580918.
However, such devices are complex and costly and difficult to manufacture, and in
particular encounter problems with effecting sealing to prevent gas stream mixing, and

have limited heat exchange surface area.

US 2005/0089731 describes a system having essential features of a solid oxide fuel cell

stack combined with a pre-reformer and an integrated heat exchanger, where the
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stack conbined with a pre-refornmer and an integrated
heat exchanger, where theintegrated heat exchanger

w0 p@enpors@t es two heat exchangers and an SOFC BCEGB2008/000645

of f-gas conbustor all enclosed in an adi abatic vessel.

The thermal energy released fpomthe off-gas conbustor

is used as the heating source in the heat exchangers.
i SEk Gedt exclemgér peshpasitds ewo heatapahirgens andper SOFQ gtaak off-gas
750 DegC, although an operating range of 650-850 DegC
ambysirad englesed ian adigbaticvesgslor med "t o a tenperature

of 300 to 600 DegC (para [0063]). hi nost of the

enbodi nents descri bed, both the fuel and air are then
Meathetmalrenerpy released feonh deto B gashmngms®r vyused iam thetheating source in

heat fr th t al i. t dn th t d -

e Reold e 175 SPECL SRR g et rBRbeg: o e
heheRR dpPRiilEMnRT 30 85PDeED s SafedOThé WY is pre-reformed to a
exhatsting fromthe fuel cell Stack (para [0080])

remperatge 2f B0t 600 DegGviparad 1067). iln imash of thetdreb gnts described,

.. I Astead of bein irectly fed t IS
G5t B G50 R R bt 704’ Bt o DEBASE yins he ea
hemtthbeh@arfic @binduétbgintthe iftegehted Bkt ecihaiget (pagd f0079]) or by using
However, the specifics of this teachin

thesombugipt kgt armhthethgat| enprgyifeam gheradcen @)glf ?X[bgﬁl%ﬁﬁs from the fuel cell
Bg&dbﬁ%ﬁggﬁ]) at between 300 and 600 DegC (395DegC -

par a to the space around the fuel cell stack
before the fuel enters into the fuel cell stack. The

Sl GRS bR o s
Bk PO aRlin AW ﬂe@i‘ﬁh&#@f (RE b QY RSgatt b trLh&M befdAbntering the

energy between leaving the pre-reforner and entering
fuebcéllisthcloitdelf. Stomeker, the speciies phHihisateachippergtnoneenabling. The fuel

f h I
RoelGer forrbesreroaa SR 0oL 45 DA IR - par

@abs))swfhd siRBtardunartn@uct el gtack BBfbré kRS el &ntBS into the fuel cell
estion or teaching of how this is achieved.

sugg _
mn%q. tTiherfupl sell staakr wqpisesniicbaip? sameraraireod! erikdI0Reeiompst likely
gr()g}fcp (%SE)ngét ?ﬁ%ﬁ'el 8 Y ﬁﬁ%ﬁﬂﬁ&g o?'}gw% ¢ a¢Riedes Sufficient heat
made gas gh 0 stop e gases escaping fromthe

tteegy"Bdtwicers LdaginigGhe pearefommke sndignterivez thelifadlatell stackskedrder for a

This is not a trivial te th igh. t t .
isHwperage W%@éa@étebfhaeﬂg%sg@ i Ypeen. the fHeLpapliiave to dwell in the
A 298 Woﬁ'ﬁa%&silffﬁéieﬁ' e b ‘;]gﬁﬁlt sﬁﬂgiieﬂteﬁl%hﬁzﬂd&ﬁ?éﬂ, @R§«Bere is no

to ensure conp ete gas tlg t ness over a W de
sumgpstioatarrteachper efthiomgthisais gehievesio talditionglly, Hhereris ghexplonation of

Ef\é‘g bﬁOiH %Eg“lé"glég‘?( \é\%ctél{] isgsﬁix?(;\r%%[d[ 1?6102\19 %egv%lcll s rtngge \g/a(ljsi t(ijght to stop

the gases escaping from the thermal insulation that makes up the adiabatic vessel. This

is not a trivial matter as the high temperatures and the presence of explosive gases
containing hydrogen makes for significant engineering challenges to ensure complete
gas tightness over a wide temperature operating range — something that might not even
be possible with gases over 650DegC in the void between the stack periphery and the

adiabatic vessel thermal insulation.

In para [0105] it is stated that instead of heating the fuel on the periphery of the fuel cell
stack, the air can be heated on the periphery of the fuel cell stack. It is taught that air is
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adi abatic vessel thermal insulation. In para [0105] it
is stated that instead of heating the fuel on the

w@eespmssy of the fuel cell stack, the air canP@EGB2008/000645

heated on the periphery of the fuel cell stack. It is
taught that air isfed fromthe air blower directly to

the periphery of the fuel cell stack. Again, this is .
fedrfeyma thel acblower ditdcyly td the patiphenp of thedn¢leell staek \Again, this is non-
around the periphery at close.to anhient t erature .
envlling Jiiestinetba air woyld epter e yold arpund by H%“pg'&gpyai’t flasesip ambient
LO0PRGre D GOBId ol s SBSEShicARcREsifE B AQ844E B0GDedt® There is no
tﬁ%t 's to be ac ieevcsed, and I f it Silﬁsjg%gt achi evee .ther(;/rel
supgedtioalor desclossteadihow that isiterpe pelieved, apkifat ismgt aciheved then the

PR SRR Pod Rel RS ufalelf hlhe sutce
8 Hiee R cRIWaKd by Ninfrediisife @Y f &ublp GatenfieraGizedifRfdned would
could lead to stack failure and/or |oss of stack

peroflercnseners lopal rtesseh vdueih coulgilerd tcepcke Slursgndier dage of stack
%%Cr olr%rll?mc!el’leei{ho&:{C %%u&%%?@ﬁgc?&g §odlfr?rx]gtolﬁl'ie %%Pﬂ‘?%lg g?rlkl?étﬁents in that

gas sea eram-c materia
ArBa snd/ASy 1884051/ A0 8QIT Fitegdrity of ceramivraatedallintegrity.
fundanentally flawed in its disclosure. Qther prior
art includes US 6670069, US 6866954, US 2003/0235751,

o G T

i nvention seeks to overcone the prior art

OlEF ehie ourdeierarl s nbi et V8. PRRRE ar ive 2087 PES71, US
agab el oSl bosemi40ass ersPy0s/001659] B A00b/0208BFE and US
plate; (ii) a hood sealingly attached to said base

M0e(253620-def i ni ng a hood vol une between sai d base
pl ate and said hood; (iii) at |east one
i nternedi ate-tenperature solid oxide fuel cell stack

skt ihventicideek xS eftbaicehapribreancdissleantbyess ai d
hood; (iv) at least one gas inlet into said hood
vol une; and (v) a pre-heater in fluid comruni cation

AR P e SR o el S ot e o
dads Aietcdibnatkwastamidy cormpssingt gas i nl et
(1) a base plate; '
(ii) a hood sealingly attached to said base plate and defining a hood volume
between said base plate and said hood;
(iii)  at least one intermediate-temperature solid oxide fuel cell stack mounted
upon said base plate and enclosed by said hood; /
(iv)  at least one gas inlet into said hood volume; and
V) a pre-heater in fluid communication with an oxidant source and said at
least one gas inlet and adapted to supply oxidant from said oxidant
source to said hood volume via said gas inlet,
each fuel cell stack comprising at least one fuel cell stack layer, each fuel cell stack
layer comprising at least one intermediate-temperature solid oxide fuel cell, each fuel

cell defining an oxidant inlet end and an exhaust oxidant outlet end,

said at least one fuel cell stack having:
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each fuel cell stack conprising at |east one fuel cel
stack | ayer, each fuel cell stack |ayer conprising at

WO e@stiogne | nternedi ate-tenperature solid oxi deCt/G8R008/000645

cell, each fuel cell defining an oxidant inlet end and

an exhaust oxidant outlet end, said at |east one fuel

cell stack having:(a) at Ieas? one open-nani f ol ded gas

i nl et(adlef i aileght ane omnmamﬁilﬁm ghsanldt défirsag dn aper-pasifold end of
one fuel cell stack; an t least one internally

mani f ol ded“@‘b&t lgast P‘é‘%f“els%ﬁ ]cfta&? thst one gas inl et

i nt o | fo{} %‘Qé Pﬂé?na@l |leomtg%goﬁ§é{ot e fromsaid

open sal |'east” one fuel cell stack
st ht fehsttonk rgasu Hfbetomodsard hcmdt arlems bicigHoeatied/ remeate from said open-

t hr I t d

T 357k RREodORalhE R0 PR SRR A i hooa
Séisle Mrol 8RSid BNRaNRAL hRIHIdt @h8l @dssg round e oudide6t said at least
heat transfer occurring between sai d oxidant and the

enet Brehetll stack i eaidfat desbidons opanawenifnided gan inded) dirept fent transfer

%Cﬁé ﬁ%ﬁ%flit\%rg?% gad‘? g)é{gd%npifm(f alesal aﬂl%fa(l: LP S%Q:ag éeast one fuel cell

SO lagetr@ibr 3o ehiry bataill oxldagt Bxd dzﬁdlfopéri ﬁﬁinﬁa]iddd @as thdaf said pre-
source i s heated and supplied to said hood vol une via
laqafeq baing|copBgursh sudgotbati IRfuse Oxidan isr%rﬁﬁéxda&’%ﬁi@t SHrCqtsrheated and

{'uﬁgﬂedl Os0Enb&d ?&u{?@%{ il Scl? é%pte&ﬁ:t sA39nfc FPL gk AuRinot more

et end o nearest the at |east
thae 100 €6~ belowfthe dedsg aperamhgtexmper&tureaat the tislependiofitlee fuel cell
100 O OM/Or hot t er 100 O bel ow t he e
bl | P8k e Rt TP I 35 V€ St Y below or
l?cﬁ{ek tH'AEGI@@SC bl AL il-8&SdpePiRgARBPerimird 4tahsIRikt @AS of the fuel cell
Inlet). The present |nvent|on seeks to achieve a
mmnﬁeﬁw@fk@ﬂgmﬁDp@anmnddwamg&gebﬂby provi ding the
oxi dant to the hood volune in the specified
tenperature range and achi eving heating in the hood

Tl(iﬁ nt Fvesfidryseekd toSRBicTe b @ualbeovf demifigait fad caindges by providing
uction in size and mass of _the pre-heater conpone

ths ediident bR hend \ekime pring ppqceﬁthtgme?nawe Fanes a%%chﬁ%vg heating
@qhé S3PE umEnF nlt &g% Ao R&i %&n@%u&?&{ 1n%flzet ;ﬂﬁ mass of

|na product ing the o ant 1nto the
the Ipwrheatﬁrmhq;ohmttdsai tqolﬁat malldalﬁtqir(br el dks (efltry IIIEIO dlte fuehsetll stack,

one fu cell stac and
eyl et soot Jus B eradiet Baprpeiing e §fant jnto the

Rd¥anvdiGat r&xhste%ltﬁé%en-h{aﬁlfaae&ﬁruf fhB\4€ 'I‘éds@ﬂnes ARKSell Qtack and
cause a significant reduction in the tenperature

aleadngthe oo conbth seifacseif thesat destst onenfugh el stack and in turn heat

tlhe 583 o nghet tf)?es%];tf |11§:vlerelt|? &Y seekst poe cause a significant reduction in the

temperature gradient across the fuel cell stack, in turn increasing the efficiency of the
fuel cell stack and reducing mechanical stress upon the fuel cell stack and increasing

longevity. This is neither suggested nor disclosed by the prior art.

