%
2255186 1 THERMOELECTRI C SENSOR The present invention relates to burner
contio}. and, .rpjsx ﬁ%agticul arly, to a thernoelectric sensor@ blrjrtl %(0
apparat us-incorporating the thernoel ectric sensor. Applicams ar
interested in fully prem xed air/fuel gas bugner apparatus. By a fuIIy
prem xed air/fuel gas burner apparatus Applicants nean one in which the
fuel gas is mxed, prior to conbusti ONTHERMOEEBECTRIE SENSORqUI red for
conpl ete conbustlon t he conbustlon air belng suppl|ed by nechani cal neans
and hereinafter referred to as "fan-neans”. A fully prem xed air/fuel gas
burner apparatus nmay enploy a flanmestrip whi ch may be porous or have a :
plurality of The npresent dnwentrionw erellatest htougburnéor eomtpd: aamdy amore
flamestrip, to support the flane. The flanestrip may be a discrete part of
the burner oRarfieulaxrlyelto anthepmoekectric sensonandtonarkumnee apparatus
of the burner. In either case it is possible that the flane may be caused
to burn very iNeerporating fthecthermpeleptriq Bensqlen the flowate of air
inrelation to the flowrate of fuel gas has, for whatever reason, decreased
to about 10% in excess of that: theor eticaIIy necessary for conplete

conbusti on, cor ding to an ai ture_aeratiop of 110% This
can cause a S%ﬁ:ﬂ]tf'%f& ﬁ'%mm 4 %Yﬁ?g? ?rﬁé YcBFeR §e3ta’r’6(/£‘¥e<% gas
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overheating i anf QoG rI\pp 1EEREL nbln' Bhe | AHCUALEh the fuel gas is mixed,

- prior to combustion, with all the air required for complete
-combu'stion, the combustion air being supplied by mechanical means

and hereinafter referred to as "fan-means-“._

A fully premixed air/fuel gas burner apparatus may employ a
flamestrip which may be porous or have a plurality of burner ports
or apertures therethrough, for example a ceramic flamestrip, to
support the flame. The flamestrip may be a discrete part of the
burner or, alternatlively, may be integral with one or more other
\J - parts of the burner. In either case it is poésible that the flame
may be caused to burn rre_ry close to the flamestrip, for example

- when the flowrate of air in. relation to the flowrate of fuel gas
has, for whatever reason, deciea_séd to abo_ut 10% in excess of that
theoretically necessary for complete combustion, corresponding to
~an air/fuel gas mixture aeration of 110%. This can cause a rapid
‘increase in burner tgmpe;gture , particularly at low rates of heat
output per unit of total iflameport aree. (otherwise referred to as
low port loadings). If this situation were allowed to persist,

progressive overheating might occur and result in the flamefront



-2- 2 entering the ports of the flanestrip and igniting the air/fuel gas

m xture inside the burner. This dangerous condition is termed '|ightback®}.
1f an air/fuel gas m xture of high aeration, for exanple 160% is suppl he*

to the flanestrip, particularly at high_port |oadings, the velocity of the
air/fuel gas m xture through the ports #n the strip may becone greater than
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and t he f-.%ﬂéﬂé.di sappear. Furthernore, in conbustion equipnent it is
general |y asSe that the position of the flame front varies with the
rate of heat output at fixed aeration, the flanmefront noving away fromthe
flamestrip as the rate of heat output increases. It will therefore be
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vari es accordi ng bot e aeration of the air/fuel gas mxture and to

the rat eswhpiEed €4t €HE - £iamdserEp £pubeicul 8L1¢04RURLGRNPALE 1oaRimld,ed
by fan neans, in order to achieve a stable flane, nmeans of controlling the

rate of theé valstity IF the aﬁbzfaemagaer&mb@wohhmm dNe/ ptirtiy in tBe

used, and nust be used if the heat output of the burner is to be varied

appr eci abtyip | nagubBcomey gredtesethtnotheosperd st isich the flame can
burn at the ports. The flame would then burn away from the -
flamestrip - a condition referred to as "flame lift". If the'u
speed of the mixture is sufficiently greater than the flame speed,

the flame front will be pushed or blown away from the flamestrip

completely and the flame will disappear.

Furthermore, in combustion equipment it is generally the case that
the position of the flame front varies with the rate of heat
output at fixed aeration, the flamefront moving away from the

flamestrip as the rate of heat output increases.

It will therefore be apparent that the position of the flamefront
in fully-premixed combustion varies according both to the. aeraﬁion
of the air/fuel gas mixture and to the rate of heat output. 1In
a system where the combustion air is supplied by fan means, in
order to ach‘ie've a stable flamé, means of controlling the rate of
air supply (and so, the aeration) should, desirably alviays, be
used, and must be used if the heat output of the burnéf .i..s to be
'~ varied appreciably. In such a system, aeration control is most

adirantagebﬁsly of the 'closed-loop' king, comprising a



advant ageously of the 'closed-loop' kind, <conprising a 3
vari.abl e-speed fan for supplying air, a nodulating fuel gas valve, a neans
for measuring the air/fuel gas flowate ratio and a control neans to
control the rates of air and fuél gas supply, so as teo' match these
appropriately to each other by varying the fan speed and/or the fuel gas
val ve openvayiabhe-speptli fan dform supplydag adp, aaratilatiomnifuel gustealve,
all ows the operation of an appliance to be |argely independent of the
conbust i ondcmeans cf£ort imeasairinige thel ajay fagdpl gad, flowrates natbosand a
conpensation as necessary for variations in the performance of the fan
means, in Sepbrolveeangcto grentrol tthe Inatessfsedxcands fuad gasesupplys so
heat exchanger. One object of the invention is to provide a thernoel ectric
sensi ng de¥fckorBatghcthasapapprePriptely oberedcbnother kY| Y3rying the fan
air/fuel gas barner 3P ar atus., Anot her ob£ect is to provide a fU|i§§
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[ deyice. A _f h Lect of the i ti is t id '
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the intendgdmpensation as necessary for variations in the performance of the
W fan means, in suppiy voltage, and in the flow resistance of the

flue and/or heat exchanger.

One object of the invention is to provide a thermoelectric sensing
device for use in monitoring the operation of a fully premixed

air/fuel gas burner apparatus.

Another object is to provide a fully bremixed air/fuel gas burner

apparatus incorperating the thermoelectric sensing device.

A further object of the invention is to provide a unitary
combination of the thermoelectric sensing device and a flamestrip

for use in fully premixed air/fuel gas burner apparatus.

