WO 2010/ 020306PCT/ EP2009/ 005010 1 A METHOD FOR | NFERRI NG TEMPERATURE
I N AN ENCLOSED VOLUME The present invention relates to a
et hod forw%)%ﬁ)foids tenperature in an enclosed vol umPé@&F&dﬂW@OSOIO
particular t60 a nethod for inferring tenperature in an encl ose
vol une di sposed within a fuel cell. 11t is known that a fuel
cel | arr angemgny, 6 ARRY 3851 0P Of N0 Ged 1 BRUERR s 0825
cel |l nodul e cenprrses—aptura s S arranged—w
housi ng and the housing of each fuel cell nodule is arranged within a
pressure vessel . Tg@vepgggscg;ﬁl | y; AN rssurer yessel thas il nttddlad for
insul ation and/or cooling fluid using passages within the pressure
vessel to maindearANGhe tBRFERAFEe o t ha! pr 88SHPEcTesyoluge gand  in
sufficienlylewcl.eaperasure hatguar apdee ibFerrnhgiridnpefatii® in an
pressure vessel. In the case of solid oxjde fuel .cells operating at
hi gher tenp&nstesesd, vPérmexdipPesydovthyr 12 dotflcceite t her mal
qﬁnagement | of dt hetheat whlowx ﬁ:ﬂa}trﬁ Eh@?sdéglvﬁﬁgghgéﬁeﬂtf(Ed)lﬁr_.bliﬁ]ises one
ernocoupl e devices_are typically enployed to nitor suc .
el evat ed t eRdFeMats e@%ell—idﬁﬁe]\ﬂerr‘}oqqﬂeersfmc‘?%& (=,£Lt1.19e]vi“c‘?iz,rcgl e ‘Fﬁ%mﬁorf'%rlses
have | ow si gngl1u@utRuly awd fbe1becsignibieagéd ywonih i Ae@susing heid the
response The signal is al sovul nerabl et oel ectrical noisein practi EL
appl i cat {bn&ousdadi ngt t FAFY effPgbi | T4 | SO SquS ¢ c?%r]g%ﬁ@t ?"bﬁ noa
degr adat i onprékiheendresduigh t enpeicattubaalher mcoupkesdeyé ceesakd has
costly. . __Accordi ngl% t he res%\r]/t inven]tL]i on s ekis tg Rovi de & qes
novel = met hod"f6F "Phf etF7 Jga?Je‘?fgeraélt P& | F°ant®hcl’osed vorume, BhTehT
reduces, prefienahl yheyvescanesce t hessdbveo3Gaentionethepriddmmature of
Accordi ngly the present ipnventjon, provi . a. d ri rri
t enper at ur etithﬁ e roese‘(ﬁe%%%%rr@,t t%esgﬁgfgls%g{ ol &%ﬁ ctc?ﬁ{p%r%ﬁt%gea ko
f uel / oxi anuairehtiee orheeiingegrity of the pressure vessel. In the

case of solid oxide fuel cells operating at higher

temperatures, for example 700 °C to 1,000 °C, the thermal

management of the heat flux to the pressure vessel 1is
difficult. Thermocouple devices are typically employed to

20 monitor such elevated temperatures. However, thermocouple
devices are known to have 1low signal output and to be
significantly non-linear in their response. The signal is
also vulnerable to electrical noise in practical
applications, leading to unreliability issues due to

25 Jjunction degradation. Furthermore, high temperature
thermocouple devices are costly.

Accordingly the present invention seeks to provide a
novel method for inferring temperature in an enclosed
volume, which reduces, preferably overcomes, the above

30 mentioned problem.

Accordingly the present invention provides a method
for inferring temperature in an enclosed volume, the
enclosed volume containing a fuel/oxidant mixture or being
supplied with a fuel and an oxidant to form a fuel/oxidant

15 mixture in the enclosed volume, the method comprising

placing at least one wire in the enclosed volume, the at



supplied with a fuel and an oxidant to forma fuel/oxidant 35 m xture
in the enclosed volune, the nethod conprising placing at |east one

wre in thﬁo%&ﬁh? ﬁg volume, the at WO 2010/020306PCT@E%%%9%@&%§Q10
i n the

2 least one wre having an identifiable property wherei
identifiable property of the at | east oné€ wire changes froma first

i dentifi abl t at t a t b - 1gni L. :