In contrast to the example given above for a heat exchanger system required for an
approximately 1kW electric power output fuel cell system, if the required temperature
of the fuel cell stack oxidant gas stream exiting the heat exchanger system is reduced
from about 480 °C to about 455 °C, the increase in the thermal potential between the

heat exchange fluids means that the necessary efficiency of the heat exchanger system
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fuel cell stack and reduci ng nmechani cal stress upon
the fuel cell stack and increasing longevity. This is

wmeiosherreésuggest ed nor di scl osed by the prior BCT/GBRG08/000645

contrast to the exanple given above for a heat
exchanger systemrequired for,an approxi mately | kW
el ectric power output fuel FI system if the

g Bk kewhtdnBaPE Felubdar@f thé b@nﬁl@ﬂky, @ostland hask rakicethadcordingly. In
&gs stream exiting the heat exchanger systemis

dié glectisrpearss putprs dud cell sysiegs pxamgls given ppye, the mass can be
{'elaﬁ% &5 %b#lﬂ ya g]ﬁg,talﬂearlrﬂﬁét ‘% I%Eﬁétfﬂn SELERN tHel Py @Al dimensions of

ange neans th e necessary eff|C|ency of
sieh aheatt exehartmn g;etens yat asoveeysubstastidytraduded) anpthes dighdyidesirable

nd the co cost and reduced accordingly.
At TRVPBI Gk SRR ST PGPt S ghhatenty at a
Qéﬂmghe gi ven above, the mass can be reduced to about
an al nost 30%reduction. Simlarly, the
physi cal di nensions of such a heat exchanger system

ﬁgn e?é\%'t(‘)eé légtjaﬁg %g{%fqhglh%%f Ef:él? uognzaldfﬁx ane(ﬂt %reralgé.[sq{yay electricity and

FaReBhliNe YbarRheRARPad ety WeAtgitturs Sn fd{eeﬁmdlséﬁll(y) Blue ao the internal
premum In use, a fuel cell stack conpris

Jaciriealapsistande of dhrsfust eall siack compoBexts té?rﬁys &gum @Fatt%?nerated
(glﬁe% e)%?rs%g &ﬂ?éﬂt statﬁ{ a%{ h{%laEelpgtﬁ gclyﬂelﬂfs fryg! means that

eln electrica st ance of
theaemhpéahtueebf tiet ﬁlekccﬂbﬂfm)smrmmdingl’faelecalhcmntmmmsr1a¢reases along

theceer o redh frompatekCEoORGINEDS i SRAB AR e Eperature
LEHP S8t dHaGrQhe R oLl ‘§iacl@ ghd %e‘ftg B4 Mg ichslef tah thalak the gas

conponents 1 ncreases along t gas flow path from
(fhlidt gugdet teod GUhik e@(xpe)raﬁimjélffetenps generates abbermead radient along the

T T R T R
@apefdhred Qétw%ﬁ |tIC'H £Nlow ThkSarddesRE ahdy. Ehds,fthe Eﬁﬁ&ﬁ&l surface of
radi ent along the gas flow p

enerates a therna
&Qdu¢16§U|st%:k icAn fipee qhg%ren& temperAtyek abitygastiiow 8ﬁ%‘dﬂléh F%d (e.g. an
Qﬁe?ﬁ' x?lgmg Enel te %1) LEdREs epéxﬁfs(te%g%?&ngly ﬁl:(ﬂ%t et end).

ends. extern Surface o
the fuel ceII stack can have different tenperatures at

gas flow path inlet en e. g...an en-mani f ol d
frip desiighlf) togREmiss ¢ laqmabsragwgtsoglﬂan 24481 eILstrc foyorder to enable
Eqﬁdwbél_g‘ingg dpRtdds %el%ﬂ)staclktoﬂe%tfaﬁsRémllr?g {te tHriiam 1ents in the
er radients wthin a stack in order
ﬁrehbélh stacid ang tthws methefat ﬂqasteme ﬁl@bd:el]cﬁhttk ket keduces the thermally

i .
OB 2L DS BT L PGSR, s o
ghffetathrdeddiert Q6k6EE S fildl@ell BIREGIhkMical active area is not only beneficial

to the effectiveness and efficiency of fuel cell operation, but can also reduce system

complexity, reduce overall system cost, and can result in a more reliable system.
Preferably, the pre-heater is located external to the hood volume.
Preferably, the fuel cell stack assembly does not comprise an inlet gas pre-heater or heat

exchange system located within said hood volume. In particular, it is preferred that the

hood and/or base plate does not comprise a heat exchange surface of a heat exchanger
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i nduced mechani cal stresses on the fuel cell stack
conponents. Thus, mnim sing the tenperature gradient

w@eoosset760 f uel cell el ectrochem cal active ar eRCT/6BRB/000645

only beneficial to the effectiveness and efficiency of
fuel cell operation, but can glso reduce system
conpl exity, reduce overall systemcost, and can result

hdvigg AP useetdodBide &Y tecifteriBr of elicahdod, vilhme pind-dneiatuse hot side
is located external to the hood vol unme. Preferab

eriemeliig tIEehpodsfvaeﬁleagrsdemt@eralabgowa%uneanﬂ? VBT gt cell stack
fd ﬁﬁlﬁ&@aﬁtle@%ﬁ ferably,

R 80 B Rl A RS oty

quchfaar indgd gabqire-hbzeemmowtedmdﬂnn shigskeoqdl mlemdoesnohan oxidant pre-

conpri se a heat exchange surface of a heat

anger having an in-use cool side on the interior of

t he hood volunme and an in-use hot side external to the

hood volume and in thermal communication with a fuel, _

Refdraldyathe predentst yis fcbufighreditsheh thapantuse ixideny fipnf gaid oxidant

%)ﬁllrcli Ssg}aegtégga)r(lggsg{)]@ée Itgfsaocgfé% edt \'éplu'vr?l?tvi(P agé %(Ej "T)Egilsty %nesgacshinlet at a

RipeRRurt ioh gicafp tixi SIAC] mdkepefiretly 7BrEf mobpryferdbie 60°C, more

pre-heater Is configured such that in-use QX|danth q&

prafegabdy SA%nbelowiihe é1-pse epesting taMaciatispRt B 1plgt &g of the fuel cell

Fe%?e%t %ﬁ%la‘t'[‘g?is dn@ ogr L aftffol dﬁé‘%ﬁ 85&% gas inlet at a

erature not er t nore preferably
7OOC nore preferably 600C, nDre preferably 500C bel ow

the jn-use operating. tenperatu e |nIet end. of
Al e apperlaisso i ote (B call SaskssesRY GpBHInG M Aiffegay modes
%t > 35 std-&, sty Wdid oP&aRRPERS! ifiChossitid that bR pré@leateill supply

ck assenbly operating in'different nodes (e.qg.
oxidartt - ta)p thasthea«ljyv@mrac eatopetnempmﬁlretgreateﬁ tthans thpodrupg eoperating

{931%% urgla et”é ! er?fml%hlgei 82? g%!are%l daqtleatsp orge L 2Ps 190%hifolded gas

PRgrating tenperature at the inlet end of the fue
cell nearest the at |east one open-manifol ded gas
inlet. Preferably, said at |east one fuel ceII st ack

I?mr?ager bI? Osg di :%’t %Fgﬁ% ﬁlt%PC%f %cg(?ag%l tfmﬁllgﬂ{)}ﬁp rs aYlelaft one internally

shackdatitliet intesal | y conprising at | east one internally
mani f ol ded exhaust fuel outlet. In certain
enbodi nents, the at | east one internally manifol ded

%%r?&%d%ﬁldcmr L Sstk l8@&EbnARE doRipsis ?' by least one internally

mani m xed exhaust fuel and oxi dant outl et.
manifolded exhaust fuel outlet.

In certain embodiments, the at least one internally manifolded gas outlet comprises at

least one internally manifolded mixed exhaust fuel and oxidant outlet.

By "direct heat transfer" is meant that the oxidant directly contacts an external surface
of the at least one fuel cell stack. In particular, this external surface can include the sides
of the at least one fuel cell stack layer. The external surface can also include the sides of
additional fuel cell stack components such as interconnect plates and or stack layer

gaskets or non-conductive spacers.
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By "direct heat transfer"” is nmeant that the oxidant
directly contacts an external surface of the at |east

wop@sflagho cel | stack. In particular, this extePCEGB2008/000645

surface can include the sides of the at | east one fue
cell stack |ayer. The externaé surface can al so
i ncl ude the sides of additional fuel cell stack

TR e heatSaRfcaSs effidctschanand enbasiest thadt Rastsinadlel cell stack
| ayer gaskets or non-conductive spacers, Thus, direct

toclie @idams fRapsing owerr e pd tis 6aR hEClotheeling) rfealfqudheeaémg of the
{))?&fr}t Py rc]ﬁ? 1Hseéntr%qllt{p thd A9Kast 9?4 ﬁ@ Qi fRRt passing over

fect t |na requi red heating of
the oxidant prior to its entry into the at |east one

Thiogsaniel B RE ToPRD LS i WA HD B 08 A GHeny e Rd 634 of the
lqast o Igée]ﬁlef L) st&ﬁ’tj bre?ér@ﬁl&ocagﬁflﬁfe@mtd/ tHe® o8 3B 1untd Bllocated at an

Into t hood vol une 1s at an opposite end of
oppesit endealsthe enkeadtwak fedickll stagk o the Wh@n@pefﬁldr@d; Mgiege there is

end. ,\Were there
PR Gt PEASPIoRE g ieat abadpre TRT IBHCIHE dofjlt into he
0 Vangase ¥AY BETRodARM rBfioleQfadoefkriley @ uidisank e elicdpeyt manifolds.
equi di stant fromthe open manifolds. In certain

enbodi nents, the at | east one gas inlet conprises a

| Q a8 %ﬂl%ohﬂxlle% tb@ a‘?lléa%{ et 'g\ég ur a?ﬂn?? Sa sgr%‘l?e %Ls inlet. In

ast one conpri ses

alfdnﬁitﬁ’e einlbod:m{ehﬁd, theearbuasti die 1ghs mlett Inemhsd:seqﬂtlraﬁtyeof@s inlets.
inlet is located in the base plate. In alternative

enbodi ments, the at |east one gas inlet is located in

h rpat )
e e ST TSIE 1 SRRATLELS: i po. I

altornative embbdxnmqmtmttlse at|leashbnogas lah:@ ml@naied &n the hpad. In alternative

coli oy i s B PR TR el e BARue gty various

SRPRRRAGRS, 10686@Rd ahd I{dmbeels Q)&Jﬁg”ﬂdnhﬂcﬁﬁl @R Yid hedlingtaslt assembly
least one gas inlet, to encourage a desired fluid

rieferahly addibanally epaeprises et leagt aneebate deqtyraupiecempnenhlocated in
ﬁuﬁséor;nrg{xmcfjitlonp%rlth' &1%' &r leaét 0 n?:%d rﬂgtnttg' é{‘{@ g%é Iaeg@sﬁred fluid

ea one gas inlet Ts Iocat base plafe

distiibliedrd ofrgas odnp@ N themhyod @olhrey frded thieo gad dhletn- Itlsp}artlcular in
di stribution of the inlet gas fI?M/over t he wh
RO BEnts EERCe o 1eaH e Faf 1ig) F 2% geehené@,%%ﬁma;fate’t higpgnifold or

%&ko[gin@& Y ng i aﬁ@%dﬁs?@'ﬂﬁf‘fn e Wistibh@M b0t das tfnﬁv over the

vol u o hel ps avoi d excessi ve unwant ed
whala pétheihog smfacg as tHel foel. ceIIHSE'.CkI i assenatiwt thenhedping Iaeoud rahg stagnant

| ow can he so .de ed to account, for
8538 Ao YeEiBena B diogs "o gaf 90 Péigy duplt" S Eive unwanted
channelling of gas flow. The distribution of the inlet gas flow can be so designed to

account for uneven surface temperatures of the fuel cell stack.