Accordingly, from one aspect there is provided a thermoelectric
sensing device for use in a fully preﬁixed air/fuel gas bhurner
apparatus comprising a flamegtrip through which premixed air and
fuel gas can pass for combustion in the vicinity of the intended

downstream side of the flamestrip (having regard to the intended



downstream side of the flanmestrip (having regard to the intended 4 *
direction of flow of the prem xture through the strip) the device e
conprising an elongate supporting body having thereon a plurality of <
tenperature sensors conprising di scFete t her noj unctions which are to serve
as 'hot' junctions and which are electrically connected alternately-in

Sel Iy g {of U F1diP'ot k! BRentiBaEE! EntHEGHPEHACLPIS) HE adVicach of -

t he, 0 serve as a juncti on, ereln he device 1s
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at different predeterm ned distanceS downstream of the upstream side of the
f1 argys tfdnpertdturd Hanshad cdiffirid i digTdIvi Rthexnd! Al s dvidish spaced
fromeach other as to be capable, when in use, of generating an aggregate
out pitte Velot agerwhi G Chadges junetions’ and/ whdehl | keenmlesttcd 1y
flamefront of a flane supported by the flanmestrip noves over the region

occC mmtedted ke tdrnately iof selrdeshwithj onetorneoreadfuriives disdreter oss
them with relatively large changes in the voltage output occurring as the
f | antiermj unaokbmss cdte, ot 'eachnoffi theanliatiter thesevveags autgakd’
remaining at a relatively constant value as the flanefront noves across the
r egijmdetorenwberednswhen tthe devitceoids, loawatedr énnpasdtdoneatithcol d'
junction is at a, or_a respective, position spaced fromall_ of the 'hot’

j unctespect nte htheofyameatnip, dthect hek’ o uprEiong, g AoBLEFRFEME r eam
of the flanmestr ig;dand conducti ng neans via which voltage ,qut puft éstilgnal S

emarRESGRLeFBiRE istances downstream of the upstream side o
flamestrip, the individual ‘hot’ junctions béing‘- so dimensioned \)
and spaced froﬁ each other as to be capabl_e, when ih use, of
generating an aggregate output voltage which changes in a
generally step-like manner as the flamefront of a flame supported
by the flamestrip moves o(rer the region occupied by the plurality
of the ‘hot’ junctions and successively across them, with
relatively large changes in the véltage output occurring as the
flamefront crosses each ’‘hot’ junction and with the voltage output
remaining at a relatively constant value as the flamefront moves
across thé region between successive ’hot’ junctions, and wherein
the or each ‘cold’ junction is at a, or a respective, position
spaced from all of the ‘hot’ junctions in the longitudinal
direction of the elongate body and upstream of the flamestrip; and

. conducting means via which voltage output signals emanating from

the junctions can be sensed.

‘From another aspect there is provided a fully premixed air/fuel
gas burner apparatus comprising a flamestrip through which

premixed air and fuel gas can pass for combustion in the vicinity



the junctions can be sensed. From another aspect there is provided a fully
prem-xed air/fuel gas burner apparatus conprising a flanestrip through
whi @b prenmi xed air and fuel gas can pass for conbustion in the vicinity

5 of the intended downstream side of the f$amestrip (having regard to the .
i ntended direction of flow of“the premi xture through the strip); a

t her noel ecPfi $heednitended, downsdaeaad sidepofi then fliamestadpe (havindaegard
flamestrip, the device conprjising-an elongate suggorti ng body havi ng

thereon a pPuitds thntendedybirzection HE ofkow oafr FBenprepixture through the
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of the 'hot" ‘junctions and Successively across them wth relative
changes i n glehq Q0L ol BY! mOEE UE - EiSe A £ 418t & BN U SIS Sadfe, or

"hot' junction and wth the voltage output remaining at a rel ative1y
constant vaaeh f tfife] | BaBLePNtoMREVeA@NE (dW1d eTiaiicebnPeRherein the
Y ‘hot’ junctions are at different predetermined' distances
downstream of the upstr_ea-ni' side of the flamestrip, the individual
‘hot’ junctions being so dimensioned and spaced from each other
as to be cap_ablé,___ when in use, of generating an acjgregate. voltage
output which changes in a generally step-like manner as the
flamefront of a flame supported by the flamestrip moves over the
region occupied by the plurality of the ‘hot’ 'junctions and
‘successively across them, with relﬁtively large changes in the
voltage output occurring as the flamefront crosses each ‘hot’
_ju;_:_ction and with the voltage ocutput remaining at a relatively
conétant value as the flamefront moves across the region between
_successive ’hot’ Jjunctions, and wherein the or each ‘cold’
junction is at a, or a respective, position spaced from all of the
’hot’ junctions in the longitudinal direction of the elongate body
and upstream of the flamestrip, conducting means via which voltage
output signals emanating from the junctions can be sensed, and
signal processing means res'p'onsive to the voltage output signals
for g':ontrolling in a predetermined manner both fan means via which

the air is supplied and gas valve means via which the fuel gas-is



successive 'hot' junctions, and wherein the or. each 'cold" junctionis at ~
a, or a respective, position spaced fromall of the 'hot' junctions i n<fhe

. longitudinal direction of the el ongate body and upstream of the flanestw#p,
conducting neans via which voltage ogit put signals emanating fromthe
junctions can be sensed, and signal processing neans responsive to the

vol t aggpplikeAUtardl JfledfelhPr c6RBE6DLENGT inh &2 Fetistermined Hanner kaeh fan -
means via which the air 1s supplied and gas val ve neans via which the fuel
gas aerationsuppl iacdf bmset istipplortednt byl [ty  Ehaneptedpl, erand)tsk ngorer t he
aeration of a flame supported by the flanmestrip, and/or for indicating

f | aminddicatlinghrfrdamencestabkbishmentt nepr dhedY fldmestnip caandgot! foe | oss
fromthe flamestrip. From a further aspect there is provided a conbination
of ainddcatdngciflamesdosisndrooyithe flamestiripsstrip for use in a fully
prem xed air/fuel gas burner apparatus, through which flanmestrip, when in
use, prem xed air and fuel gas can pass for conbustion in the vicinity of

t he i ntended downstream side of the flanmestrip; and wherein the device is

fi xeBTOR- skcfuathey t aePerhndhene ARd REAPIdeds ancerBiBatioBuRfor i ng
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J unc&'hgp‘, iﬁhﬁégi, %*Qﬁiﬁgatéif Uied iﬂPéQl aJaes actand ipfafsg 3 combustion in
the vicinity of the intended downstream side of the flamestrip; \;)
and wherein the device is fixed or secured to the flamestrip and
comprises an elongate supporting body having thereon a plurality
of temperature sensors comprising discrete thermojunctions which
are to serve as ‘hot’ Jjunctions and which are electrically
connected alternatively in series with one or more further
discrete thermojunctions, the, or each of the; latter to serve as
a ’cold’ junction, wherein the 'hot5 junctions are at different
predetermined distances downstream of the upstream side of the
flamestrip, the individual ’‘hot’ junctions being so dimensioned
and spaced from each other as to be capabie, when in use, of
- generating an aggregate voltage output which changes in a
generally step-like manner as the flamefront of a flame supported
by the flamestrip moves over the region occupied by the plurality
of the ‘hot’ junctions and successively across them, with
relatively large changes in the voltage output occurring as the
flamefront crosses each ’hot""junction‘ and with the voltage output
remaihing at. a relatively constant value as the flamefront moves

across the region between successive 'hot"junctions; and wherein



predet ermi ned di stances downstream of the upstream side of the flanestrip,
the individual 'hot' junctions being so dinensioned and spaced from each

ot her<as to be capable, when in use, of generating an aggregate volt.age
out put which changes in a gengrally step-fi ke manner "as the flamefront of
a flame supggrted by the fl amestrip noves over the region occupied by fhe
plurality othener epgh ’‘gals:ibmetdan sk cakspvePy & rxpspeskive, pogition

relatively | arge_changes iin the voltage output occurring as_the flanefront
crosses eac?Pa‘gu%@' ﬁ‘ﬂ?g%t Pdd PE hhen ?h@t\'/oli%"et%%‘[“butl efBeniIgpgitudinal
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flanestrip,tﬁ€q%sggg§8£%ngaﬂeggss¥+§b&hich vol t age out put signals emanating
ACTi

fromthe ju ns can be sensed. In order to achieve the desired generally
step-1i ke changes in voltage output it is necessary to space the "hot".
junctions sufficientty apart, in a direction transverse to the flow, so as

to mnin sexhhgrgepiyd ifthidvdogie Ldeo1ba t §enBRhe alstip-1a%e [dHande¥ "in

junctions. The relatively large generally stép-like Change in aggregate

vol tage outppitafet Afgplts a¢ tir héesesappt t Ogpasea thwt "hpgmctiwictfons

advant ageous because the signal processing control neans can be arranged

not to respsafificieatdyi apayt]i inra cdirgetsion transverse to the flow, so as
U _to minimise the conduction of heat through the material between

the "hot" junctions.