Lenper at ur e TP The Rl Tk T n 5t uf sot b S5 B ne iy che
state at a tiewpendtiabdcapoveerhg afit bhegatt least eaperat ve ecloingée from
fuel/ oxi dant, M r€qad (9eeeribid LE Lheckdeplifablerpy ongl (3ol

the at | east one wi re has change romthe identifrable state
to the secongniderti f itabberstate amll heree fdel/oxitdenper aiyterdo ta a

t he encl osed v i h O-J.gnj t. t f e _
fuel / oxi an?ser%%ﬁégfiec!e%ﬂ%\é%ﬁ’%e%g%gbl ft?hrge %rrééé%% f ure?halé%{&’cegrrtpﬁr%]sae%to

i ndi cating tigatittiee | denpefpabre ppépekhy ofuehéonidamastmnieiygre and
has changed {amiRent! 1 LAENLLENARkEaBIA! ARG SACOBe at 1east
identifiable staté and hence the tenperature in'the encl osed vol une

i s above thenautvo-iggribas ophaeap@r Arone toe tha studdeptiiddsblfi at@te to

The encl OSEtholégz%ﬂaayior&,ﬂﬁ%bqrge fncasethdnddie alr |Gast c GRse Wit @re

20The encl osed vol une may be a vol une between an outer vol une and an
i nner volUnmén t heheut énclepafte éitdasieng the PRABP vdiNgne auto-ignition

Preferably the edarti-ti 8Bl enbr opel rox tdadthenidicdr@ast one wire is
el ectrical resistance. 25Preferably the first identifiable state is,

el ectrical resisFAREETARAYt hENR edbid e UtiNgE| eCOPRILSFSE el EIFICHIT

conductance.tnat the identifiable property of the at least one wire has
changed from the first identifiable state to the second

15 identifiable state and hence the temperature in the
enclosed veolume is above the auto-ignition temperature of
the fuel/oxidant mixture.

The enclosed volume may be a volume encased by the at
least one wire.

20 The enclosed volume may be a velume between an outer
volume and an inner wvolume, the outer wvolume encasing the
inner volume.

Preferably the identifiable property of the at least
one wire is electrical resistance,

25 Preferably the first identifiable state is electrical
resistance and the second identifiable state is electrical
conductance.

Alternatively the identifiable property of the at
least one wire is electrochemical state.

30 Alternatively the first identifiable state is an
oxidised state and the second identifiable state is a
reduced state.

Preferably the at least one wire is selected from the
group consisting of Pt, Pd, Rh, Ru and alloys thereof.

35 More preferably the at least one wire is substantially

Pd.



Al'ternatively the identifiable property of the at |east one wire is
el ectrochem cal state. 30Alternatively the first identifiable state

IS an oxiQkangﬁ¢£$@ and the second identifiable state gzm?%@%ﬂ#ﬁgp

state. - Preferably the at least one wire is selec
group consisting of Pt, Pd, Rh, Ru and aPl oys thereof. 35More

preferably the at, | eas ne _w 1S ; stant i
D010/ 020306PCT CB36087 085816 frl%faﬁlstg}r)eﬁr% ‘%é% gP%rSPA%W%‘fj ShoKes
are arrangedtonebbhé ahel| east.one wre. More preferably the

plurality of spo ar I I 0 i r f I
plurality of spoﬁé%ea geggﬁgg?gdxpgo%ﬁpﬁélg?gu%¥25%§ﬁ%%i%3§£fa%§fmﬁi%y
W Ag, all ogsntinetéonf-and di anond coati ng. The encl osed vol unme may be

\(,jV: fﬁ?ﬁeg S\émo][ Ihldn ﬁogrgelpr(\e%lelr’ab:ig-rhcqleenﬁilﬁsﬂﬁlfl YFe spBYbe Fiespased-teq
from the group consisting of Cu, Ni, W, Ag, alloys thereof
and diamond coating.

The enclosed volume may be disposed within a fuel
cell.

10 The enclosed volume may be disposed within a solid
oxide fuel cell.

The enclosed volume may be disposed within a reformer.

The enclosed volume may be disposed within a
hydrocarbon reformer.

15 The present invention will be more fully described by
way of example with reference to the accompanying drawings
in which:-

Figure 1 shows a perspective view of a first
embodiment according to the present invention.

20 Figure 2 shows a perspective view of a second
embodiment according to the present invention.

Figure 3 shows a perspective view of a third
embodiment according to the présent invention.

Figure 4 illustrates the use of the present invention

25 in a fuel cell arrangement.

A method for inferring temperature 1in an enclosed
volume 10 according to a first embodiment of the present
invention is shown in Figure 1. At least one wire 12 1is
placed in the enclosed volume 10 by forming the at least

30 one wire into a shape encasing the enclosed volume 10 whose
temperature is to be inferred. In particular, the at least
one wire 12 is arranged to extend around the periphery of
the enclosed volume 10 while remaining in the enclosed
volume 10. The at least one wire 12, for example, extends

35 circumferentially and axially in a cylindrical casing to

form a sinusoidally shaped wire. Thus, the at least one



oxi de fuel cell. The encl osed vol une may be disposed within a
reformer. The encl osed vol une may be di sposed within a hydrocarbon

ref ormer. gs Present invention will be nore full ShobbRER bY
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way of exanple WIIH’S‘I reference to the acconpanyi ng dravvipﬁ'gs |n51\t;\ﬁ|ﬁch:-