The hood is placed so as to enclose the at least one fuel cell stack with clearance space
between the at least one fuel cell stack and the inside surface of the hood. The space
between the at least one fuel cell stack, the fuel cell stack base plate and the inside

surface of the hood creates a hood volume.
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The hood is placed so as to enclose the at | east one
fuel cell stack with clearance space between the at

wo eastioggne fuel cell stack and the inside surfRCBEGBR008/000645

the hood. The space between the at |east one fuel cel

stack, the fuel cell stack bage plate and the inside
surface of the hood creates a hood vol une. Preferred
PrifgeHdnEnb&limests Hioshovae lbelow, aind Hyyhbang g gdseindmsnto the hood

inlet into the hood volune |0 ed r te fromth )
e AP ol RoTB e RETdNaT Qb PR tapash g 1y clfstack: in-
hé%“ifnf’et '§Qéo fst cta%é‘e?i ﬂosﬁl&)@léﬁﬁﬂdttﬂe E&@M{ggl.&lﬁ%@ o ke @t?%ﬁsrt{&%le fuel cell

surftac e at | east one fuel stack prior
steckcpriorgo tdaehinp élre openivhaiifdldeel aitwhith it kan enterathe ehleast one open-

PREaie] ERetlebE HAEP BER| e T Filhgemront af |ovs

for heat exchange between the at | east one fuel cel
stack and the inlet gas over an enlarged surface area

Tihis rarrangqreané @llews firihsat exchangshetwecndthel at least ane faglscefligack and
i nal . desired t t ' '
e S55HEE, SRR A A SRR, Bl s

S

ce asse
At d therfina$ dBdrdt tbRpahture astead ®yoasy oMb simplatand tchavenient fuel
hood volune is | ocated renpte fromthe at | east one
eplesiackeassdily design.of the at | east one fuel cell stack
it will typically be |ocated adjacent the at |east one
gas outlet end of the at |east one fuel cell stack,
Idhdddition, sino ehreatt ileast ore gag pnletintoythe heodhivghiest is located remote from

te rature region the. at | east one fuel cel.] . .

g fOE’;‘inélrﬂfi G atlgicnR o) eTzpnt win opically be
RREEBA Lot T N9eRXbEARE dullb€ind dTitRe hiIRadt A6 P belBtack, which,
and the adjacent part of the at |east one fuel cel

mtapekatinnlis typiveHy therhighsst temphratrg regien plthe ableasi@ae fuel cell stack.

chan Wi ll. hi gh,. nmeani heat - '
FE DR b SR R Sl e BRS04 e rooa
{d1embBand theoldjurent garhwfahest 1adsdond fiescdlouaokdsill theref@eobehigh and
open mani fold end of the at | east one fuel cell stac

k
thi gatelod heel exsbanasty il b gheraprningsthalhesh frchange Wik take place at a
%gﬂnﬁg&gélggﬁrglte %fs thg %a?lin Itlﬁiaﬁ odo{)&ufnléqg h%?ljeh_aﬁla quévswlo'\&iards the

So t rate of heat exchange w | .
tawier opendmlaridsld harlt of xtehaintpastwond fited koell ptavke theOttemabl potential

dsret T paifeinc B AT B ohdea opa o MirldeH Sk B pe tower
é{n@aéa‘th% Ndtet dFHeaBIcBat¥el WilOSS WweRland s MOkt &ChArReBYi® take place.

, nmeaning that the tenperature gradient across the,
Ouehllcdid msarmckatriass isat exshiangedwilPpestie patbierooleh epert manifold end

{)ﬁ@?t at ﬂQ % 8 fé)lfllg l)glﬁ‘g :clﬁil s%zgcicat(ndat%gt Ql%?ed will Sc&l 218 %o&&cgmote end,

meaning that the temperature gradient across the fuel cell stack may be reduced.

Preferably, the at least one fuel cell stack and hood are arranged such that in-use oxidant
flow from the gas inlet to the hood volume to the open-manifold end of the at least one
fuel cell stack primarily occurs around the sides of the at least one fuel cell stack and

not over the top of the at least one fuel cell stack.

For example, the at least one fuel cell stack and the hood can be dimensioned such that a

narrow gap is defined between the top of the at least one fuel cell stack and the hood
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flow fromthe gas inlet to the hood volune to the
open-mani fold end of the at | east one fuel cell stack

wW@eiosae476¢y occurs around the sides of the at |RPEBEHGBRIV/000645

fuel cell stack and not over the top of the at | east

one fuel cell stack. For exanple, the at | east one

fuel cell stack and the hood can be di nensi oned such

tueattha inake Dvestdqs bsidaef flaveacrbstthe aip dfttbe aolpasdone lieel aell stack.
| east one fuel ce|]l sta and .t he hoodsuch that in-u

eyt Galb £ 1 oo 50, SR LBS PHEREER oL he fapuobhe 47 feast one
Rhcd Q Ua%lto G&d |beﬁ£&ﬁ‘it arfd thé BB@J hl’{dei)l)bck @xM@ﬁt' fl rPreferably,
e provi e aroun peri neter of op of the

tiehst walhés themhallyeinbulsted ¢ reslocaer trmngesd hdaetmeeécr fromath@ at least

t he _hood. and, bl ock .oxi.d er abl

G Foef ot kel i R AT Gel e T RN bfbsk may be

&Joafa%& 8h tdg Ot BElead oheafl caN@adkushwel it akd 6 kobd® sd ﬁlsﬁto reduce
Alternatively, a thernalléglnsulatln bl ock

breprpvflm/ pyidantoftow agross the ep eftthe ableest one fyalgpll slark eplakly such
%?h Hn(% y I tula{] {Pféglé Q{))Iﬁgctg ﬁle"ﬁ){)h %P] LEYYE %cgétsgélgo\eé?\g)%e& the at least

618 fueBI:éiDi(ackPir&lf the albby and (ph:vantt dsradarmlﬂoyv ovisithatdpnef the fuel cell
bl ock contacts the hood so as to effect ea

bet ween
sihek Adternatively ghehgadenaremiact edep ahthedie ol stk g o elieet  seal
6’&9«}5{[{‘&1& Méktrgnefiiu?lv\éeﬂvs%cﬁtaﬁg th@Ro& addreldloxffahi ﬂow over the
St ternatively the hood may contact the top of
tobefthecfelaelllstaskack so to effect a seal between the at
| east one fuel cell stack and the hood and prevent
oxi dant flow over the top of the fuel cell stack. The

he hOask 0RO Ruel UEI st prefdranl cOMBFiSdsal endGRaBNoReR Alits top, and
end-plate |l ocated at its top, and such an end- Elate

gh abeendipdpse @axah@l skiped nlgd sliraensiancd 4o cortrol oxidagh{low gigr the top
to { cK

S1/8 ol BP0 £ D50 5 Bpnaliy b Blosifion of AR, walls o

&&ﬂﬁﬁﬁmmmaﬁhx&fﬁﬁﬁﬂuﬂﬂkwﬁe fluid flom1 This can be

particul arly advant ageous i n reducing the thernal

gradi ent between the centre and the ends of the fue

l..stiac I
TR A AP SAeSL RS Tl PR G
ckre and viel dndo pethatfeel aell istack. eﬁaﬁmdi cdf sﬁtacrkl mmsytmg of &ipumber of fuel

t ture i ent bet wee t ta

cATl B e <A SuEberr o e 1%n‘?5|‘ Rty o b r<atechdginey if

ih@stén}‘;crré’cmef %@(ﬁleﬁtedelm%na&hs aroelp PhcAdt fked Wirb&Ront i Pnididlsed. To this
bottom of the fuel cell stack has been proven to be a

gridg néduiciéemof ety ovs drpen forth Lsrgll siapk ehd-alatesrat diie topeand| pjom of the
! 58%1 %?c@cgh%rﬁe%g ego@%(g) fo }4 us%ﬁ?é’ag{ a&v@gtagg O huftGhinimksah of the

flow of oxidant in the hood volume over the fuel cell stack end-plates will assist in this

objective by reducing the amount of heat ejected from the end-plate to the hood volume
oxidant. Flow over the top end-plate can be minimised by use of a physical barrier

between the end-plate and the hood which can be of thermally insulating material.

In use, the fuel cell stack generates a substantial amount of heat that must be removed to
enable efficient fuel cell electrochemical operation. The inlet gas entering at least one
fuel cell stack performs the important role of effecting cooling within the stack. This is

typically achieved by passing an excess volume of oxidant (for example having a molar
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obj ective by reducing the anount of heat ejected from
the end-plate to the hood vol une oxidant. Flow over

wa b@stiopeend- pl ate can be m nim sed by use of BCT/GB2008/000645

physi cal barrier between the end-plate and the hood

which can be of thermally insyl ating material. In use,

the fuel cell stack generates a substantial anount of
bslainetdTaixypgeisit logst egyray 8 dr Uatireesathhenakbsany fomtoxidasibn of the fuel)

cel | electrochenlcal operation. The inlet gas enteri
arosshs fucl sellsiack. HENPVar RS Baees fle ‘?q‘rﬁ’ﬁ%(f i of eergy on
g lﬁo@gﬁsetf)f gL the Géﬂgﬁl thidR g M Bl 5ehlest&tkas§1§tem-r£hc§nbl§ and so any

I cal i eved by pasSing an excess vol ume of
mxprdmﬁer(t fim theemmhbbzﬁ elehengg famthicat Jaasione okl eolysgak tatthe inlet

I t t
%g%?asrinicbﬁrlgfoqq%gt <aR mdugfé?l?) Sg&nge L%?%r%‘uieg dos fti%ct the required

R Efangt hihd ih rtuﬁﬂf:z& FREE BRSpkE enReNPiid0e tef fuel cell stack
energy on e. owers to pass the oxidant through t

t he
$ygtem @sgpnnbb)t g‘bk pgyﬁmfgbg exmal syfage 6 thgrp}; least one fuel cell stack

?Sggi?i\iltgeﬁn(gﬁ?nﬁg Sur, a% Ea?{ &Hﬁl%% ﬁ%ﬁ%@&? {na;grgbfdﬂfg ﬁ)&' an increased

a6t ©f haatl exclinnige @tachamit vohdhie ef inlfee g‘d@hrumhuﬂfedgamg the amount

required to effect the required heat exchange and in

ellinlet gagreAwskice t he power consunption of the fuel cell

stack system assenbly. The provision of the externa

surface of the at |least one fuel cell stack as a heat

Seatinglygenuectingcthe base bthelobldo thmlbmtldgedaprdfcrably achieved by

rovi ding .for an increase un xcha

Bsldins, diezie) UnEhAE | Fielt dbdfés e sl ag Qe ngnyesdtitionally
s Qfthdritlafll nsmau&lg Gidtérfl locatl betgboh e HARCHRGndhRe hood.

base of the hood to the base plate is preferab

- Brefarahlpathisytakes| thé frym ofraagdskies, and usiiaggskepeat be H%Pgd, between the

st ac [ '
R e
fhabtSRicRndgdshe ibpedterablyed tieabhlyy idshiatng ake gad-tightf gasketahich as a -
a gasket, and thus a gasket can be placed betwe

th
YRIBCUitIZaske! Qras\iqn Sapket hknsy thekhood camBe asyfaged Femeat transfer
8R! thée 15§bp§@gl%i> it & KIRE BR AL ?ﬁ@a' Such a gasket

I'S prefer er ma Iy I NSu I ng and gas-tight
gasket such as a vermculite gasket or a viton gasket

e 100 s b DY R PR Rk Shest ome of s
Bltéi‘ﬁzﬁ anf'e&ieehaARlfaces h?hl'é‘ Q0d th Fure? \hi®de el Fbod from heat transfer
Insulating material |ocated on at | east one of its

frcmnethmﬂ leash dneemebq:qilaﬁtaommﬂ absegctsThreduge heat trgngfern frepathe hood to
ate t hood &i m heat transfer fromthe at | east

%ﬁg' GO ONERYP FX§F§£ ind al so acts to reduce heat

transfer fromthe hood to
In order to further enhance gas flow within the hood volume, the gas inlet into the hood

volume is preferably provided with at least one baffle.