The relatively large generally step-like change in aggregate
voltage output that occurs as the flamefront crosées a "hot"
junction is advantageous because the signal processing control
means can be arranged not to respond to relatively minor changes
in voltage ouiput such as might be caused by minor disturbances

in the flamefront.

In bufnér apparatus cqmprising this form of sensing device the
signal procéssin§ means may be such as to ascertain when the
output voltage from the temperature sensors departs from a
predetermined value. For example, if partial lift off of the
flame from the flamestrip occurs, so that the flamefront moves
downstream away from a suitably positioned "hot" junction, a
decrease in the aggregate output voltage will occur. When
sufficient this decrease may be used to cause the control means

to adjust the aeration at the flamestrip so as to restore the
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in voltage output such as m ght be caused by m nor disturbances in the.
flamefront. In burner apparatus conprising this formof sensing devic€-the
signal processing neans nmay be such as to ascertain when the output. voage
fromthe tenperature sensors departs_froma predeterm ned value. For
exanple, if partial lift off of the Tlame fromthe flanestrip occurs, so

that the LLapef baph, POYRSLAGWISHEIAM AWM Jd U8 2 ki dahlvaOpiiipnes, " hot "
gregate 8 T RbE e

junctl crease int aggr egatre output Voltage W occurs When

SUffiEﬁE%ré@éEegﬁfﬁ%ﬁS\%m. be used to cause the control neans to adjust
t the

t he aeratTon at amestrip so as to restore the 8 aggregat e out put
of the sensing device to, or substantially to, the predeterm ned val ue.
~When the device is located in position with respect to the flanestrip, one

or mowReR! tH¥ dBoLce] Ut oeatery De woditddn ohithe rlypsdt ead ste of
the flanmestrip, so as to be wthin the flanmestrip. Aternatively, all of
the "Poamestnipi odne NBY nvrd @ thec2ioth Hhactdonst nagnbei dpstiedncof
flamestrip. In a different arrangenent one of the "hot" junctions may be
subst thei downsitereahn side tde thenfiamestsiige. sconasntenbley witheimrtieach
"col d" junction serves to sense increased tenperature upstream of the
f | ane§lanestrip. r eAlttemfatfively | i ght bafk iz uthotY) funotdonshaay dvestrip
and in resEonse thereto to generate a voltage out put which can be sensed
vi a t@ewnstream of the downstream side of the flamestrip. In a
different arrangement one of the "hot" Jjunctions may be

substantially level with the downstream side. v/

Conveniently, the or each "cold" junction serves to sense
increased temperature upstream of the f},a,mestrip as a result of
flame lightback occurring through the flamestrip and in response
thereto to generate a voltage output which can be sensed via the
conducting means. In this case signal processing means may be
provided with the burner apparatﬁs to be responsive to such
voltage output signals emanating from the at least one "cold"
junction. For example, the signal processing means may be
connected to control means which, when such .voltage output exceeds
a predetermined value, operates to close a valve via which fuél

gas is supplind to the flamestrip.

During operation of the burner apparatus the different ‘hot’
thermojunctions will be exposed to different and variable
temperature at their various positions inside and outside of .the
_.reactibn zone of the flaine,- whilst the or each ‘cold’

-thermojunction upstream of the flamestrip will, 'hofmally ’ " be



conducting nmeans. In this case signal processing neans nmay be provided with
t he burner apparatus to be responsive to such voltage output signals

emalda'tl ng fromthe at |east one "cold" junction. For exanple, the signal
processing neans may be connegted to contg ol means whi ch, when such vol tage
out put exceeds a predeterm ned val ue, operates to close a valve via which’

fuel gas espespfl t6dasubsttant tAERY 'dinglld iddil xp Periperntaird Ne A0 ¢ the
apparatus the different 'hot' thernojunctions wll be exposed to

di fferent Thetd thermejpunctionsrmiybe aowrsireamad thep downstreamside afid
outside of the reaction zone of the flame, whilst the or ‘each

'col d' ththeoflawestrippstream of the flanmestrip will, normally, be 9
exposed to a substantially single cooler tenperature. Al of the 'hot'

t her noj unctions may be downstream of the downstream side of the flanestrip.
Wth a given geonetry of flamestri and devi ce t he out put of the device
wi |l depeWdtbnaisiven geoneten Phiflome and gevige ufihe putpuss of the

flamastr|§ Whep.the latter iis known om a neasurenent of the fuel
gas flow F‘é}cﬁhﬁlﬁkr%ﬂ?ﬁfi@&h% aeyat Sn #ﬁ‘é ‘P’He‘?‘?ﬁ)é}eeiﬁ QuUERR pex upit
|Ilustrated|n gdeta%_- below,_wll g ther EIECB{{
juncti ons$¥§ pOLaPEFELER 5| gHHanm‘f ﬁ'&& 2d e (foflrt MYy 8nd
control tio 0 ot ut
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The thermoelectric device, as illustrated in more detail below,
U will provide (via the thermoelectric junctions) an output voltage
signal which may be used in the monitoring and control of aeration
in ’closed-loop’ aeration control systems. The output voltage
from the device may also be used to provide an indication of flame

establishment and/or flame failure and/or lightback.

The device may be in the form éf a probe. In this specification
a probe is defined as a form of theAdevice which is constructed
and arranged so as to be 'removab_ly mountable or locatable on a
‘part of the burner apparatus, other than on the flamestrip, in a
predetermined posit'ion with respect to the flamestrip with which
it is intended to be used in the burner apparatus. For example,
. one end-of the probe may be insertable through a dedicated opening
or aperture in the flamestrip whilst the other end may be
removably securable to, for example, a wall of.- a plenum chamber

of the burner apparatus.