Figure 1 shows a perspective view of a f#rst enbodi ment according to

t he present j.nventj an. ] 2 p ' Lew of . a_.
second enbod\lllr}:fn[itéag'%o é’%ﬁ&q#%%fihgigggge%t Pﬁ%@eﬁ%?%ﬁg $h %QF}IS?JJF%‘E 30f
shows a per gprectswe adeevw fthe tbds thendbobimere deeortd epad theume 10.

present inventio Loure 4. i a e u f :
pr esent invg[rrqjtei o%n %o?%d avf)&g bcgqe 3?%%%%%%%&%5\%@%3&3 ?%erzi'hgxldant
i nferring tenpénaturhraviimgarm e osadnidligne tepgeesiudeng tthen 4 rkeast
enbodi ne f.thespresent {nyention; i ; N BLguEetd. t

one W ren§12q‘)ins(,e pllég%d ?n thggenéc osle%e%v%@t}%lfo Ey qu?ﬁ%ng@%ke&gf the
| east 30 onddginté fiipbdea BhapRr encadiangeshel ol csed i¥situntdant Whbdele
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12 is arranged to extend around the periphery of the enclosed vol une
10 whil e reﬁgiﬁﬂﬁb fypifreiglicitodeigiture to a second identifiable state

at a temperature above the auto-ignition temperature of the
10 fuel/oxidant mixture. The identifiable property of the at
least one wire 12 1is then determined by & determining
device 14 connected to the at least one wire 12 to see if
the identifiable property has changed from the first
identifiable state to the second identifiable state and
15 hence if the temperature in the enclosed volume is above
the auto-ignition temperature of the fuel/oxidant mixture.
A control device 16 1is provided to indicate that the
identifiable property of the at least one wire 12 has
changed from the first identifiable state to the second
20 identifiable state and hence the temperature in the
enclosed volume is above the auto-ignition temperature of
the fuel/oxidant mixture. The control device 16 operates
an alarm system, for example an audible alarm 18 and/or
visual alarm 20. The control device 16 may alsc operate a
25 pump 22 whereby the fuel/oxidant mixture is pumped out of
the enclosed volume to prevent explosion and/or water or
other extinguishing fluids are flushed into the enclosed
volume to put out the fire.

Alternatively, a fuel and an oxidant may be supplied

30 to the enclosed volume 10 to form a fuel/oxidant mixture in
the enclosed volume 10.

The at least one wire 12 may be a thin continuous wire
or made up of a series of wires connected continuously and
wired electrically in series.

35 In one embodiment, the identifiable property of the at

least one wire is electrical resistance, the first



volune 10. The at | east one wire 12, for exanple, extends 35
circunferentially and axially in a cylindrical casing to forma

si nusoi da'\bézﬂﬁﬁ)%ﬁﬁw re. Thus, the at least one WO per/EP2009/005010
2010/ 020306PCT/ EP2009/ 005010 4 wire 12 is positioned within a thin

region on the inside of the surface of tRe casing defining the

enct osed VoL UG 13 b1 QRkASas VORLEL 10chBL LAkl % GAN AL N91 &ctrical
fuel / oxi dant” 'm xture having an auto-ignition tenperature. The at
| east 5 one nsisisti2ckasinah titdent¢dormbl edentoipfdrabl enrfdradlsy theelectrical
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t enper at ure bel'ow the auto-ignifi enperature of the fuel/oxidant
mxture to a&tsebomsc i goat ivingbl &2 st 408 @xa@rienper ataFénaBovi&therire,

aut o-i gni i Qi b erﬂ&hg eb%in he Wk welhoxi dant i ki Xhyr &+ TPemperatures
identifiable property of the at |least one wre 12 is then determ ned

by a deternibsiley debeceruw vigiridciad tempheatiere et She wiveligxidant
see if the ident,ti abl e praperd yebas: &iangedohd@bting it Stemperatures

identifiable state to the second identifiable state and 15 hence jf
the tenper atdoge nthfe BHQUBY MgTumEemBeapbYEe t IR abhs- | rpt{ optdant

t emper at ur e (@Qf;1fhe fuethoxicdanbem i Uiige B1centiOhl devikeetdfckSmay be
provided to indicate that the identifiable property of the at |east

one wi r el 2 Mead tOE§AgER S CASheEHe et &Y i idEnt9F SR St HE net . for

second 20 i deRkichikabkesstabfcandehengandie deapesatubeni Ant BRe art.
encl osed volume is above the auto-ignitio ten@eratgr