Preferably, the hood is provided with at least one baffle extending into the hood
volume, the at least one baffle being shaped and dimensioned so as to control fluid flow
within the hood volume. In particular, an at least one baffle can prevent fluid flow

occurring over the top of the at least one fuel cell stack.
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ot her conponents external to it. In order to further
enhance gas flow within the hood vol une, the gas inlet

WO ni08/10416¢0 hood vol unme is preferably provi ded WaTIG&2008/000645

| east one baffle. Preferably, the hood is provided

with at |east one baffle extending into the hood

volunme, the at | east one baffﬁe bei ng shaped and
ditemasvanabte Beodsant e mrovidedlvithlatledstfdne wdditivhalrsutfhes feature such

hood_vol une. In partjicular, a | east gne baffle ¢
py 2y fnegr & Foeimldbe dirpatieg Subia (" et saues fid flow

%) Bard ey &E‘te(l)necﬁl:f cedll 4k 28l gﬁéé%attb ﬁ%rythe H}ﬁoihtﬁ@ dt £a& one fuel
e prOV| w th  east on ditional surface

tdbdtacke such as a rib or finger to control the

direction of fluid flow and/or to encourage fluid flow
around the at |east one fuel cell stack as opposed to

AV bteli RBo¥ O Bhelt 1&3E0 fub Bt stRR@nf Wed haodl dre ptedierblyAmensioned
not ed above, the at | east one fuel cell stack and the

@ﬁlt@& télum der within tenkaedi vlwme.t prefosahly 60 enpanrags flig flow to
W thin fluid
tcdund e Risti s e SBLFRRDh o BB CEPT 1 ack

and not over its top. Wiere the hood is nmanufactured
as a pressed article, the draMIangI? rfﬁn be used to

Werermhedined g rmanuaciired as @ nressed Eicle, the deaw, &Balet%m be used to
ot oloBrR SpfAN f-8urln B4 efect RGeclonkROENGD Tlow.
flow close to the at | east one fuel cell stack

uel c erab

igrf ggségng[e) I{ﬂgdgpre ?{éblé{dﬁ %ﬁ% asgtggu% &F gﬁ%h%(?{ eclose to the at

ngggnggkggalgggighg@gd between the open manifol ded end
of the at |east one fuel cell stack and the at | east

one gas inlet into the hood vol une | ocated renote

EE%F%L ng]%?% agﬁeéa y d)re T 'lé)lygcg)le aﬁg dﬁg%gsb ggee %&@ﬁorlam %gst inlet to the

héBdS ROl GRS pbbmh@cpsmweéﬂ a@ dgpen alsanmldeﬂcma rodgke gakeadtlonw fuel cell
towards the open nmanjfol ded end of the at | east one

stack andethe atsleat ene sergmlat sHa fheyhood yelumrgtopdteh Emejg Sergfpgm. Such
?rﬁydd ?Stq 1P of g%s 191et @ﬁ%eﬁl&sﬁfon@@ %Hgéﬁsléde@‘ﬂnﬂ @ﬁz&‘)eﬂ RAnd its in-

0o FUre and alter 1 tenpérature of
aset @k iflogy dolntrollé(hﬁ) aasttoleaaatragmrgas memtowardsftm dp@miamfolded end of

the at | t f uel
e Toshaane g et denk. duieipBete BHisRHEE B pef g B used o

EfroRtind Qﬁ‘értthé’ 136 EQQJ xtaieQHaﬂle 8651 VAlh@k aR@iahtbr h@NedPerature of the
significantly cooler than that entering by the at
basasitering into the at least one open manlfold end of the at least one fuel cell stack.

For example, during shut-down of the fuel cell system, the gas entering the at least one
additional gas inlet point can be significantly cooler than that entering by the at least
one gas inlet point and thus this will greatly speed up the reduction in temperature of the

fuel cell stack resulting in reduced system shut down time.

In order to further facilitate heat transfer from the external surface of the at least one
fuel cell stack layer, additional features can be provided, including for example
protrusions such as fins, fingers or arms extending from the at least one fuel cell stack

layer (preferably including the at least one fuel cell), providing additional surface area
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one gas inlet point and thus this wll greatly speed
up the reduction in tenperature of the fuel cell stack

WO e®al1o476@ i n reduced system shut down tinme. |PCDGH2I08/000645

to further facilitate heat transfer fromthe externa
surface of the at |east one fyel cell stack |ayer,
addi tional features can be provided, including for
goredsplIgicp hoidtrenshangs canl cdkegadei and/or ftd mgerusagertuchubmice in gas flow
extendjng fromthe at |east one_fuel cell stack |ayer
%lﬁfeetPé}f‘%%P‘i}‘ JURACS 1 TR Yeheat 'SRt one fuel cell),

provi di ng addi ti onal surface areaacross which heat
exchange can take place and/or to encourage turbul ence
The ghardncowetass etht choodearstt thekats leastaere fusl jaghr Back kwax or any
transfer. The cl earance between the ho and the at
o8 dierfdan © SRS, ety U5 by brafifily 3G to enbance
EREIG BRIMHAS héad irhadTer dcek wicefehtigs ein is preferably

arranged so as to enhance gas flow and thus heat
transfer across the feature. Preferably, at |east one

0 sh (.S ' t
R 25 O3 Bl e Rhrb B E00Re¥ant 0Pyl 1B fuct col
$tadkblay@ne erden tag@emblteratbulencaisgastflow system start-up

during which system operational efficiency is

sub-optimal due to | ow operational tenperature, the.

: SOV - i -optimal

Y GE 5GP Gyl AR B A s
dyzatotlbwidpardtipngashnpénaturd) ghdboail canl beanprovisled eatheathenert preferably
heat er.,, .for exanpl rigr. to its.enteri t he, .
Sbdrcital et 2Aeegr v ani-yos e (e cEly §85) in thy hgd volume
eSO BY thChdatdr] tor BXdrdfle biof toSity @lt@apaht Bpéh-fRRif1IAREd of the at
vol une. " The heater is preferably nounted on the inside
loatfone duad el hiack arrte pATtICHIATIY PriOT Heitsiplgage migthetheed volume. The
hood.. Th at y. b i I .
PR . S R Rlor e e P BPUEHoBl of B it Surtace of
thahob& TRdrafer Ay de diadk &bt material smilat tovhataed fatksttieElements.
on application of current. hi certain, enbodine

.S,
Sliematives) Wet Fodarannbe e KBS Gieos Mamal Wagh deats up on
%ﬁﬁ@ﬁﬁkxﬁ&ﬁﬂ@ﬁﬂ’ pl aced or | ocated around or contai ned
|

a gas distribution conponent (e.g. an oxidant inlet
into the hood volune or a flow distribution device)
- use oxi dant

uch that i e.g.,ar) enteri into the
ot U BRG Ge St SlehBe Pl FSLBh O Larhafi cloment
RHHPBE, PR or 18tel @AIURE o Somtafmed RO eRE dib@iblitié cdhionent (e.g. an
pre-heater. Preferably, the internal surface of the

dradantiinleprintei e chaaidt yolams warpaflows istibution dgvice) such that in-use
oxidant (e.g. air) entering into the hood volume passes over the heater element. In

certain embodiments, the heater is a component part of the pre-heater.

Preferably, the internal surface of the hood is provided with a sulphur absorbing or
adsorbing material to in-use remove sulphur from the oxidant prior to its entry into the
at least one open-manifolded gas inlet. For example to entrap the residual sulphur for an
automotive auxiliary power application the sulphur absorbing or adsorbing material can

trap sulphur at levels associated with operating a fuel cell system in dirty city air.
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adsorbing material to in-use renove sul phur fromthe
oxidant prior to its entry into the at |east one

wop@sAers f ol ded gas inlet. For exanple to entPEDGBRE®8/000645

resi dual sul phur for an autonotive auxiliary power
application the sul phur absorfhi ng or adsorbing

material can trap sul phur at 1evels associated wth

PREEALIY NBe Intb Bl stk oBIHEhEHd isprévitéd withtayCr adsorbing or absorbing
air.Preferably, the internal surface of the hood is

pratevial] dor wamplalr(}he af@l@m PHR RERIHE, B’o@d%sﬁlrﬁfﬁoh‘*a?@f ¢hypmium species

;
o G5 i e R B, PR of € g o

Eﬁﬂw_ng t he possi b| lity of Cr poisoning of the fuel
cell cathode. Preferably, the hood volune is at |east
partially filled with a thermally conductive mesh,
fggﬁl t%ﬁ E{)&) [6Rimeqs af l'gllét Ertim?% ﬁ[lé@bvﬁ%‘ tﬁghﬂdi‘lylé%ﬁductlve mesh,
Nances transfer between e at |east oné fuel
ﬁetlwlorls bafikreandt fille nyatsrial Mirieh prm‘eeinhEIhq@§ l@vdhanafer between the at
material is el ectréﬁ_lall onco

gﬁagf@,eafgq: y;elg stack an %rtegaé}gﬁaﬁ,y 51{0111 aerggiter%ln s ele fctncally non-

bﬂd%we ﬁ\ﬁ&%fﬂ}bﬁgablrsahﬂ[ ifls coated itls b RAMTorRAST Rilpigur absorbing
material. Preferably, the fuel cell stack assenbly is

aththirtal, (andtlalsylppmoadeémng/\maﬂQﬂaln at | east one gas heat
exchange system external to the hood vol une. Mre
preferably, the at |east one gas heat exchange system

PRIBLDISCheFudlQR]l stk Raseam 1R \Wdariondllycproviled wifH afi 4t least one gas
communi cation with the at |east one internpally

haamefc@haag@j syyéam exfermal tofhe hped yelameq Woregeterahly:dhg pideast one gas
w [ e e;

L e

Ebrﬁhﬂlﬂmlc':[ﬁldn?wﬂanhahﬂ lowst boe 1rﬂemhlbsmamrﬂddc®gamdlet et palise utilises

coupling of the at Ieat one gas, heat e

SR tleh Bas s g Real b oUE (R AR S o T sy e 464 volume

‘Bg:'h% Qed &3 (ﬁ)‘ilﬁ? ledaid. t1Rid SntaBt foF® Elé‘é@sﬁehﬁl Red fiefi@eapling of

he fue stack, the inlet fuel is also heated

thie ar l¢ast ione gast beat rfgmhmef%terrc ofith ¢heydmlet Bas gnflsthe internally

ref i eved by passing the exhaust fuel flow
é‘?aé‘ﬁg{df"&@gﬁ E’Fnal |y manifolded fuel outlet to a

gas-to-gas heat exchanger and an at |east one

condensi ng heat exchanger to renpove water nd .
Peaforably, ko Garther frapraui (6 PertorayaRan e eyl pFlbajapih fhe inlet fuel is

P%nt a' § Iigmorre%c}tg %n{eﬁgl; tﬁ@‘cfuelgt{%ﬂ LiBs. hﬁﬁé i$ g?éf&lébly achleved by

al ne e unuse emdc energy 1sr cover éd

pasfigfe ekhdust fuebflowailongthe eterhalty mameem fuiteh eutéethaagas -to-gas
oxi dant flow which has passed al %ng ﬁ
heat exchanger and an at least one condensing exchanger to remove water vapour
and recover heat. The now drier exhaust fuel flow thus contains unreacted fuel gas, and
the heat energy retained in the unused chemical energy is recovered by passing it to a
bumer where it mixes with the exhaust oxidant flow which has passed along the
internally manifolded oxidant outlet and burns. This creates a high-temperature burner
off-gas which is then preferably used to provide a heat source for heating the inlet fuel.
In certain embodiments, this heat energy is used to support an endothermic steam
reforming of the inlet fuel. The burner off-gas is then preferably passed to a steam

generator unit to generate the steam required for the endothermic steam reforming
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internally manifol ded oxidant outlet and burns. This
creates a high-tenperature burner off-gas which is

wao b@s/1pr7ed er ably used to provi de a heat sour cePdDGB2008/000645

heating the inlet fuel. In certain enbodinents, this

heat energy is used to supporfg an endot herm c steam

reformng of the inlet fuel. The burner off-gas is

bdfere @reiny abloptipas seut-up barrst eaih gententeoteringi the tiplet gas heat