The device may, alternatively, be in a form intended to be

permanently fixed to the ,fia_mes_trip-itself . for example by bonding



est abli shment and/or flanme failure and/or |ightback. The device may be in
the formof a probe. In this specification a probe is defined as a forniet
t he device which is constructed and arranged so as to be renovably
“nountable or |ocatable on a part of ge bur ner apparatus, other than on the
flamestrip, in a predeterm ned positTon wth respect to the flanestrip with

wheris P oy st o Naiod
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end- e" probe may be 1 ns openi'ng or aperture

in tf?eéiﬁgemﬁ%{f-g?yg@ﬁt abless! Nale CEHiBR1EE 'SFO¥AR Yerdras@lly, toy for

exanpl e, enum chanber of the burner apparatus. The device

n&w-é&téﬁagﬁgvehfougﬁ bR apkftirentiandm@é tfdesteFrif6éAtby bktefdifngt he
flamestrip itself, or exanpl e by bondi ng 10 neans, to forma

conbi 48698 & peripRethineagei 6f Thesriamaserigevi ce may extend across the
t hi ckness of the flanmestrip, by extending through an aperture in the

flamestrip or by extendi ng across a peripheral- edge of the flanestrip. Wen
t he device, whether in the formof a probe or not, extends through an

aper tWinen i thehdevliespswhegherhdnf itivee Siorimp ofata |prshe i orppot, embendsi ne
one or nore openings adjacent or inmedi ately adjacent the outer surface of
t he dehviceghsabhapeatureedin: kbeb filamestyim (khe t famestuip, optnleasterves
to support a flanme _having a predeternined,relatignshig to that supported by
t he rtePatts BaYidefingnene ey more openings adjacent or immediately

adjacent the outer surface of the device, such that when the
burner is in use the or each opening serves to support a flame '\)
having a predetermined relationship to that supported by the

remainder of the flamestrip.

By immediately adjacent the Applicants mean that the or each
opening is defined between the outer surface of the device and the

flamestrip.

By adjacent the Applicants mean that the or each opening is
defined solely by the flameStrip, there being closer to the outer \;)
surféce of the device no other ports, openings or other like
apertureécinteﬁded to support flame. The or each such adjacenf
opening may, but need not be, one of a plurality ports extending

through the flamestrip for supporting flame on the flamestrip.

When the device is located in position with respect to the
flamestrip, any "hot" junctibn downstream of the downstream face
of the flamestrip may be shielded by a physical barrier from a

direct line of sight to any source of radiant heat. Where the



By i mmedi ately adj acent the Applicants nmean that the or each opening is
def i ned between the outer surface of the device and the flanestrip. By

adj &eent the Applicants nean that the or each opening is defined solely by
the flamestrip, there being el:eser to thalouter surface of the device no
other ports, openings or other 1ike apertures intended to support flane.
The. or eafBamestrid) fiores dodio ey compusttionnebamber bevimg: sofr faqssumiliichy
ports extending through the flamestrip for supporting flame on the

fl amest ri preveepable afemitting amasdiant heptsi such ag tinsudating synfiaces,
flamestrip, any "hot" junction downstream of the downstream face of the
flamestri @ M{PTReak; Eprddatipga hafifdiec Halar PR¥r ber RV ifded cbetwgenpysuch

ight t diant h . W th fl trjp fi '
R I TSN TR T VL ST ML Ty AL
M R S I S S TR AT R
fl tripyl .of - ' Lt ' t .
wppar at us rYRISAN Mk it WY, BRI 4pE RS S findhich SKod Y Mirect tine
al tus; the f . : t ! ort f rom
e of S "aighd oo LATFL e Pl L) e nedils [ANESRoBUOEETLE RLISes
expl ai ned ¢hat %scPo%i% 3:'96 i ot TRAES t@%aﬁ&i&tbﬁeﬁ%@v'.d‘ﬁg k3gtirgldneach

“hot" junctio roma direct Iine of sight to the or each other ™hot"
junction. ofORNPEAME CexplPindd CPeter N0t Bhysi\6d1l OPaFLIEFt heaAsOhalh@lso be

downstream si de of the flamestrip
W provided to shield each "hot" junction from a direct line of sight
to the or each other "“hot" junction. For example, the or each
"aot" junction doﬁnstream 6f the downstream side of the flamestrip
may be located within a, or a respective recess, provided in the

device; thus the physical barrier is provided by a portion of the

device in which the recess is formed.

The device may include a hollow cylindrical or prismatic portion
which has a peripheral surface on which the temperature sensors

are provided.

Alternatively, the device may, for example, have a planér surface
on which the temperature sensors are provided. Conveniently, .the
device is of flat or planar form proViding two planar surfaces,
in which case all of the temperature sensors may be on the same

planar surface.

Whether the device is in the form of a probe or not, the

flamestrip may comprise -a first flamestrip zone and a secénd



may be Iocated within a, or a respective recess, provi ded in the device;
thus the physical barrier is provided by a portion of the device in mhlch
the recess is fornmed. The device may include a hollow cylindrical or
prismatic portion which has. a peripRi@ral surface on which the tenperature
sensors are provided. Alternatively, the device may, for exanple, have a
pl anaflamestripozone chithe thenptiiot'tr junetions BE phevidiadic<Cobegngent |y, .
the device is of flat or planar formproviding two planar surfaces in which
case a¥rangedhsot aspioatsenses dregyreratare emamating afwom| anflanaffont.
Wiet her the device is in the formof a probe or not, the flanmestrip may
corrpr$%@%rf—$¢ only Medhe firstefiamestriporene. ﬂlhﬁ”nfs-trﬁtpazldnsempnd t he
"hot" junctions of the device being arranged SO0 as to sense tenperature
enanaAPRRFE fRA Ref Aakeprast wikhpeachd ahier 19r + Rl terrativelystmay bene.

The first and second zones may. be integral w th each other or,

al terqﬂ’a??%\:? i‘rﬁ?tbénel secong Mlamestyin Raghe | EOARIFEIVOLY ¢ s, Such
{ ogotsAFSE br Sqpend ﬁdsi%ﬁ$rfﬁé&2a”“¥p°r aﬁ%n%‘%%eoﬁé’&%ﬁcéﬁfhe
conb Tt SN 1471 ”‘?‘%ercg‘iéenéfﬁ%ﬂ&eﬁ& sPoFranc PR pPEBREAed, [ Ehe! aory
o e ?‘?%é‘ng%%ie rBetiChrhlyl B Bixedl ot e f’-fﬁﬁ%eﬁ‘%é%@%%?i%dﬁ%
non- regli g ra & Egﬁﬁhhh%&%.f Mith this arrangement the first flamestrip
zone is preferably used under conditions wherein there is no \)
significant amount of heat radiation from the first flamestrip
portion (i.e. uﬁder-.so—called non-radiating conditions) for

reasons to be described later. The second flamestrip zone or

zones may be used under either radiating or non-radiating



reasons to be described later. The second flanestrip zone or zones may be
used-under either radiating or non-radiating 13 conditions. The first
flanestrip zone may have one or nore ports therethrough via which the

prem xed air and fuel gas can pass for conbu$Bi on. The:-invention will now

be described, by way of exanple only, with reference to the acconpanying
drawi ngs, in obnditions.guThelfibstsflamestiripizand may have oneelorchmore ports
device, in the formof a probe, according to the invention and its

posi ti oni ng wtherethrengh wia Wwhichsthe ppremixdd ratyr - aaph fivelu gas-icgmr padsi for
a plan view of the probe and flanmestrip taken in the direction of arrow I

in Figure 1 weohbus&iomsr noj unctions and tracks onmitted, Figure 3 is a -

per spective view of one enbodi nent of thernoel ectric probe according to the

i nvention, Figure 4 is a cross-sectional view of the probe, taken on the

line I'V-1V through the,lengtaﬂof t he. probe shown iin Figure 3, clanped_in
position by aTBechnveptioRywildinnpushe desqribed Ry WaY, of,exgmple, only, with
apparatus as shewn in Figure 1, Figure 5 is_an end view of .the probe and
Surroundi ng sFEESEENGRLTY Fhe, 2qRAMBRRYIRIATANIRdSy AR MATER 1T but with
the ring seal and securing ring omtted, Figure 6 shows in idealised form

by way of illustration a graph

Figure 1 shows in schematic form a thermoelectric device, in the
form of a probe, according to the invention and its positioning