. of the
fuel / oxi dant mi xtfr NTHECoRPPEAIHEDF ce ober At B HM Al REPEYEYeR T
for exanpl etae asdi hleasal asme 1&iard/ 02 Vissualeat pscheficalhe seanty olthe

device 16 nmgy al sqQ operate 25 np 22 ereby the fuel/axid .
mxture i sn%&ﬁﬁéd l&‘ﬁ?’%&?1?H2eeﬁ5gg§e8%v5ygn€%t )cieﬁ'lsgvé’ne é’)(lﬁleoéa,li%nls an
and/ or wat epxadietHer sexté nguicdshitng f bacdsd arigiddtished lient etbhe is a
encl osed vol u tg put_,out the fire, Al Lvel a fuel
and an oxi d5ﬁg%ﬁ:§§ ﬁgastt?ppl i 89°369F 8% he SRS gslteegrt\ggfgh‘r!‘rghfalt 5’t%§remoaf
fuel / oxi dantthei x4tr éeentt hmeneliosed 3,0l Goe EXxample a Tipeldedieast (Pd)

one wire 12 may be,a thin contil U%s?i%ued Ogtg@dayptgﬁp@rasme%s 1 ow
wires connedfed’ cSnti nucusl y and wre el'ectti cal y In'series. 35ln
one enbodi nehe, ddie-igevittiitnabtempeopenty of the dudleastidgnd et yze

eIectric&J Egsk§tfggﬁée&r§%géésﬁt temperatures above the auto-ignition

temperature of the fuel/oxidant mixture. The change in the
electrochemical state may be monitored and determined by
the determining device 14, for example, a change in colour
of the at least one wire 12.

25 The at least one wire 12 is selected from the group
consisting of platinum (Pt), palladium {(Pd), rhodium (Rh},
ruthenium {Ru), and alloys thereotf. A threshold
temperature of a given fuel/oxidant mixture 1is herein
defined to be a predetermined temperature above the auto-

30 ignition temperature of the fuel/oxidant mixture in the
enclosed volume 10. A transition temperature of the at
least one wire 12 1is herein defined as the temperature
close to or at which the identifiable property changes from
the first identifiable state to the second identifiable

35 state. For a solid oxide fuel cell system supplied with a

natural gas and an air mixture, the threshold temperature



WO 2010/ 020306PCT/ EP2009/ 005010 5 identifiable state of the at |east
one wire is electrical resistance and the second identifiable state
is electriggl tance. Accordingly, the electrical i f
t he at Iea‘gftazgﬁ@aﬁd&r:e 12, for exanple a platinum(Pt) vﬂﬁ@ﬁ@gﬁﬁgﬁ’ges
frombeing electrically resistant at terr_ﬁ’er atures bel ow the

aut o-1 gni U ony tamer ot i eo0fad Ny d peb Lok dont o AL {6 BE! Aintained
el ectrically conducting at tenperat ures above the auto-ignition
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device 14, for exanple, resistance neasurement tvices known in~the
art. tinaraaidtieer tempedietene, ofhéhedant Lefabl enprepest y2 ofarhes a
at least png miyie 1245 @ledineleneals st D& fif stnd degtidi bl &
state of %)hgu\;{!ttr]] east one wire 12 :2)5 an 158%%85 sed ls_t ate and the ©
second i dentdfslabfel 5t svetied,a ebRicEE sPit heacBer dilfg ywitmea small

el ectrochem gal,Stat & 01 o418 qhul €23t AN yIe 12, vbeh @MU Re the
pal | adium (Pd) wré, changes from an oxidised state at tenperatures

bel ow t he arRbPFiiEiten thepsdcdturtenper@ierfuel fRavd@focnok urie 2ante-

a reduced st} tdlbnt ePRREAAN B abeva Hheradt Ok Gt ORi %k EAPET AW ethe
of the fuel/oxidant m xture. The change in the el ectrochem cal state

may be mbhi (iEPEE ARG SEEPRITAEY By %he Netddr iSRSty U iHere14t2 fepsures
exanpl e, a ghangs dut cmysiefidhhemitdeast eidme 1A re25Ehei aitused,
| east one wire 12 1s selected fromthe %r oup consi sl’iéng‘ of plati pum
(Pt), pall adifun®¥oey , “PREEI GRS Ry, 1eGfRemfm YRS , 1and-Sal Fofrosition-
t hereof. A tdhieshel.d t eaperatyr @ yofempbasery f tied/ oxidast G Xiwr @ Hes at
herein defined to be a.pr eggt er m ngd tgﬁf.LrTger aiure above_t he aut

o-. 30
i gni tion tenyécht GPE Sf-Thé4r uif¥oxiP§ REXEOFe T (A 2ReIeeyon of
vol une 105 Aner ansi Leastt empenatte eldf behewatt Heeadtremte Wl reed@ersture
herei n defined t he tenperature close tqg or. at i.ch .the
i dentifi abl éeﬁrug%gr £y c%argr%gae? fFEHRYhe i%s JTCgeenn_t;qlq‘dfllagqb % th% ¥ the
t he second iaderitddfsitabiree 3bist at 2. eFen & fsdlhied meriade ihgelpagdlilons st ethe
supplied wth ur a i 1 r h
tenperature atv@eggsfof 850%2&# Eg%o%%%gﬁ% dhrdshort rt%?ﬁgg!rgture'
Figure 2 shows another embodiment of the present
20 invention and like parts are denoted by like numerals. The