%ggerate the steamrequired for the endotherm c steam
BRI ore entering an optional start-up burner

unit and then entering the inlet gas heat exchange

system Were such nultiple heat exchange steps are

]Mh@m shet mulltlpleshephcmh@ngwtﬁgs aard\pa%tlé@b oUi§ parftpularly advantageous

?j‘gls g‘%sgﬁgél% {_Oophtegggalgvﬁlcio\ée % OI'HQ¥ of %ﬁ gt A ﬁ&ss{btﬂee "f#Sexample,

SroCidanode aa@veq{eem)@ahngre%atcmmdamemlmfa«s ak aflkhst@ne combined
conblned unit provides for a reduction _in the size of

‘l*fhb prayides der p redutien 4y dhe §izg A thp|fyel be‘r staskatjstegr agsembly. For
hdegd cﬁfh@ﬁﬁhgﬁ@eﬁﬁ %ﬁératofru%el rr%f&fngp éﬁﬁfa&r B®1& can be
coo er can be provid I'n one unit. evice or
plevidee sn ioge pnef Suchid Yeionnedeacesdss rpeezfeﬂablyt @nlnh@ed directly to the
unde |de 0 base pl at te ta.t f uel
atide basrie aosfs e SEHL SGPLSdr.ofep Ko iy ensths are
gl%ﬂﬂgﬁﬁlly Btk aéqdp%zﬁ DIFOEINR6E RB ArePthifiisel Hed@dng part count and
duci ng part co and connection | eakage risk and
ginmpétionyleakges sk e awpbfingsyseresssemblyy, the at | east
one fuel cell stack is a netal -supported internediate
tenperature solid oxide fuel cell (IT-SOFC) stack,

PRIRaHY ahe hekhit 0as filehdeln Etablﬂ1s@n&ﬁﬁé@%rte@hﬁérﬁfeﬂb&@ltemperature
the hood is manufactured fromat | east one

soldonsds fuecaeli SOF Cirsagk. Ao @rofeseb oras SAuER S SSAP-

these materials, for exanple a plastic coated netal

hood. More preferably, it is fabricated from stainl ess
Bﬁe%hbly,fthé h&xﬁi&phzmufannn’aﬁ frbm al dengt ahealvx&erg),f plesticli aepnain @r metal

di.ng,. brazi ng, n For | ow tenperature fue
‘ére‘i‘ Fnlam 3t At BT of Fiese RIS Tof Y EThlE) Afliceteptegrmetal hood.

%?e‘fexfaﬁ@mllalss deh@ﬁle@ fFHrfi‘Sstlﬁlef@Et@él' For eXirRflEroRhYG by deep
ood 1S thermally insulated on at | east one of its

dnawu@ tendinguarsi @L@ldlmzrlerapns,f er abstingorFor Hewotemypiegature fuel cell
e, in S ingc hu
R B R AR U B A B L p Bt marei

mat ch, or can be made from nore than one |ayer and
nor e than one insulating material. Preferably, for an

Pusfessttnahebeod istharme iy anfplatedan & 14asonecedifs 1agide wid oufside, more
%{"eublgr W Ghe oﬂéi&eakbsfbphﬁtegﬁg’lﬁﬁtﬂ?gdla%ygnﬁélﬁdé"Qutaarfi'nro§t11m1ted to

those which are wound on or formed to match, or can be made from more than one layer

and more than one insulating material. Preferably, for an intermediate- or high-
temperature fuel cell system, a multi-layer insulation is provided comprising a first
relatively bulky inner layer capable of withstanding the operational temperature (for
example an insulation provided by Microtherm Inc. (TN, USA)) and a second thinner
outer layer comprising an Aspen Aerogel (Aspen Aerogels, Inc., MA, USA) capable of
withstanding the operational conditions external to the first or inner insulating layer(s).

Overall, this can provide a particular advantage of reducing the overall insulation
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relatively bul ky inner |ayer capable of w thstanding
the operational tenperature (for exanple an insulation

w@e@sittigeo by M crotherminc. (TN, USA)) and a BEDGBR008/000645

t hi nner outer |ayer conprising an Aspen Aerogel (Aspen
Aerogels, Inc., MA USA) capalgl e of withstanding the
operational conditions external to the first or inner

{616tk 3FHiREpIoRURAG fox indMNftion | capabldb B withstaptiny teipepatures outside of
particul ar advantage of_ reducing the overall

tha onerating remmerarerewmrged e Qierdaysy msylaticAsul at i on

capabl e of wi thstanding tenperatures outside of the
operating tenperature range of the outer |ayer

Thes pleatritdnventiba ipregsaiyt apiphivaiie itofudl ceb gtaxk| assemblies which use a

applicable to fuel cell. stack assenblies ich,use
Vet b oy anEs et YARE D oW RV g T B¢ FRSgeiow.
counter- flow and cross-flow. Al so provided according

to the present invention is a fuel cell stack system
Abognbyided aenording ite) the Presdnt dejention ek fupd seltstagk system assembly

accordi ng.t resent, invention, Al s provided
Seasrang el e ESaHy bR Ebe B orSonah Ry S;
operation of an internedi ate-tenperature solid oxide

fuel cell stack assenbly, said fuel cell stack .

Albsocpriovided epeidingntp the presemaiguension; s a(method gfpeperation of an
e . j se.P f Lpi a

RESpeliicBbbARNE ol Sus BAEIPLALE RRIAET Ll MeFcell stack

gdsémbdlyabnipeigisi: one i nt er nedi at e-tenperature solid

oxi de fuel cell stack nounted upon said base plate and

encl oékd bYyP&5iPR%ood; (iv) at | east one gas inlet

into ggid Dhagsh y&liﬁg&;‘f:aﬁamd(ty)saia HREEpRRALRY ddffidd #hébd volume
conmuhrcation wth an oxi dant source and said at | east
one gas i nbaweemshidbizpipbade 4l widhindod; oxi dant to said

hood vo| une via sai as. | nl et ach fuel..cel |

conpr%{’é) ngata{?as%lé%‘[ng%ﬂ’ga‘fatféﬁem@gﬁ urg solig o¥ids g‘fe,l Cglglg‘%lc(k mounted
fuel cell gioicdsid suEeplatOiniaranBlobd W sai®Rsdd; one

i nternedi ate-tenperature solid oxide fuel cell, each

fuel @ell wdeashoryeaanniehinteaseid hapdetolwnel aAd an exhaust
06 83 0% Lol A ARG 1 okl i s
def i ni hg aRa9 Pas gaRinldt ahdl adaptedab supply oxidant to said hood volume via
said gas inlet,
each fuel cell stack comprising at least one fuel cell stack layer, each fuel cell stack
layer comprising at least one intermediate-temperature solid oxide fuel cell, each fuel
cell defining an oxidant inlet end and an exhaust oxidant outlet end
said at least one fuel cell stack having:
(a) at least one open-manifolded gas inlet defining an open-manifold end of
said at least one fuel cell stack; and
(b) at least one internally manifolded gas outlet,
said at least one gas inlet into said hood volume being located remote from said open-
manifold end of said at least one fuel cell stack,
comprising the steps of passing oxidant into said hood volume through said at least one

gas inlet passing it around the outside of said at least one fuel cell stack to said at least

one open-manifolded gas inlet, direct heat transfer occurring between said oxidant and
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said at | east one fuel cell stack; and (b) at |east
one internally manifol ded gas outlet, said at | east

wop®sgesed nl et into said hood vol ume bei ng | ocBCEGB2008/000645

renote from said openmani fold end of said at | east one

fuel cell stack, conprising the steps of passing

oxi dant into said hood volunme through said at | east

DRex a5l sl diasidianGastionafadlrdll stack taytisprite totntspbfisaad oxidant
| east. one fuel cell stack tqQ said at |least one )

b Rai e RS ldge 228 gl SaidIMEER A BRINg PORAREed such thal in-use
gflﬁﬁﬁtrfgﬂﬂ sHAt PGt §@ﬁr?e DAL ardnGipPReid ShdBboE Vb ueSyia said
of 'said at least one fuel cell staé [ ayer prior to .
gast inletofat saitemmecatdeninot rgreategrattuno peh - Gabelonl deel igase operating

i) s A e A PR S e 02
$UeRbtRflrt o1 Rkd HAGH ¥PIhSHEr Vhah 380 PCUdBIdwItRE iAtus@ operating

tenperature not greater than 100 OC bel ow the in-use
eppestimgt theriplst enduefcthe fuel lgell pearest thay legst epgeogagananifolded gas

{‘:’gﬁp nearest the open-manifolded gas inlet (i.e. at a

erature 100 OC bel ow or hotter than 100 OC bel ow
the in-use operating tenperature at the inlet end of
the fuel cell nearest the at |east one open-manif?l dedh .
ectrochemical

Beséernbly thy methodraddiionglly eorepringt Hiscs @ARfiperigaINgyn ©

Pe%@c{d with (Mfﬁan?taﬁg k1 gﬁf f idaP el ofid Bl TRANGMEchBlate heat and
reaction wth oxidant nél uel upon said at |east one
élegtictel | to generate heat and electricity. The

invention will be further apparent fromthe foll ow ng
description with reference to the several figures of

*fﬁ'f IrReRASIPRNY b Erﬂ{e@@gxﬂhg@nt WOt theSIORYWIRNYE deBdtfon BB RIf&ence to
only forns of fuel cell stack assenblies. O the

fhiegaveral: fighirguofethd asdoowpanying slrawiags whichshay byi wey of egmple only

f a fue [l ;stack .ass | yv- of the present
?Wéﬁ%?‘{?h?&%tﬁﬂ‘raés‘ﬁn lheS\AéPJ@‘)%i AR fluid flowin the
fuel BRule Bt acksiawserpinialofuthivgy silelvievriofar facBedlisstack assembly

section through [ines A-A" show ng oxidant fluid flow
in the fuel cel pfthepegeenfdavemiPy; of Figure 1; Figure 4

s a E %g\l%:ék? nt hgkﬁ)%%)éi&aﬂ?ﬁuﬁ'fﬁ;w sD@WIER 811 ${aB8 'a%efn'ﬁﬁj of Figure

cel |
1;

Figure 3 is a section through lines A-A' showing oxidant fluid flow in the

fuel cell stack assembly of Figure 1;

Figure 4 is a section through lines B-B' showing a single fuel cell stack
layer;
Figure 5 is a partial cut-away side view of a further fuel cell stack

assembly, additionally incorporating an oxidant heat exchange

system;

Figure 6 shows an alternative fuel cell stack assembly with oxidant inlets
located in the hood,;

Figure 7 shows an alternative fuel cell stack assembly with oxidant inlets

located in the hood and the base plate; and
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| ayer; Figure 5 is a partial cut-away side view of a
further fuel cell stack assenbly, additionally

w0 pwsnpos@t i ng an oxi dant heat exchange syst enPCFGH08/000645

6 shows an alternative fuel cell stack assenbly with
oxidant inlets located in th S;wood Figure 7 shows an
alternative fuel cell stack assenbly W t h oxi dant

i nl et piguecait ed shovishen dleeehtias dudlnelllzamk Jebanttdy with oxidant inlets
andFi gure 8 shows an alternative fuel cel

assenbly with olocatgftin heebase Riptgray p 1??1‘@?1%%‘&“?{‘%‘?3&3 flow

and addi tional | ;¢ ?hﬁ*ﬂ&:a flow distribution
devi ce. Teachlngs cell and fuel cell stack
assenblies are well known to one of ordinary skill in

osohgiss 8t Digboblh aBY sk Sell Yo BsB At gmown o one of ordinary
20034 B84 3and iR 2RI R 19808 UsnsToMer 2006/ dﬂ@ﬁ@f& WOIiBh75382,

are i ncor orate&%hereln by reference in thei
@Vﬁ)|20@4/98984118 e |20@5/0%8ﬁ§6d%ﬂ00@97%309u@11d 8@ 20464/4@4334, which
|d oxi de_f el| stack 10 is