W, with respect to a flamestrip in a burner apparatus,

- Figure 2 is a plan view of the probe and flamestrip taken in the
direction of arrow II in Figure 1 with the thermojunctions and

tracks omitted,

Figure 3 is a perspective view of one embodiment of thermoelectric

probe according to the invention,

? O Figure 4 is a cross-sectional view of the probe, taken on the line
IV-IV through the length of the probe shown in Figure 3, clamped
in position by a securing ring with respect to a flamestrip and

‘ burngr apparatus as shown in Figure 1,
Figure 5 is an end view of the probe and surrounding sleeve taken
in the direction of arrow V in Figure 4, but with the ring seal

and securing ring omitte&,-

Figure 6 shows in idealised form by way of illustration a graph



i n which voltage output fromthe thernoelectric device is plotted agai nst
~aeration for different heat outputs per unit area of flanestrip, Figuref?
. shows in idealised formby way of illustration a graph in which voltagég(
output fromthe device is plotted agaifppst tinme to portray, successively,
the flame at the flanmestrip appearing, ®enmaining stable and then '

di sappear.i sudde FLaure. 8.1 LLSschematic qil st ' 0 ts
- of "o counr oL e veRHse ot pit e Rk EREE o ndead BekaPerts IIBMNGH <

accordi he, 1.V | 0 Fi _ L N | ek O [ of
anot herggﬂ%gﬁ%ngan%ﬁkoﬁemd*evggg é%g)fr:e&% r'%h ?%@ ?%eo?;?]:g:g% cﬁeti Fl{lg]i&?eg% [ ;%g
vi ew of 2viece in Figure 9 taken in the direction of arrow X, Figure
11 shomgigﬁﬁgg%%gﬁatic forma portion of a further enbodi ment of device
according to the invention, Figure 12 shows in sonewhat schematic forma
plan view of yet another enbodinent of thermpelectric device shown fixed in
posi ti opjfAre H aKRWe iih FdduYiseld fdirmd By QRly SGEtiDIastraiowia tdifaph '
conbi nati on of the device and flamestrip, taken on the line XIII-XI1 in
Fi gure iR, whichi gwnabé icuthutl Exons dtid Aevice eis tpkotted idwinstecfid/- XV
in Figure 12, an

to portray, successively, the flame at the flamestrip appearing,

remaining stable and then disappearing suddenly,

Figure 8 is a schematic illustration of components of a control \J/
system for utilising the voltage output signal from a device

| according to the invention,

Figure 9 shows in schematic form a portion of another embodiment

of device according to the invention,

Figure 10 is a view of the device in Figure 9 taken in the
direction of arrow X,

-’
Figure 11 shows in schematic form a portion of ‘a further

embodiment of device according to the invention,

Figure 12 shows ih somevhat schematic form a plan view of yet
another embodiment of thermoelectric device shown fixed in

position to a flamestrip,

Figure 13 is a cross-sectional view of the combination of the

device and flamestrip, taken on the line XIII-XIII in Figure 12,



Figure 15 is a schematic view of a burner apparatus incorporating a
conpinati on of device and flamestrip illustrated in Figure 13. Wth

ref &ence to Figure 1, the thernoel ectric probe 1 conprises a probe body 2,
for exanple made in the formof a hollow cep&ic rod which may be
cylindrical (as shown) or prismatic and on the outside surface of which are

printed trackigureahundls 3 apdsslsastiofialaviewneaken opxthadiifie! KFYLRIS ¢n
of the rod. Al though in this enbodi ment a chronel/al unel thernoelectric

pair is descFigage 12y landbe “appr eci ated that any other suitable .

t hermoel ectric pair may be used. At predetermnined positions the chromel and

alunel tracks are joined together to form upper thernojunctions 5a,b,c,d

(four in this particular exanple) at different distances fromthe tip of

the probe anBiguwer 15hisnajschenatic vdew of a( burseri apphratpsr fihcorporating

exanple) all at substantially the sane distance fromthe t;g of the probe.

The al unel taaermbinasionhoft deviceuandi Shapestridp: hdluatvated: incRigureods.

t he thernojunction 5a extend down the probe and are connected with

el ectrical termnal regions 7,8, respectively, via which voltage out put

signals are ﬁassed fromthe p roge as wl| be described Igter The tracks

and t her noj u éFpoﬁgfﬁE?nES SocFagureqdls okhekhermpslectric, pyohend sewmprises

protection a alns rrosion, The onne tion t e burn

Pbparat us anfl Probe) BOBY 2al teBaXeRPLn Bt ok, thentord of:a halipy theanic

probe will PS gesﬁﬁbge%a&a%e cylindrical (as shown) or prismatic and on the

o - outside surface of which are printed tracks of alumel 3 and

chromel 4, alternately, extending lengthwise of the rod. Although
in this embodiment a chromel/alumel thermoelectric pair is
described it will be appreciated that any other suitable

thermoelectric pair may'be used.

At predétermined positions the chromel and alumel tracks are

- joined together to form upper thermojunctions 5a,b,c,d (four in
this particular example) at different distances from the tip of
the probe'-and lower thermojunctions 6a,b,c - (three in this

. particular example) all at substantially the same distance from
the tip of the probe. The alumel track 3 from the thermojunction
5d and the chromel track 4 from the thermojunction 5a extend down

- the probe and are connected with electrical terminal regions 7,8,
respecti_vely, via which voltage output signals are passed from the

- probe as will be described later.

. The tracks and thermojunctions may be overglazed for the purpose

of providing better. protection against corrosion.



-

The burner apparatus (of which only parts required for an understandingwgﬁ"
the present enbodi nent are shown and described here) is of the fully e
prem xed air/fuel gas burner kind and conprises a ceramc flamestrip 9 '&!
having a plurality of burner ports 9a, sygh as slots, extending.

t heret hrough and a perneable flanetrap 10 spaced bel ow the upstream face of

L5 RS SenBSCEICR o St £l hothes MOBUASGIATIY 11,

adapted for the supp gas m xture to the

body 2 exiids fddPEdhnedtsion ticrbonteedXnghhs aktarRal 206 ¢nE Prove wiril4

in the plenum chanber, flametrap and flanestrip, respectively. The

probe boghe idesticidey H¥k®y ranged to so extend through the aperture 14 in
the flamestrip that the upper thernpjunctions 5a,b,c,d are at different

predet er mi ned di stances above the flamestrip 9 and the | ower '
t hernmoj unctions 6a,b,c are at substantially the same predeterm ned di stance
bel ow t h@hfd abaxnerp. appargtuset (¢f arwhitheonlynspartsheregeirede fidri ran he
flamestrip and of the probe body 2 are jointly such that the gap 15 between
t he surfardexstandingetithe poesentgemhedimentuareastowne and elesgridied he
probe is of simlar size to the actual normal ports 9a extendi ng through
.the flambeme)p is iaf athe LAY | preniyed airvfﬂmlt hgagathwonesr kipdf ands
and flamefronts in the vicinity of the thernojunctions 5a,b,c,d is
subst ant CemPrises sanpexanis, flamestxrimp? okANdngom Pluxakitvt ofc rnemse
associated with the nornal ports. Cbnseggentkﬁ; the flapmestrip can be: .
vi ened Ports 9a, such as slots, extending therethrough and a permeable
flametrap 10 spaced below the upstream face of the flamestrip.\)
Below the flametrap is a wall 11 of a plenum chamber adapted for

the supply of air/fuel gas mixture to the flamestrip.