embodiment illustrated in Figure 2 differs from that of

Figure 1 in that an outer volume 24 encases an inner volume

26. The outer volume 24 1s provided with at least one
first wire 28. The inner wvoclume 26 1is provided with at
25 least one second wire 30 in a similar fashion. In this

case, the temperature of the enclosed volume 10 to be

inferred is the temperature of the volume between the outer

volume 24 and the inner volume 26. The at least one first

wire 28 and the at least cone second wire 30 may be formed

30 by one continuous wire or separate wires electrically

connected in series. The inner volume 26 may be regions

containing sources of heat sinks or c¢ooling, such as
endothermic reforming components. ’

A further embodiment of the present invention is shown

35 in Figure 3 and like parts are denoted by like numerals.

The embodiment illustrated in Figqure 3 differs from that of



6 of the solid oxide fuel cell system needs to be maintained above
approximately 800C. In this case, the at |least one wire 12 is

pr ef er abl W\f@lﬂﬁ%}o@d}ﬁé ally Pd. Although the transition t%@?ﬁzﬁ)ﬂ}o%(ﬁo f

the at least one"wre 12 varies a 5 little with the oxygen partia
pressure in the solid oxide fuel cell sydtem alloying of the Pd wire

with a small_.quantity. of d_( : ul used t iev
appropriate EiPEShol dlrgeFrlg%% a uﬁg%rﬁnég}’egge Sg]‘ol?{t%ﬁe%gutaor% Sa%]{aﬁgﬁeqt %
t enper at ur e tdfe t he flesdJoxpdantwinit d2e amd & heesd tarrEigamEnt . The

temperat ure A1, 418 gl dLashople Wbl Gl SOSUREsmL e, M LahbLEPIRGSTt iAn,

of the at one‘wre used, 1'n other words the at [eaSt one

wire 12 i s edmpediitivonafunaslokesFurizherarey s dsgichg fued vdihare qpup
in the at. | ; irgel2 | ogaly sedil-gaaring;of apynpordi onypf
15 the at’ | gcgjzl%l%ﬁgn% re 126%%9%% tﬁgj)t'hr eshol d tgml)gr at ur%c‘r;)r esul t(sm ’
in a sharp chdngs | PPThe irdéaypfidimrech apedofdi@eng: FeAENDNedwi tige

12 even IT tf1g, ﬁpﬁagniah@enw&i @Bafinhhe ats,l east:one vMd epigrja@i@-ﬁovcﬁf
the threshold terfperature. Figure 2 Shows anot her enbodi nent of the
present 20 ispe&ssi off aidl EhRe2farkedsdr otfendt €®l by | ithe sy FLVeTAEe

enbodi ment idJ L UStH AR b dEii e g2 Mid fRieddiom tdat] fa iy e1dwd Fing
that an outer volume 24 encases an inner volume 26. The outer vol une .
24 is privi @€d wWFERPratesst &FdoMi r sth@i r SRS S nnEPMRBFARRI26 kS

provi ded W tih -3k 22384l easin N Sesoshde 80 bRodising! ar flashineryl vr
this case, the ten‘gerature of the encl osed vol une }1]0 to be inferred.
is the tenpdhgeeélyf FARBAVETIRE RUSEH tife dbt eFNEbI UhRS 22TIGHRP Y hT
i nner vol ungr28iohhematalieast @neoisrssedd f6r 28nansk theasd draasiirene2
second wire 30 may be forned 3 b% one,contjd[lluou% V\%re or separate 12
wires el ect FcaFPSUCEhnETERATRA s&?i &S M9hetiingt vofaRe 28 el be
regi ons gontaicneng sourbeandhghent atnksast coel vhge Blcmdsflattening
endot herm c .,ref orm ng conmpane

erdot e T .51 O 0 SATBIEH 5oL Ehce Mg B o e rsag
nuneral s. Thecenbadiateste itld ustte asedfane Foduridhe3 ai f Ieast f poen whae df2
may be increased and the rate of response could be
improved, thereby further reducing the material used for
20 the at least one wire 12. Further improvement in
sensitivity and rate of response could be achieved, for
example, by monitoring the conductivity of the at least one
wire 12 with high frequency AC signals that are more
confined to the surface layer of the at least one wire 12.
25 Turning again to Figure 3, the at least one wire 12
may be replaced by a layer of sintered porous conductor 34
deposited on an electrically insulating substrate by
conventional thick film or thin film methods in order to
further increase sensitivity. The top of the enclosed
30 wvolume 10 is covered with the plurality of spckes 32 and
discrete thick film components 36 whereby the thick film
components 36 are electrically connected in series. By
using a plurality of discrete thick film components 36 in
conjunction with a plurality of spokes 32, a large surface

35 coverage and hence increased sensitivity could be achieved.