3@%‘?95?%8&”18%‘5 ShirdBErccar 4 i efn‘flreti’ll stack |ayers 20,

Wi th each fuel cell stack Iayer 20 contai ning one fuel
cell a&)ln ot her enbodi nents, not shown,

bet firsi epbrdingpe of 2 duel 6akl stapk assepbl bia ighd&mq(‘:%@iefj%f‘él jtack 10 is
N T
sethsihingtone 3delanl 30Qitﬂ|sthergembd‘dﬁmbnts;eiot slsavios teaclt fueporlbstack layer
A8 oI 2 R 2 Tt Ry SO Tarhc BifGusell samprses an”afode 31,
H@Et‘?&l?@@?e&fd Rk 33 zn&{r@éﬂ sies amRki aletd RabdtAke S418hd covering a

he nmetal substrate 34 of a first fuel cel
Sitehckll Iselysrate2ibrows mgeme}ﬁ wiiichris rﬁlr,r@mdffg hym duadiceld substrate non-
el ectri cal tact Wt e interco
B%@Bf‘lf]ega)&’] 36?2 gﬂetcg}c&gy cgléc} cng% 1 éci(rc?nnec p %t% 3 (%:\ﬁcrle?é :ﬁlfo‘?dmg for
s Wlodl IThe BaskeibsBate 3HUS a Gk |fuéﬂo@ﬂkstal:@ lhﬁerrmuﬂtp&évemtbd from
base plate 40 and a hood 50 is placed over fue

semitig in© direalt eecirifal gpyta@tn‘gﬁlg the ipiesconpeci Pkats 7 o6 aég?qnﬁéldl acent
oy ?aﬁ’é%&éﬂ‘i% eg%l)(be(féc c%pa 1?% %5&6988 and hood 50 and

contai ni ng st ac

Fuel cell stack 10 is mounted on base plate 40 and a hood 50 is placed over fuel cell
stack 10 and sealingly engages base plate 50 to define hood volume 60 between base
plate 40 and hood 50 and containing within it fuel cell stack 10.

Fuel cell stack 10 is provided with an open-manifolded oxidant inlet 70, which defines
open-manifold end 80 of fuel cell stack 10. Each fuel cell stack layer 20 also has an
internally manifolded oxidant outlet 90 (for a fuel cell stack layer having a single fuel
cell, corresponding to the exhaust oxidant outlet end of the fuel cell), together with an
internally manifolded fuel inlet 100 and an internally manifolded fuel outlet 110, each
of which pass through channels (not shown) in base plate 40.

Base plate 40 is additionally provided with oxidant inlet 120 into hood volume 60
located at the opposite end of fuel cell stack 10 to open-manifold end 80.
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Fuel cell stack 10 is provided with an open-manifol ded
oxidant inlet 70, which defines open-nmanifold end 80

wo@tooBned7ecel | stack 10. Each fuel cell stack |BYEGB2®8/000645

al so has an internally manifol ded oxi dant outlet 90
(for a fuel cell stack |ayer %avi ng a single fuel
cell, corresponding to the exhaust oxidant outlet end
of the fuel cell), together with an internally

mani fol ded fuel inlet 100 and an |nter @

Putie.duel dp0 ot e GFO%F’@H“ s S 1o i EHaharS temally
%ﬂ&% 40 i s

&g@kﬁuonﬂgr“ﬂ&#ggu e ﬁ%?? ant ?ﬁﬁ%folzo i nto hood

vol une 60 Iocated at the opposite end of fuel cel

tack 10 t - ifold 80..In .yse,. f 3 :
SL256: 65 LA BRI bl Bt uplEhq 438 gpposic e
Mﬂh@ RRAkLY staaN d @ SRA-nhdigtold &Hdego. Ko@eMiMIBNnfA&ERSlow restriction
t hrough base plate 40. Oxidant (air) 140 enters hood

dayliagnk5 068 pravidadgin tomoﬂ el celhpteek 19 gndplageh ESG#plois diraensioned so

end of , t f C st.ac i
ST 4 S i g o BB, [ D, e
AFf9 dad dwultsciﬁ H@Bd fVidRImec 60 Ifroat af)lldaﬂtqnhﬂdﬂhlaamg thé@ides of fuel
and i s dinensioned so as to contact hood 50
qllestecikt 1 Caforaneaunaafoldeend &hang e dualas!lstgk HQoéﬂ@@/S 210 indicate

i.rflow thus occurs in hood vol une 60 from
%§§%§n40?%ﬁit 120 along the sides of fuel cell stack
10 to open-nanifold end 80, and into fuel cell stack
0, i ndi cate oxi

Bichekl aiagk prsplter (9" ¢ Tad FusPliry 3ae hpse Plitn $0isiscS g bgyigm end-

AcebmpRisidn RRahOMeGRONHET & afpPoRIBS R WtnpTeRihe & Rast one fuel
provi ded as appropriate to conpress the at |east one

¢etlllestadel dnsuiing: khe aersssarn gas lveal randeclsetrigalgepangetigns afyamples of

l.Lectrical conne tions es
DiiplcaPess 8] S’ PRLEHBPkBRu i it Ak gin wo 20071085563
referenced in WO 2007/ 085863. External surfaces 170 of

fuel cell stack 10 are provi ded MAth¢£rotru3|ons
Eﬁem#ibwﬁfaeﬁs {Tthef (uﬁbeellsmﬁxnl)o JiRipEdvidgwih abféalsgﬁla in the form of

Bts h% Sifgﬁcheegp sl%gd lr&%fl{ sionéd toté}ﬂ"l o oV @ﬂe sides of

ack enhance heat trans et ween
ﬁ)él ﬁl] iickof0 dndeto enkircedicatctkanifer hetsveon Itltéaafxtteribdf(bf fuel cell stack 10
Oxji dant 140 enters hood volune 60 at an initia
e Aadant §#Q of about 455 OC and the operational outl et
tenperature of fuel cell stack 10 at internally
mani f ol ded oxi dant outlet 90 is about 600 O0C. The
Orident bHdersérsthoed fvobima: 60 at 30 imtalrtempergpen ofrabeut A5S§e§ and the

operational outlet temperature of fuel cell stack 10 at internally manifolded oxidant
outlet 90 is about 600 °C. The inlet end of the fuel cell 30 nearest open-manifolded
oxidant inlet 70 is at a steady-state in-use operating temperature of about 500 °C. In
order to achieve an acceptable operational efficiency oxidant 140 is heated to a
temperature of at least 480 °C prior to entering open-manifolded oxidant inlet 70.
Heating of oxidant 140 is effected by contact and heat exchange with fuel cell stack 10

external surface and the interior surface 190 of hood 50.

In this embodiment, internally-manifolded oxidant inlet 70 comprises a discrete open

manifold inlet for each fuel cell stack layer 20. In other embodiments (not shown),
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oxidant inlet 70 is at a steady-state in-use operating
tenperature of about 500 OC. In order to achieve an

w@emepo4ahd e operational efficiency oxidant 140PCHGB2008/000645

heated to a tenperature of at |east 480 OC prior to
entering open-mani fol ded oxidgnt inlet 70. Heating of

oxi dant 140 is effected by contact and heat exchange
imitdﬂ‘nalfybmhmﬁﬂﬂéd &tldmk idlet &x t@nprades apldrality afroghen meanifold inlets for

interi ur f 190 of hoaqd 50. In his e od'wen -

?%beﬁwﬁmef)  le¥etedi o3l AHHEASF nfrRRo e@sr&% ShEWg). intermally-
LRIFSIBLE oRRER MR ITOUthpriREEh sfr%'[e ?&hmﬁﬂl%ldqm& &t @glurality of
ayer 20. hi other enbodi nments

Siebeatl) stacktleyemsl | y- mani f ol ded OX|dant inlet 70

conprises a plurality of open manifold inlets for each

fuel cell stack layer. In still further enbodi nents

()mtantsmvm)a tethpérafuiebt et 480 Weehtersiopaminanitorled 6Ridant inlet 70
nErlses a single open manifold inlet for a plurality

e todh¢ cathe Rleq:tg_yi@rsg,de ahduglgell 3 @nd an glec rochemlcal reaction
{aﬁggp L ?et i ﬁhlt%fl _P%Edah? gagg tvgl% tc%ﬁﬁ)ﬁlg gigﬁ Ny 3f001l Q&Q with the

and e cat e ctro
snode lodfat, fwigter axel éle&ﬁcaladmdr@rrbe@mggérreméth rﬁfheadledtﬁ@aitelnmgy passes
t akes place in which omgt 1% reacts with the
Wi ddeadenat elestrie e L 1 SHGWH- t he anode, heat,
wat er and el ectrical energy being generated. The
el ectrical energy passes across a |oad on an
Thendacted dhelci3Octben en@mmfuek halv3§ and Heel rcgH cstash 1ﬁm|201@@ internally

ra b bRLeR L5 e o G gl %o ek 1818%0e ' EEnsiaitold ena
80, dabihe BRbUghSEARE platd 40 ETRY Rakted ORRIANIEAD fheh xR eue%en 30 and

EESSIng throu%h base plate 40. The reacted oxi dant
lewlleetaokdam D végeintermlyanenifoldad qxadant gutlgt l?0|aa§b§r51dm>f fuel cell

iR DR eI SLA Al GbERA s1E

80 passi ng through base plate 40. Thus, the side of

the fuel cell stack 10 where the of ases (.oxi nt
Ty, hecsideued thedes! Ntk IO VR Cheoptt i R4 and fuel 130)

éﬁ{ ?4 Fﬂg ﬁ;e ol@%’a qu@llna tnllé?l‘ifoi&l:g fied ohﬂéteiﬂﬁlahd/ internally
ni ed oxi

ant outlet 9 be at the highest
memrﬁddat anidarg ontde J0twillitelat be mmetdmlpyratlhe sino¢ iteviHdgdieated by

and the o nanlfold
B3 0L ex0ptoead. AR JR aPineeifgl e S0k b frcrftest fgoe it lose
ﬁéaf ﬁﬁ!ﬁb idlBtSxid4dQ 4058 8d Sthushe R atdRO R AhAIG oténtiab E)&sts (and the
d the greatest heat exchange Wi | | occur) betwee

gméte@m@trqxahargp aallgkcyn) between thegxteanal splerod dwrl el étack 10 remote

p%@n— aélbtf Pd[ Cl}dﬁgbd an% c[ﬁ{ E@o%ggﬁnglﬁo%d%thﬁﬁé 8d amgfjpoint through

ox1dant inlet 120.