The probe body 2 extends through substantially coaxially aligned
apertures 12,13,14 in the plenum chamber, flametrap and
flamestrip, respectively. The probe body is adépted and arranged

- to so extend through the aperture 14 in,the-flamestrip-that the
upper thermojunctions S5a,b,c,d are at different predetermined
distances abové the flamestrip 9 and the lower thermojunctions‘;
6a,b,c are at substantially the same predetermined distance below

the flamestrip.

The geometry and dimensions of the aperture 14 in the flamestrip
and of the probe body 2 are jointly such that the gap 15 between
the surface of the flamestrip bounding the aperture and the
exterior of the probe is of similar size to the actual normal -
- ports 9a extending through the flamestrip as is also shown in
Figure 2. ' Thus the nature of the flamés'and flamefronts in the



as defining with the probe body 2 a dedicated port or aperture 15 for the
t hennpel ectric probe 1. An annul ar sl eeve 16 made for exanple of ceramc
mat efi al and having a cylindrical (as shown) or prismatic inner surface
extends fromthe wall 11 of tde plenum cha only to the discharge side
i.e. the upper side, as shown, of the flametrap and is in sealed contact

Wi th both t hefidpipty ¥ thd Ghérneieictivis sHID |\ @asc8abetantfaflf tife Same

is provided with an "annul ar outwardly extending flange 17 having an

external screu ! hsrad ¢18séoappreimation 06t €heVhatubeCbf! thoskcakBociated
screwed into the wall 11 in a manner such as to provide a seal to prevent

| eakage of tkeitdi thiditlorgial poits! e Conisecmierntly ,sithevElandstPip\¢dn belviéhed

outside surface of the probe body 2 is provided with two fixed, parallel
formati ons omas et irflirkp wiithc thex probechodyr 2l  dendicated tpokith @ aperture 15
surface of the probe body 2 and are | ocated substantially dianetrically
opposi te eaclfos khe thétmodélechriomrobeydge in respective channels,
keyways or grooves, 20,21 in the sleeve 16. The channels 20,21 are open at
their lower ends to pernit insertion of the formations into the channels as
the probe body 2 is slid through the hollow interior of the s|eeve 16 into
the burner ag¥aranpylarhslep¥endiss made: fRX ce¥appleoof; RexaRie Baterialand
sl eeve 16 so_that the ugger inds of for_mationi 18 %9 engage or_ abut
agai nst end HIVNER SY1Andpicald(as ghown) OBy spat ﬁé%&éﬁ“@ﬁ@%?"ﬁﬁ@ds
channel s 20, 1r‘omB leo%aat].llr]%fg {:ch)é p enun ¢ 8& gezl' nor'H]ye t%h%:%réeldis%g’a%eaggde
- i.e. the upper side, as shown, of the flametrap and is in sealed

contact with both the flametrap and plenum chamber.

The lower end of the sleeve 16. is provided with an annular
outwardly extending flange 17 having an external screw thread 17a
(as shown in Figure 4) via which the sleeve is screwed into the
wall 11 in a manner such as to px:_oiride a seal to prevent leakage

of the air/fuel gas mixture between the sleeve and the wall 11l.

Y, The outside surface of the probe body 2 is provided with two
| ‘fixed, parallel formations or lugs 18,19 which extend outwardly

and longitudinally of the surface of the probe body 2 and are

located substantially '.diémetrically opposite each other. The
formations engage in-respective eliannels, keyways' or grooves,

20,21 in the sleeve 16. The channels 20,21 are open at their

lower ends to permit insertion of the formations into the channels .

as the probe body 2 is Slld through the hollow interior of the

sleevé 16 into the burner apparatus. The channels terminate short

of the upper end of .the sleeve 16 sd that the upper erids of




furthernmore agai nst the end surfaces 22,23 of the sleeve it is ensured that
the probe body 2 is positioned correctly in a rotational sense, should this
.be necessary or desired, and also at the correct depth of insertion in tHhe
bur ner apparatus so that t he thernnjuni%ions 5a,b,c,d and 6a,b,c, are
at their predeterm ned positions with spect to the flanmestrip. The -

che Tat chardpsdche, iR 87 Gndsed oo | Apbe SPRRRRE. ] miiaihel BRTa3
Cuan t hapepdastl v ol SV e e MRS eids or Ehg BARRETH 20 21.

desired throughout the depth of the flanestrip. One formwhich the probe
may take in practice is shown in Figures 3,4 and 5. Wth reference to those

figures gftfoéé.ﬂher e | torRatdsns Pegl, 16t in ei;saenéﬁaﬁﬁefsgw 21 hana .
been designated the sane reference nunbefs and will not be described agai n,

to avoi depgkflerimore agdligist ftHd hénd esafﬁaaésonzqnsp loF ithe aleevesiteli
necessary. In Figures 3, 4 and 5, the probe body 2 is in the formof a

st rai ght ensulried hatd the | prober #ddy red iwvipesitioned heorpectayacin ya
At each of the termnal regions 7 and 8 as shown in Figure 4, netal
stri ps 2f#oRationadl eensegalshouldhizdriise be medessaryeroendesitethecandaalso3
and 4, respectively, to provide electrical termnals to enable the probe
t o be coatethedcorrechtdepthrafisinsentiion n dhec burner apparatash socthat
strip 24,25 : .

P the thermojunctions. 5a,b,c,d and 6a,b,c, are at their

W/

predetermined positions with respect to the flamestrip.

The engagement of the formations 18,19 with the channels 20,21 .
also determines the lateral positioning of the probe body 2 within

the sleeve 16, in a plane parallel with, for example, the

flamestrip 9. This positioning is such that the gap 15 which

encircles the probe body is substantially as desired throughout

the depth of the flamestrip. -

One form which the probe may take in practice is shown in Figures - h
3,4 and 5. With reference to those figures parts similar to those
described with reference to Figure 1 have been designated the same
reference numbers and will not be described again, to avoid
repetition, unless further explanation or clarification is felt

necessary.