WD 2010/ 020306PCT/ EP2009/ 005010 7 Figure 1 in that a plurality of
spokes 32 are arranged on the at |east one wire 12 in a nesh

arrangene ality of spokes 32 may be thermall
conduct i ng&?%@%%’%% ity of spokes 32 are selected fro%c?/ﬁle)zoa%%oa%l%

consi sting of copper (Cu), nickel (N), Bungsten (W, silver (Ag),

al I oys thereof apd _di anond,coating,. Wi e V] a_di n ti ng,
By havi ng the pl E‘%gl iqrfsgfntsplomveeggﬁf%orl{natyheg]%tu?%%s‘fqgléﬁg}?wgr ecf%%zl %}lel
area cover agerbogemketnal deparibedng amd de¢ect i Bmbbicdiogal | setb. Wo
| owering 10 .,0f, t re I : t hr I ture: i

i ncreased. %&6@5‘323?&% a&ggo%\gﬁﬁg\% é{bﬁg%g'%pﬁ)tftr gmq{/haojf%t#ééon%?@ated
conducting spokés 3Zors tfederehecanountInd Hhgegieoud mettdies druedl | oymstl
used for Lhe a, L eash.088 bk 1g.LSaL edugar SoMPal et Ianl N &dh
| east on€ wire 12 al one. By inning the at |east one wire 12 and
flatteni ng mosludeodd-sevteicrablyedimetey arehe wloperdtiton off addd oxide
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i ncreased an e rate of response coul d be inproved, thereby further
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i mprovement j:n SaNg tdVidy AN rélf19f 5 espenss ¢GPS AL R port
for exanple, by nonitoring the conductivity of the at |east one wre
12 with Wi ghefibeguerfd AC28i gridl s £Rast ar €7%or eCIMIThed4fo tHHEending

surface Iay%e%th?eu?ﬁ | 688t EBRpW 585 126425 pllAKAY Ng g N 10 flat
Figure 3, the at | easf one wire 1% may be replaced by a | ayer of

si ntered poryasaesfdddt 8rd3204epsRi Yeychntan +ptd 9 USis fSithisnd ¢
substrate by gonvantiqemal thiek bblmuobxtAen fuieimd@tihagisaire osdes st @
further increase sensitivity. The tOE of . the gncl sed 30 volunme 10 i
covered wit BSEAEIpIARSEMOLY  of " ihidke@ 139G GPEcretY thf cKUpil| hbroug
conmponeniss 3@ewhar ehyadtheohbi ckafhbkm a@mianethe B61ace ebeeusi caldpsrt
connected in series. By aiocﬂ-.g a El raIi.;tdy o{ i scr ge 4tJﬂck film
conponents 36MPART o unct wPPhta PR it fcgg kes 39°TBTHaFge 2"
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incorporpted hecein for reference, D FEIBUE 4 g dMel.iflds ana so,
of the hollow porous support member 42, the electrolytes 56
are arranged on the anode electrodes 52 and the cathode
electrodes 54 are arranged on the electrolytes 60. The
solid oxide fuel cells 44 are alsc arranged such that the

25 anode electrode 52 of one solid oxide fuel cell 44 1is
electrically connected in series with the cathode electrode

54 of an adjacent solid oxide fuel. cell 44. In this
arrangement each solid oxide fuel cell module 40 1is
arranged within a single inner vessel 58, and the inner

30 vessel 58 1s arranged within an outer pressure vessel 60.
In this arrangement the inner vessel 58 defines a space 62
and & space 64 is defined between the inner vessel 58 and
the outer pressure vessel 60. There are means 66 to supply
oxidant to the cathode electrodes 54 of the solid oxide

35 fuel cells 44 of the at least one fuel cell medule 40 and

there are means 68 to supply fuel to the ancde electrodes



5 arrangenment 38 conprises at |east one solid oxide fuel cell nodule
40, preferably there are a plurality of solid oxide fuel cell nodules
40. Each IghoR¥dde fuel cell nodule 40 conprises a h
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as taught in the present invention, confirmation could be obtalned

t hat encl os@#goiehure the nnside wferd vess@csghial MO B sEhoing

tenperature i R na dib ot AR e Pf A AGIT LY - transitidie DRSS ture
i nvention enables the selection of a physical and el ectrical

configur®ti 6f dihaat afedst@dnecnfr ¥1r2 t¥7 r BEFAbINP WSO 2k ARe heat
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the inside of a surface that encl oses the vol urrE 10 to be né)ni t,og.eq)
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and choosi ng t he'BFandFti bPPtemfSitat ofge may Ewo nt