This heat exchange acts to benefit the fuel cell stack 10 since it acts to reduce the
temperature gradient along the length of the fuel cell stack 10. This heat exchange also
reduces the mechanical stress upon the fuel cell stack assembly 1 and allows the size
and mass of pre-heater 200 to be reduced relative to what would be required if air were

required to enter open-manifolded oxidant inlet 70 at a higher temperature.
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oxidant inlet 120. This heat exchange acts to benefit
the fuel cell stack 10 since it acts to reduce the

wao esoprogsur e gradi ent al ong the | ength of the PUEGBe®BI00645
stack 10. This heat exchange al so reduces the
nmechani cal stress upon the fli2| cell stack assenbly 1
and allows the size and nmass “0f pre-heater 200 to be
AESGRA T Bl Bikinees, tiRelWeRtstavkulod bhe ple@uio adl hdodas( forer gart of a
required to enter open-manifol ded oxidant inlet 70 at
larger Giebeell siaple pystam assamb]yswhishupelpdes Faingw@s heat gxghange system

el t . . .

e b ShiclRiesRhRL I8 AAAICRhIR SRS AR 19/ up o i
infiiill \liﬁl%s htétﬁp@t&tiuddi@f dbeat 46%cClangieh sxbawtad( firek-136aflewing along
200 i ch raises oxidant 140 fl ow t.hrqu X1 dant.
Ay pa Glaco el Sution 1P 27 Pt e QG dSBice] Bigy ar fue
&R0st% F)Yg'ténli‘ as togﬂiaflyﬁéat 130n4de@VeyB@nPh& % raise oxidant to a
Internally nmanitolded fuel outlet 110 acting as the )
temptiange fdf uibdut F§Pi°Capriqurtoaits emtry finfel the el edllasteck 10, and this
S stem.asgenbllg( xi dant he exc an%e Syst ghm had to mass. cost
QPO R S {4 % ROBPE AL PlPISFICAIE NeaRS 190 S i Grmass:
4@ dobrip 1y Tof thd$:@ddnf Bedt @REhafigd systn 20 ddh bewbsthitizsly reduced.
reduction’in thermal | oad upon the oxi dant pre-heater
means that the size, nmass, cost and conplexity of the

xi dant -heat . excha ‘ i .
RSARIA IR FREPERTEEY A AP 300 SRAURIEL Akl 1301

Ofo hbaed pabr eelits aterinlg 0] célhetackl1®t Thisels dchfevied byl passing the
heated prior to its enterjing f 10.

uel [ Thi
s nauiads Bywpuess ol Bemiaded fisbpuodogorp guges to-gas heat
&Icﬁeﬂ‘%ef ag?) %ﬁhla}ﬁ mﬁdst ghd @?nchgeg)ﬁh%glgﬁﬁ Slchdrdddr B0 3o remove water

gas- to- eat exchanger an at east one
cpndensi regovee AtateXbh dngrenxh3d0 fued 136bnflow thas eontsiapoureacted fuel

and recover heat. The drier exhaust fuel. 130b fl ow
FRUSOC G Bt Rt reanFaet g bgh R Hibre f focovered by
FRERGYt 61 R | 310N Yithn bRkl BRiaheaN 4R WHIh his flowed along
recovered by passing it to a burner (310) with exhaust

ioserepdhytman ddedinixédanheuslet PBvERE higly resnreraternerbamey off-gas 320 is then

i fol d ' . Th ' ‘ . .
e

IRQtERey Brusb@ad buppotthd dndbikrnhivsteatiBRforhiing &1 teformer unit 330 of
enbodi ments this heat_energy is used to support

temeetelnid0. Shebimerarbens G hep Banassseep agtim %eslsr%gqr unit 340 to
%eggrakenlsﬁatamf ¥8h AR whis ?g)?)ﬂerﬂ@,f fwigas i§ el'@% AN fR€the catalytic

sed to a steam™enera unit” 340 to generate steam ~
r2B0mirgy beforsahearing ap plptioRil Startwip mimersinitgqoi shewn) end thier entering

catal ytic reformn ore entering an optional
%%iﬁ%eﬁ%}mg‘?%mgﬁ@ot shown) and then entering

In the present embodiment, a fuel cell stack end-plate 160 has mounted between it and

the underside of hood 50 a thermally insulating flow restriction device 150 which blocs
fluid flow across the top of end-plate 160 and which thermally insulates hood 50 from
fuel cell stack 10.

In addition, a gas sealing thermally insulating vermiculite gasket 230 is provided
between the base of hood 50 and base plate 40 to further thermally insulate hood 50
from fuel cell stack 10.
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oxi dant heat exchange system 200. In the present
enbodi nent, a fuel cell stack end-plate 160 has

worpwatiedebet ween it and the undersi de of hood BOI/&B2008/000645

thermally insulating flow restriction device 150 which
blocs fluid flow across the g p of end-plate 160 and
which thermally insulates ho 50 fromfuel cell stack
10. In addition, a gas sealing thernmally insulating

vermculite gasket 230 is provided between the

base .of
Farter Soulatian papeovisiedtfer gompenepisrautside phbeadal Py 2 relatively thick
Jnsulat f r
latl%%ger%gvéw %8 heftt II*‘k%a?]l{eoglfdsin% Bliogilﬂgtte Zﬁlg a relatcllvely thin
&Qebesﬁatlir@ layd:r\/ZﬂOyoﬂ/’mmk AWI Pymga]l @TMy W}aylepv@zﬂl) pofvide the

aM crothern1FreenD | di roduct . and a rel vel y.
dasirgd ghermal ingalation p Bochg(é ?vhggtoac fevwfle 3 %é% With a reduced

l c €Il
folli g %F 1t{sﬁi-gw?1%t o ﬁﬁ%f&‘ﬁrgfa?éd to I@ﬁa@w’& Whad BT8R if the material

ermal 1 nsu od 50 whilst achieving such
oﬁthejirmbr msulaiinglagen 24 adee wak usad. of i nsul ati ng
materials conpared to that which would be required if
the material of the inner insulating |ayer 240 al one

P\%{u% 4@1%% e SBEthfoush BVB' EFimeeB) wnhKMolwﬁa&vapumoses only) an
ure with (for illustrative purposes on

41rg¢c§@d:l f:q]b$tacd¢el|ayersﬁ0a@|@l ngl)t]@paljgelaqﬁa staglilaye Pfsd‘étp be seen,
%15 ijlq 3%%% ﬁ%?% é;‘ck éasé 3 1b§ ﬁﬁﬂt 1 ﬂi't r1264\9hlgﬂtlsefo§ated at the

asse oxI dant “I'nl et
Ypposife bide |o@<f@dl®ﬁll&tack he tor(pemehﬁtesfrdm) oper- nfahlfokelbdi 0x1dant inlet

YS(th 3@? 1 4Q)henphise brop A e & ol SEh e &0 LB IR oYeR ke top of
1?%%&{;16’961(1% lb'tﬂcgeé 'bg\’)gaQE’&'img WG ring ‘?ﬁsufa'ﬁ%F vefthiculite gasket
S aC

el ng gas seal |ng her mal
1 50spositidnied besverh antlicoptagtasgkie tdbOunfassiof |f@¢1@¢llt§@qolmd -plate 160

TR F S T

BAS§8&k [9eOPE AndALded lodedtHexda8at I3nbeintetthediatd té@lperature solid
cell staCk layer 20 and passes over the cathode 33 of

 oxide fusk ¢Pl(E-5ORER 1391 wirdergnsh jag edpefraehemieal reagtion to generate heat,

éfgaf‘ésrsa%(:icgl%cz%(%ltyg , dg IR ﬁ'télg‘f(gld&%twgll 13 Oeﬁ'géﬂs He1tR11 stack

G YRR and

Y0 &idVediérhllyd mlﬁmed Huel inl301 @ tpasses fulnébr fiel Icth@bktralé) porous
via internally manjfol ded fuel |nlé%'100

regin G6| Ithfg%bt‘i’]%\‘?'é PoPese regfish @HP%@S(}% cfnfigrgoes an
?&?o%ﬁeﬁlﬁaf He%l: i&eld &f@:ﬁﬁig heatLofiaes {ﬂggﬁ!ergf%ﬁrb%ﬁ oxides and water)

ectrochem Ca rea tiron to genera oxi d
4rpf élevari¢ityy Exhaustend foxdi ldésh@medum/&mé c¥ll stack 10 via 1ntemally manifolded

fuel outlet 110.

Each fuel cell stack layer 20 comprises an electrically conductive interconnect plate 37
which provides manifolding and for electrical contact with adjacent fuel cell stack 10
components. Fuel cell metal substrate 34 is mounted on top of interconnect plate 37 and
comprises a fuel cell substrate porous region 36 bordered by fuel cell substrate non-
porous region 35. Thus, fluid flow can occur through porous region 36. On top of
porous region 36 is mounted fuel cell 30. Fuel cell anode covers porous region 36, and

then fuel cell electrolyte 32 extends over anode 31 and porous region 36 to prevent fluid
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and electricity. Exhausted fuel 130 then exits fue
cell stack 10 via internally manifol ded fuel outlet

wal®s/1&Ea6h fuel cell stack |ayer 20 conpri ses BEIT/GB2008/000645

el ectrically conductive interconnect plate 37 which

provi des mani fol ding and for gl ectrical contact wth

adj acent fuel cell stack 10 conponents. Fuel cel

flew dtons tesfutldide StifuelcetindMioete omldhmmdn‘ ofi fatleretiAntbotugh porous

pl ate 37 and conprises a fue] cell _su
Feaiicls. GusH GEPBeF By Srapnicern OB 6L arbCHIMIBFade
region 35. Thus, fluid flow can occur through porous
region 36. On top of porous region 36 is nmounted fue
Aelelec8BallFuenductd curet eorslovior énqyshoue) extagide frogsiucherd] cathode
en, fuel . cel | yte 32.extend [ ano
S PbisrS slecisy) STt R A PRART P RR 7 so as 10
for@l anl &g cirelfi, afi€h load@s plac oxthéleipduits !Adﬂlt@flaIfﬂieﬂ cell stack
cell 30 through porous region . Fuel cell cathode 33

iagerp@lj mr@ﬁosghoqqﬂrprblfopqué‘pe (;@ll|sta@ké§yqr@|0yg@ glgctrigg] shorting from
I d
Ele 8%1 ds ?r 0S¥1nb Pa? kY1 tt{) e #E&gﬁﬁ%g&g@gﬁgcg fnt&@@?neﬁp a?7 of an

IS 1IN
ﬁi}ﬁﬁeﬁﬁﬁlev\bélhst&’cl&llﬁyén Zlaislme\(mn:dlh}t ¢1E1(&ncafltyahmﬂmt@:gasket 38 which

plate 37 so.as to farm an el ctr cal _ci t, d a.
sigpnally proyidss mgshanical supn dél 351 ﬁstﬁﬂ%a\gygé -

stack layers 2 1 are p05|t|oned on top of fuel cel
stack layer 20, and electrical shorting fromfuel cel
s dhrttsen lwthodtmerﬁz(thoret b acplecdity oﬁbkylantoméhﬁs:tlm/ @re prov1ded in

e T T e o
&ﬁ&ﬂ Belpid g)bev%ﬂﬂéti' kas dTlay figws mechani cal

support for addi tional fuel cell stack layers 2 1. hi
a further enbodinent (Figure 6), a plurality of

xi dant inlets 12 I . .
na g‘é@é pelmbtodmzﬁl Qli".%lil?e 2; ) aﬂq&,ﬁé ?f gQgis tglgl%é’t?ltl g@v af,ff,] gr%glded in
Khoslt 50 kigt welh ,as par bdse Wlae 140, Imﬂpagagl pie\ienlons ttaguidirgas flow and
areas of gas flow 1ln a further enbodipent (Figure 7),

distsibufien. ippsticytarkybietpang PIRHIT £E 2R a‘éﬁa%oﬁgﬁﬂodﬁéd in hood
50 as well as in base plate 40, and again this is done
to aid gas flow and distribution, particularly hel ping
Imrthe/ embocﬁh&gn@frﬁi gmeesas pbiralgmef dkidant ihletst 126 aceprodided m bas plate

e 8, f. oxi inlets 120
F 00 Gy Ao Taligneion o0 in By B st Ging TGS metal ube
a’&vgne@ QR b ﬁé@vcn@{ﬁgutmsmsmws 0P airbegidue dosEvalume 60. in
tube, desighed to aid gas flow distribution from

alterestive Eatodimenty frot shevonchapd| distabetion devies 265 erapprisss a highly
}gog‘bﬂlgs(rj ?eg%gltcin%e Otl ﬁc’n OaV\f(]) Q(P ge%tlgtll 8fﬂéol?1l'§d on deVI ce 260

It will be appreciated that it is not intended to limit the present invention to the above
embodiments only, many other embodiments being readily apparent to a person of

ordinary skill in the art without departing from the scope of the appended claims.
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porous ceramc material, and a fornmed section of hood
50. It will be appreciated that it is not intended to

WO povBtI047hE present invention to the above enboRPCTEBR®S/000645

only, many ot her enbodi nents being readily apparent to
a person of ordinary skill in.the art w thout
departing fromthe scope of the appended

RERidMEe Mahempnce nunerals: 1 - fuel cell stack
assenblg 10 - solid oxide fuel cell stack 20 - fue
g

tefuel gelhgthck asganbly 1 - additional fuel cell stack

|& TO@IO%(QequHt%IS%%kI 31 - fuel cell anode 32 - fuel

cel fuel cell cathode 34 - fuel cel
mrtﬁklaﬂbamﬂﬂhﬁnBS - fuel cell substrate non-porous