In Figures 3, 4 and 5, 'the probe body 2 is in the form of a
straight, thin-walled hollow ceramic rod having a low thermal

. capacity. At each of the terminal regions 7 and 8 as shown in



conprises a portion 24a, 25a overlying and connected, for exanple by a
met gt/ metal bond, to the respective |ower end of the tracks 3,4 on the

out s#tle of the probe body, an internediate portion 24b, 25b which extends in
a seal ed manner through a respective apertud@l(not shown) in the wall of

t.he probe body 2, and a portion 24c, 25c whi ch extends down the inside of

the wat|l of Fhgurel Mownstak stuipsodd;as are electnically comnected todthe
as viewed in Figure 4. Above the terminal portions 24a, 25a the probe body 2

i s provi ded WPWBrarends cofal theatiagks 8 pand; 26. respectively,bkoeprovide
apparatus fire intQ a_region_ in which the fressure differs fromthe

pressure in ehectgicalptexpinalgatio 1enakle; dhey proke gt be; (Ronnected to

bl anki ng- of f pl 6 wll serve_to prevent | eak , via the interior ,of the
probe body 2°SB¥%B nBeABds, 8§ W, 1&n9°t§§s§§5983 igg§ﬁomﬁaFR petale sSkrip, 24,25
P 8 P e I R A e
pl enum va Bha=thte p=10+ @ften OPe (it ed™n

Phe wei 1 11 BY BrBebRLAAtAaRBER- Lo shhorePPRRE P FRUEF, Sut of Ehe. hadhs

i ing 27 ' I i I 273, '

onto Elﬁf ext 3t Aot O SRCATAE, B e PRone BBEG, & Feraliidle® phEiion
2 nd i's cons B2 MiAEh \EFERER AR a SRgH MipfEE CHrPndi T Diddpeckive
27a of the sggubtiige’ | (Hbt2'shOuRj O\ Ctie S 4R 1EL ek O3eoHY TP FINUARM a

gap 29 between
L', portion 24c,25c which extends down the inside of the wall of the

hollow probe body towards the bottom end of the probe body as

~ viewed in Figure 4.

Above the terminal portions 24a,25a the probe body 2 is provided
with an internal blanking-off plug 26. Should the burner
apparatus fire into a région in which the pressure differs from
the pressure in the space below éhe wall 11 as viewed in Figure
4 the blanking-off plug 26 will serve to prevent leakage, via the
interior of the probe body 2 between the region and the space.

As shown in figure 4, the plug 26 may be so located in the probe
as to be in the zone_between the plenum wall 11 and the flametrap

10 when the probe body is mounted in pqsition.

Relative to the flamestrip 9, the probe ié secured in position on
the wall 11 of the plenum chamber by means of an internallj screw
threaded securing ring_zﬁ'having,an annular internal flange 27a.
The ring 27 screws onto the externally threaded flange 17 of the

sleeve 16;_A ring seal 18 of triangular cross-section. (as séen in



the probe body 2 and the sleeve 16 at the |lower end of the sleeve. The __
surface of the flange 17 of the sleeve 16 and the surface of the flange .27
of the securing ring 27 incorporate conical seatings 17b and 27b which ﬁ!
engage and match respectively with the faces 28a,28b of the ring seal
28, as can be seen in Figure 4. If nece§Sary or when desired, the probe

ppar at uf BHPBCAT ehELLPERS 58 Fidnd Bing 2 Mia dq (oupibeded Retias Fhg
shown) cErpRBRSRd UF ehg dlceyed e BRACERE Flahgl'aAl of TN REChrinllring®
conduct i 39 FQr h%’i}‘id%‘lﬁ’ ggﬁloahEEﬁ Eiﬂ@ﬁsbﬂff €n&by Hﬁil.b?sgégegﬂ Bbewbih

| ower end of the prooe bo Yy to connect wt exter naTl electfiiCa equl plTent

The bott Qﬁbegé'o_ﬁé bbay 3 At kMY sTekvec18' &Y i irel Mvdr @ia oF the sheuve.t WO
recesses 30,31 inits internal surface to receive a lug or lugs (not shown

and as apReoRurF¥atk of the ¢ilhngeah7sorf thé Siebve g6cahai €Ak Bh¥fackOof
facilitate correct positioning of the plug with respect to the term nal
conduct i tBepoflangé 2%¥a 2bf Othé heeouriingooding Ty pdwdorporadeindonical
configuration of "the thernojunctions 5ab,c,d are predeterm ned having
regard tseatdnsr 12b ap@a2zbushichl drigage and matichhrespektikelyr wiithi the

i ntended to be used. Prior experinments and investigations will have been
conduct esurfacesc2BagRbeoff the aningiseal @8 f iagican be skenhdn Figure 4.

t her noj unctions 5a, b, c,d, the nmagnitude of the aggregate voltage out put
signal If necessary or when desired, the probe can, after unscrewing the

a

securing ring 27, be withdrawn from the burner apparatus throughu
the sleeve and be replaced readily without dismantling the burner

apparatus.

It will be appreciated that an electi:ical plug (not shown)
carrying terminal conducting pori:ions for engéging the terminal
conducting portions 24c,25c‘ on the probe body 2 may be inserted
into the lower end of the probe body to connect with external
electrical equipment. The bottom end of the probe body may be
provided with one or, as shown, two recesses 30,31 in its internalu
surface to receive a lug or lugs (not shown and as appropriate)
on the external surface of the electrical plug, to facilitate
correct positioning of the plug with respect to the | terminal

conducting portions 24c,25c on the probe body.

The positioning and configuration of the thermojunctions 5a,b,c,d
are predetermined having"regard to the burner apparatus and flame
" strip ‘with which the probe is intended to be used. Prior

experiments and investigations will have been conducted to



fromthe probe 1 with the port |oadings (ie. heat output rates) and the
aer~§‘1t:i ons used to produce the results. Such data can be presented in the
fornrof a graph as shown in Figure 6. To illustrate the basis of Figure 6,
let it be assuned that the burper is operatazpg at sonme particular rate of
heat output and at the desired aeration with the flane in a substantially
stabl e st at ecorhelatepeffantanyi gdven, confiquratiom oX the Fthermojundbtons
t her noj unctions 5a, b,c are downstream of the flanmefront and relatively hot
conpar ed wi t$ajhecyler theumagritus® aofhithe aggregatec wdldags wutputssignal
6a,b,c are relatively cold conpared with the thernojunctions 5a,b,c,d.

(Al of the feemstheaprpbecdi sithsihe portaleadisiggmatin. 'heat utput orates)
jand the upstream junctions 6a,b,c are designated the 'cold junctions).

‘Wth the flaedrehe aerationsoused to proguse the m%tsvolé%@b datan can be
probe wll be of a garii cul ar rrg%nitude dependent_ upon,the, aeration of the
air/fuel gaP¥esentedsippEheq form; At 3 graph 3% shewn Ap FAgwrea€-a point

on a performance di agram such as Figure 6, note being also taken of the
faeration and of the burner port |oading corresponding to the rate of heat

;EF;? f’: the 198 %ﬁ%#ﬁaﬁgﬁﬁﬁ?8@%8_3?7?2?38@5%253 “?ﬁ?é&é 12 Armad, Hat the
the burner e Cl (o eint g oy "somel BRER Srlnla® Foke, ot Rppfi SuEREF A 2t

:aeration is gl nﬁggﬂ‘i@f rﬁ%ﬁ%ﬁﬂl With thd! $18le’Tin MY SEtantialdy stable

position "Y 1n Frgure S case |
R . state, the flamefront being at, say, position 'X' in Figure 1.

The thermojunctions 5a,b,c are downstream of the flamefront and
relatively hot compared with the thermojunction 54, whilst all of
the therinojunéti,ons 6a,b,c are relatively éold compared with the
thermojunctions 5a,bdb,c,d. (All of the downstream junctions
5a,b,c,d are designated 'hot' junctions and the upstream junctions
6a,b,c aré designated.-the tcold’ jpnctions) . With the flamefront
at position 'X' the aggregate output voltage from the probe will
be of a particular magnitude dependent upon the aeration of the
air/fuel gas mixture supplied to the burner. This can be shown
as a point on a performance diagram such as Figure 6, note being
also taken of the aeration and of the burner port loading

corresponding to the rate of heat output assumed.