30 properties and both identifiable properties change from a
first identifiable state at a temperature below the auto-
ignition temperature of the fuel/oxidant mixture to a
second identifiable state at a temperature above the auto-
ignition temperature of the fuel/oxidant mixture. As

35 mentioned previously the at least one wire changes from an

oxidised state at temperatures below the auto-ignition



25 of the at least one wire 12 with know edge of the heat transfer
regine in the enclosed volune 10, confirmation could be obtained that
t he encl 0%62¥3}0%6 10 is above the threshol d tenperat W mhdobbisoh

hi gh degree of accuracy. The at |east one wire may have two
identifiable 30 properties and both idemt9fiable properties change
froma first_identifiabl tate e rat. el.ow t h
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bel ow t he awtledtgwichieoncalDs2016/ 0208D6PEY/ EP2909¢ 095010 1the at least
tenperature of t x']%{ﬁ ' el o, Leduc 18} e a5 £ at
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| east one wig @1t e ;abnkeast 2 rang Mali8eali30 iGhanges, foombeid%kate to
electrically resistant at tenperatures below the auto-ignition

t enper at ur e befingheeiaelrose dint GAnNGuAté NBecabise MPIR G egn BRPUPsEENe
state to beifgeligealitical | ¥ s@Rduelirag alf t aiRer at i BioaRaMR t NRixture
auto-ignition tenperature of the fuel/oxidant m xture M because it is
a reducedl stgcguse it Aﬁvént—’ﬁ@é@e‘éfs’%%‘ée present invention include the
elimnation of cagthythAbgh t ewperafdr e iCcouR) e (Wi Chirdiifide the
unreliable due to junction degradation. A single electrical subsystem
coul d be enpildyéaatépna AfarqRs Widl uweSh ot%‘éo‘?ﬁj%%rcﬁ P WAL YR &EA RSP
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i nstrunmen attioomet e ibekere whetepbaeeiohsi heebocobptes, seb$pd wemL0vere
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achi eved wi trﬁq%ééﬁzda%é’lryﬁvfré'nd"}}%éér‘ﬁ%ﬁéﬂpé\?apgﬁﬂegn.ln t%ey'f’r?guﬁnree'senq’zhe
i nvention i stapel i 6Ableey t endévseds wpemat | 1§ atbdwgh thenpantad-urgsition

i nvol vi ng expl osive fluids,.and in.partic r f Cf{') SHeh. as.
sol i d oxide tfgwgﬁriguégl {“%Yaﬁﬁ re 6Fr87§?g ‘g’ﬁ%ﬁ Igégtﬁyg%)%ar %ﬁr Gk £ion
reforners. than befcre. In plac of thermocouples, simpler

20 electronics may be used, allowing higher levels of safety
to be achieved with less analysis and testing/evaluation.
The present invention is applicable tc¢ devices
operating at high temperatures involving explosive fluids,
and 1in particular to fuel cells such as solid oxide fuel

25 cells and reformers such as hydrocarbon reformers.



11 Cdains:- 1. Anmethod for inferring tenperature in an encl osed

vol une (10), the enclosed volune (10) containing a fuel/oxidant

m xture or being supplied with a fuel,gand an oxidant to 5 forma

fuel /oxidant m xture in the encl osed volune (10), the nethod

conpri si ng: (i) placing at |l east one wire (12) in the encl osed
volume (10), the at |east one wire (12) having an identifiable
property wherein the identifiable property of Wthe at | east one wire
changes froma first identifiable state at a tenperature bel ow the
auto-ignitiomdieqserature of the fuel/oxidant mxture to a second

identifiable state at a_tenperatyre above the ayto-ignition
tenperature bf 4 W?t?‘ﬁgl FB%i “Ifngs GPRPeLfRyre in an (jnqlogefe PRt Witig
i f the identifd)yabl ehepr epetdsedofvdlhmeat (100astorae nhg e a( 1i2ellfagidant

changed fromt ir i i fiahle s t.o ) i | f e
state and h@\%’lﬁrffet e %éeilﬁ?%([arsfédt r_éL%fint"’tqthtg gnc‘{%geda%\%r%]neg%%%rf% ?PJ
above the’aufom gni frel/vddsatatizéuse the thaelengkpaatht vodums x{ 10k,

characteri seghd melthall Ehmodidentifiable property of the at |east one
wire (12) is el ect_rocgtearri.cal state and wherein the fjrst identhia |l e

state is an oxi di'déd BEALBYaRE t1FESe B Tidént [¥40apte Eh%it 8PFLOsE
reduced st atweeluhe A (@B} hodtlaecoridi ngatsa cbae mdizeher@i2d t hevimd hogh

further 25 c i i ndj i .he.i.dent i f.i.ahl r f & he
L] onst onc SRR OCLARGAY Wit CrhE Mol BTE1R] BRGROVP od |
to the sdBonhd deht Lteeabl engt #i&eadaRene e fepm ferfiErht wdentaftdele