36 - |l substrate porous region 37 -
%1e%*??%@iﬁ?lﬁﬂhﬂﬁ§HPV%slnterconnect plate 38 -

?? gk[(gplly i nsul ati ng gasket 40 - base plate 50 -
ood 60 - hood volune 70 - open-nmani f ol ded oxi dant

3! fel &0l anodpen- mani fold end 90 - internally
P etuclslEleuE™, o er nal 1y mani fol ded fudl outl et 120
33 ORlefl@dt catiyget 130 - fuel

34 - fuel cell metal substrate

35 - fuel cell substrate non-porous region

36 - fuel cell substrate porous region

37 - electrically conductive interconnect plate
38 - electrically insulating gasket

40 - base plate

50 - hood

60 - hood volume _

70 - open-manifolded oxidant inlet

80 - open-manifold end

90 - internally manifolded oxidant outlet

100 - internally manifolded fuel inlet

110 - internally manifolded fuel outlet

120 - oxidant inlet

130 - fuel

130a - exhaust fuel

130b - drier exhaust fuel

140 - oxidant (air)

140a - exhaust oxidant

150 - thermally insulating block

160 - fuel cell stack end-plate

170 - fuel cell stack external surface

190 - hood interior surface

200 - oxidant heat exchange system
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130a - exhaust fuel 130b - drier exhaust fuel 140 -
oxidant (air) 140a - exhaust oxidant 150 - thermally

w0 p®sehet7smg bl ock 160 - fuel cell stack end- pl BEAEGBI®8/000645

fuel cell stack external surface 190 - hood interior
surface 00 - oxidant heat ex%ange systenRk30 - gas
sealing thermally insulating “Verm culite gasket 240 -
230egasisbaliHgahérfglly diysalatiAl @ermioulite igaskes ul at i ng | ayer

260 - flow distribution device 270 - water 280 - steam
240 inngpgusulgingdaydieat exchanger 300 - condensing heat

%ﬁ?gﬁh&ﬂ&%sﬁg&élaéé” gas burner 320 - burner off-gas
0 -

steamréefornmer 340 - steam generator 350 -
2600{ flovg distributione®6€ - cooling fluid outClainms 1. An
internedi ate-tenperature solid oxide fuel cell stack
S5eWBIY comprising: (i) a base plate; (ii) a hood
s&Al iiaghy attached to said base plate and defining a
hood vol une between said base plate and sai d hood;
290 + pasdb gaeheat exei@ngat er medi at e-t enper ature solid
st.ack nounted

?68 d gonfdlégsliné: Eclaalt eXxchariger
310 — tail gas burner

320 — bumner off-gas

330 — steam reformer

340 — steam generator

350 — cooling fluid in

360 — cooling fluid out
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upon sai d base plate and encl osed by said hood; (ivV)
at least one gas inlet into said hood volune; and (v)

w@2@saed4temt er in fluid comrunicati on with an orRCTIGBR008/000645

source and said at |east one gas inlet and adapted to
supply oxidant fromsaid oxi@gnt source to said hood
volunme via said gas inlet, each fuel cell stack
conprising at |east one fueCldimbl stack |ayer, each
fuel cell stack layer conprising at |east one

i nternedi ate-tenperature solid oxide fuel cell, each

uel l: i N [ il ine:
b dal R LR AR SR oy R B B B B e ine:
havi n@) (a3 bak ple#gst one open-mani f ol ded gas inl et

defi ni.ng an_ open- i fol nd of .said at |le .one

fuel @B Shatece Eﬁay(%t)ag&? P gggtbaaﬁglafenﬁngr%inmg @ hood volume
meni f ol dedyg@eerPttid Bise phid shPdaid KRt one gas inlet

into said hood volunme being | ocated renote from said

openngin) f odtdeash dnointermiediatertempazsture selid greide degl iceld sigelk mounted
such that in-use .oxidant enters g . .vol une
t hrough s annaﬁaldl %agg P f enalen%gezgllgj{Olsen &é(png&gjas ses around

the oglsi dg ledst 6 ghsadlel pasdaidRd wdkmeant stack to
said at | east one open-manifol ded gas_ inlet, direct

heat €W ans# ere-raéanrinifhid semmueicaden W idandedand squicsgnd said at

external s |.d, at t o ; lhost 36# oxidant
| ayer pri ofrég{tg&gngérsyﬁg#t %ngll %‘llag’%ﬁ d?n?&é%??xggd?g ol i
open- mani f @ludedo gaid hobd eblunsaiidsyid gheiatetr bei ng

confjgured such that in-use oxigdant fro ai d oxi dant
cashrivgl ¢edl $tack %‘Hnwgsﬁtpgﬁ?téﬂ‘ettge %ql(jStﬁfrg)%ye{ﬂeﬁﬁﬁ?\‘ﬁl gell stack

Bgededh ris‘?r%sﬁt 1R 98 SnteRh&iatdterRpdrRTREINIUHEdd Alel BN, Each fuel
t han 10‘)0 OC bel ow the in-use operating tenperature at

tdileddfmireg anarxddant inl¢tend aed aw exhausfeidagt outlat ead, | east

on‘g ﬁge?- maﬂll Iollﬁsgd as. inlet. 2. A fuel cell stack

spd By one s Ak ™ m 1, not conprising an inl et

gas p{agheajigeast 0f@bpch-ahifiolded gdsdniee aefiniay di®pen-mAnifold end of

fuel cell stack asserrblr according to any of the
precedi ng #Aidptigast apefus] eelkdad; ad | east one

0 TSRS AR st ool st
snid delehy@ne @ab inlatiamksaidthood Yalehe being letaakreasse fiboinysaid open-
ﬁ)ggig(glglerq o% gai Qty legsft o%u? ?uel? (r:cSi:setgékns%cﬁ ltl?alt %hsesoa}gigan?gnters said hood
volume through said at least one gas inlet and passes around the outside of said at least
one fuel cell stack to said at least one open-manifolded gas inlet, direct heat transfer
occurring between said oxidant and the external surface of said at least one fuel cell
stack layer prior to entry of said oxidant into said open-manifolded gas inlet, said pre-
heater being configured such that in-use oxidant from said oxidant source is heated and
supplied to said hood volume via said at least one gas inlet at a temperature not more

than 100 °C below the in-use operating temperature at the inlet end of the fuel cell

nearest the at least one open-manifolded gas inlet.

2. A fuel cell stack assembly according to claim 1, not comprising an inlet gas pre-

heater located within said hood volume.
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one fuel cell stack additionally conprising at | east
one internally manifol ded fuel inlet. 5. A fuel cel

waeashogassenbl y according to claim4, said at PEHEB2@RO00645

internally manifol ded gas outlet being an internally

mani f ol ded exhaust fuel outlefs said fuel cell stack

additionally conprising at | east one internally

sani f gl el celk bracks bssembtlamsiconting i anﬁ of fhef pnebedimg Iclaims wherein

stack assenbly accaording to claim sai gﬁeas% I

said et niaRat yonaitErBIcd it -GHPCRAHIF e10 léo%'PF ﬁ]g of & metal-
el and

e R e ST T AT ks e

according to any of the precedlng claims, the externa

urfacge h one.fuel cell. stack

i ¢ Rong ool sl EPn R ar s bR s, said atteas
SeREEC s@ac'krﬁdt!ﬁl%nﬁf)f &aiprizgatat 14a8nGiedhtcheiy@emifolded Tdel inlet.
t he gas. fuel cell stack assenbly according to

any of the precedlng clalns at | east one of the

nterna ur, of t t t f

P e e 08368 Sy MR R 4, S0k 1A A mat
fanpslded Bg @Itlek Baiap adliftefrally muioideddahinest fiied outletisad fuel cell
cause turbulent fluid flow 9. A fuel II s%gck .
siackeafiditionally pmprYng of lgasy ovg lnf%allcyr@&@ ﬁiﬁgl ihayshgxidant outlet.
wherein said fuel cell stack has an in-use operating
tenperature of 450-650 0OC. 10. A fuel cell stack
éssenfl fuehcelbstick gistembdy acafrdingeto p:rla'me @i ngdcdtdeast one internally
wher.ei n said ast one inter e te ratur
QoG e Gb BRI E R det PE® HEAR TS MBERER M exgaust fuel
el xi&sk bugdiack system assenbly conprising a fuel cell
stack assenbly according to any of the preceding ‘
claims.12. A method of operation of an

nt ea,gﬁgélactfg ga%gggﬁre?n  §oc3 %Ig(t 0 do? tl{i U xjeced%% clgﬁr?sc e external

SSG

durfac@ JFake apll@beond ifiiel call oded lswl adai@hqnaﬁytoaﬁﬁmdmtgom least one
sai d base plate and defining a hood vol une between

mrairysipn adanstdiodn-yaieticet heay ér@asfelz betwgersit andthergagne

i nternedi ate-tenperature solid oxide fuel cell stack
nount ed upon said base plate and encl osed by said

&ood A(ﬂwl)ceatstdckasﬁenﬂnﬂbeacg:a&limg]toeanyi oftthe pcetling oldims, at least one
lhg 1nternap surface of the hood and the external surface of the at least one fuel cell
stack layer additionally comprising at least one protrusion adapted to in-use cause

turbulent fluid flow.

9. A fuel cell stack assembly according to any of the preceding claims, wherein

said fuel cell stack has an in-use operating temperature of 450-650 °C.

10. A fuel cell stack assembly according to any of the preceding claims, wherein

said at least one intermediate-temperature solid oxide fuel cell stack is metal-supported.

11. A fuel cell stack system assembly comprising a fuel cell stack assembly

according to any of the preceding claims.
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(v) a pre-heater in fluid conmunication with an

oxi dant source and said at | east one gas inlet and
wa@edaptieded o supply oxidant to said hood vol uneP@T/&@B2@BAI00645

gas inlet, each fuel cell stack conprising at |east

one fuel cell stack |ayer, e fuel cell stack |ayer

conprising at |east one interfredi ate-tenperature solid

0xi deAfiHého® 8f bper@amibfanahteftdiatdeémpiragregolidoxitinfuel cell stack
inl et end and an exhaust oxi dant outl et end said at

hesemblyosrad fugbrelbetpek asseraRlyRAVPHENE  a) at | east one
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surface of said at | east one fuel cell stack |aye

prior to elsastpneBasiaial apdadapted torsppply grilant to sai hood volume via

open- mani f inlet, said pre-heater being
conf i guredg)aé%g%s gﬁgt i n-use oxidant from sai d oxi dant
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Beehemapisiieat et soe dperaediae eRpRIEFE: 1Y Gidg R offfegach fue

&l Fde‘?fnu‘fj%ﬁ 4 &lny &ﬂ%} enBGRE 8 Extlig d?(@(ﬁt?lt g8t gl ded gas
nl et. . A netho

_ according to claim12,
seild bt leamn ahd fuetoatistacki haginghe st ep of perform ng an
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fuel cell fdsEBRKshefikeadl angk; sectricity.
(b) at least one internally manifolded gas outlet,
said at least one gas inlet into said hood volume being located remote from said open-
manifold end of said at least one fuel cell stack,
comprising the steps of passing oxidant into said hood volume through said at least one
gas inlet passing it around the outside of said at least one fuel cell stack to said at least
one open-manifolded gas inlet, direct heat transfer occurring between said oxidant and
the external surface of said at least one fuel cell stack layer prior to entry of said oxidant
into said open-manifolded gas inlet, said pre-heater being configured such that in-use
oxidant from said oxidant source is heated and supplied to said hood volume via said
gas inlet at a temperature not greater than 100 °C below the in-use operating

temperature at the inlet end of the fuel cell nearest the open-manifolded gas inlet.

13. A method according to claim 12, additionally comprising the step of performing
an electrochemical reaction with oxidant and fuel upon said at least one intermediate-

temperature solid oxide fuel cell to generate heat and electricity.