]ganc: ;)seddvoltm_ egib@ a &g@\%@}f%tﬁff lﬁ%ﬁdﬂr itﬂl@ijbh@ﬂ;i@rfﬁpﬁro@t lfléﬁlp@f_éaﬁlh‘?_%
ue OXI dan ur.e. net no accordail n clLalm _
hher el n C e e Gieg St (TR0 00RE BT aBle Sstasa
one wire (1At o .tepcaethott sdovedithy setaligingt ionrtdnpayatera ¢hethe

encl osed vol gy A10kahs &M UEDet ween an outer volunme (24) and an

35 inner volune (26), the outer volune (24) encasing the inner_ vol une
(26). 143 {ii) determining if the identifiable property of the

at least one wire (12) has changed from the first
identifiable state to the second identifiable state and
hence if the temperature in the enclosed volume (10) is
above the auto-ignition temperature of the fuel/oxidant
20 mixture, characterised in that the identifiable property of
the at least one wire (12) is electrochemical state and
wherein the first identifiable state is an oxidised state
and the second identifiable state is a reduced state.
2. A method according te claim 1 wherein the method further
25 comprises indicating that the identifiable property of the
at least one wire (12) has changed from the first
identifiable state t¢ the second identifiable state and
hence the temperature in the enclosed volume (10) is above
the aute-ignition temperature of the fuel/oxidant mixture.
30 3. A method according to claim 1 or 2 wherein the enclosed
volume (10} is a volume encased by the at least one wire
(12) .
4. A method according to claim 1 or 2 wherein the enclosed
volume (10) is a volume between an outer volume (24) and an
35 inner volume (26), the outer volume (24) encasing the inner

volume (26).



5. A nmethod according to any one of clainms 1 to 4, wherein the
identifiable property of the at |east one wire (12) is electrical

resi stance. 6. A nmethod according {9 claim5 wherein the first 5
identifiable state is electrical resistance and the second
identifiable state is electrical conductance. 7. A nmethod according
to any one of clainms 1 to 6 wherein the at |east one wire (12) is

sel ected fromthe group consisting of Pt, Pd, Rh, Ru and all oys
thereof. 10 8. A nethod according to claim7 wherein the at |east one
wire (12) is5substetiitadalaegoding.tcA amt lvod aécokalineg it acady eherein

clains 1 to [ rali f S.{3 r e e
at | east one&vm%?%f%fgaggylﬁdéﬁ r?g/t ﬁgggggc%é [ n%sq{ (;%D%I g?%89q%\§£r$e§|1n
the pluralit§lefteigekesesBzhargee thernal |y conducting. 11. A nethod

aCFOF?i ggf t Og .C|t ﬁlﬁl mnﬂa@h%er@éc!sz;cﬁ%gm Fbaélélérnpf s\?pﬁk@ﬁeil(rf@ché{ ﬁfirst%
selected fro e qr consisting o LN, , allo er eo
and di anoid EURTHGA008 T55Co HorTRRF HICHP dFRG: TG SRy 8RBT EPGPRR 1
to 11 wher ei iddrhe fénbleseichteolisnel¢diidad dbspuseokcei.t hin a fuel cell
38). 13.- A j t [ Dt I .
(38) 74 é‘&%@%%%gh{‘xgg 0 CA%} Mkl Hhengips F%ﬁ?g&_ﬁ&fjeﬂ A

volume (10) 1s disposed within a solid oxide fuel cel
met hod accordtthgato @y torf@eof vkTai (521 16 1SelRiNérei Frofe tdifc| 9P

vol une (10) ésndliszpageds Wi, hipa, ark efmy RI. alloyd.ther@BEhod according
tochaimgs hefetithe cnelgsss Yo' UIBd 1P uletdhopRSed: ALY e
wire (12) is substantially Pd.
9. A method according to any one of claims 1 to B wherein a
plurality of spokes (32) are arranged on the at least one
wire (12).

15 10. A method according to claim 9 wherein the plurality of
spokes (32) are thermally conducting.

11. 2 method accerding t¢ claim 10 wherein the plurality of
spokes (32) are selected from the group consisting of Cu,
Ni, W, Ag, alloys thereof and diamond coating.

20 12. A method according to any one of claims 1 to 1l wherein
the encleosed volume (10) is disposed within a fuel cell
(38).

13. A method according to claim 12 wherein the enclosed
volume (10) is disposed within a solid oxide fuel cell

25 (38).

14. A method according to any one of claims 1 to 11 wherein
the enclosed volume (10) is disposed within a reformer.

15. A method according to claim 14 wherein the enclosed
volume {10) is disposed within a hydrocarbon reformer,

30