If, in response to a change in the external demand for heat » the
rate of burner héat -output is altered, the position of the
- flamefront relative to ;t;.he probe will generally alter. For
example, if the burner is caused to operate at a higher rate of

heat output, while the aeration is maintained unchanged; the



.

only the thernojunctions 5a b will be downstream of the flanmefront and
relatively hot conpared with the thernojunctions 5cd. It wll thereforebg
apparent that with the flamefront at 'y', the aggregate output voltage f™m
the probe will be different from.(in pr@ice, lower than) the aggregate
out put voltage delivered with the flanmefront at. ' X'; and this could be

por t r ay ed Jamef ot mayo moveotoathie ppsit ok ' ¥ i Figare. 1V¢rin this case
flanmefront to nove successively. across the thernojunctions 5a,b,c,d,
an aggr egaily thiepthermbtjapetibnstszj/iangdd be doynstreahyos tthe |filamefront:

woul d be produced since relatively | arge changes in aggregate voltage
out put wamdl relativelyhbot| sonpaved ugs&s@eaﬁmmu?mms obcyfi | sttt he

aggregate voltage output would remain at a rel atively constant value as the
f I amef r oMilinkheretere ke apparenyythat j¥ithcthe Slamefzppt at 'Y', the

t her moj uncti ons. Furthernore, should there occur ;a_change in the aeration
of the aidganRgatmeukput veltage from the prohe,wdld bedifterent fxam (ing
unchanged, the tenperature of e products of conmpustion wiJl in the .
Gonoral BraAckiGes Lauar Ehany) LREAIGEETAES PUTETL raLAYR, da ttrsd with,
result, ch t he t hernyj tions, d stream.of. the flamefront wll
produce %ﬁ‘q nﬁi%ﬁﬁﬁ?nguf‘ u'tt dl t%,gﬂﬂﬁ Fﬁnge\H%é’%t’?f | @8,fnother
aggr egat e_qut,put_ vol e._differe td“ ore. Once again this effect can
e dep, c PEENE, bn f et i T Riie’ s 3,

Were the flamefront to move SuécesSively across the\J
thermojunctions 5a,b,c,d4, an aggregate output voltage which

" changes in a génerally step-like manner would be produced since
relatively large changes in aggregate voltage output would occur
as the flamefront crosses each thermojunction whilst the aggregate
voltage output would remain at a relat_:_ively- constant value as the
f£flamefront movés across the region between | successive

thermojunctions.

Furthermore, should there occur a change in the aeration of theu
air/fuel gas mixture, the heat output rate of the burner remaining
unchanged, the temperature- of the products of combustion will in
the general case alter, for example decreasing with increasing
aeration. As a result, each of the thermojunctions downstream of
the flamefront will produce an individual- output voltage, and the
‘device as a whole an aggregate éutput voltage, different from
before. Once again this ‘effect can be depicted in a diagram such

as Figure 6.



It will be appreciated that, once produced for ~a given

devi &gl f | amestri p/ burner apparatus in conbination, Figure 6 can be used in
a reverse sense as a 'l ookup table' or data bank, to deduce the aeration
which is inplied by sonme particul ar val ue ofﬁa@gr egate output voltage at

Soprenit it i MEL" B2 aperfladal Mial? " ondes pfbanesd porer oo sdven
oo T AR e, AR, SR otk can
Houre s i nb® pidcn £¥e0ekee sirad A4\ LG, ERIE" | 8 Cdafabank, to
FFom the: dovi SSHA et Aty W 1Bn0T5 9401188 BYTLEAS BalliBH1aXPVAREE o
gpf ces of ¢ AYITEY Sigile YolaiGd UL Hing! Wr CUGIEHO ) 16F It GluEut
o onE ! o RS BULP dogligel, PLeHLCANEbY bmeli L Y it 1o
eStabl i shed i poisiBid ¥V ispddifsi,alte iy Sﬁﬁﬁmﬁﬁtﬁr@%i&d‘:ﬁhéﬁ_ﬁ’_%ﬂcéﬁt&ble

al which the voltage falls when the flanme becones exti ngui shed.

control systemifftsoconrdevietion t6f stheahepations fronsoie AuFited Gr Odeal
one hand, processing neans for detecting a rapid positive rate of change in

aggregat e out palluegl ingteinenot pertdesiblé apperi aind dowdr llimits of aggregate
establ i shnent and, on the other hand, processing neans for detecting a
rapikd, negat i veutgpht ovvolkagee | at addratgapertut poadingt age Its shotdkdcecadso be
flame loss. The rise or fall in output : ' '
appreciated that Figure 6 is not unique. For example, should the
burner fire into an enclosure or chamber the relationship between
the aggregate output voltage from the device 1; the aerat‘_.ion and
the burner port loading may be altered. Any such alteration would
arise from radiant heat exchange between bounding surfaces of the

enclosure or chamber and the thermoelectric device._

Figul__:'e 7 shows the agg_rgga_te output voltage plotted against time.
This Figure highlights the rapid rate at which this voltage rises
. as the flame becomes established in a substantially _stabie or
_ settled state, and the rapid rate at which the voltage falls when
- the flame becomes extinguished. i‘he control system may be
provided with signal j_procéssing_ means'. comprising, on one hand,
_processing means for ;h_;técti_ng a rapid positive rate of change ia
aggregate | output volﬁgg_’e from the d_e,vice 1 as e_vid_ence_ of flane
establishment and, on .'".'the_ . o.t.:__her. hand, processing means far
detecting a rapid nega_ti_ve rate of change in a_ggr_egate__ oﬁtput

voltage as evidence of flame loss. The rise or fall in output



»

vol tage depicted in Figure 7 would be substantially conpleted within a _,
period of a few seconds, typically 5 seconds, by reason of the |ow thernma
.capacity of the device. If the burner apparatus nal functions and |ight b3¥
occurs with the flanme burning i nmedi atg#l\_/upstream of the flanestrip 9, the
t her moj unctions 6a,b,c will becone rel ali'vely hotter than the '

th . : Cei ¢ T : : _
di (rareg?Jl ;%Q%gggd %ﬁ?eé%eg#n?i Ee ffgangﬁ}%lo%equent i y { Eeﬂl ofélér,l yeo ?he
aggr egat ﬁi’éfﬁhage QYiRY! olf" ATEENC sEBEhES, \tYbi L8P TS S¥ERAS; by Péason
control system mag I ncl uge.5| gnal proces$iny means to defect %uc¥1 a

reversal off thldt Qo thlera@dd Rapaldiity &t thedaevtcefl flanme |ightback.
Ref erence w Il now be nade to Figufe 8, purely to illustrate the different

functions of the thernoelectric device, and to show broadly how they may be
utilised to control the operation of burner apparatus, for exanple in a
boi l er fRf tHeMbhkNér pparatuie aaltanctdons and dliditibadlooconirs’ with ihe.
Wien there arises a denand for sonme particular rate of heat output fromthe
boi |l er, fhamei sburwindg| diniediatelyadpstrieant iofy that fismestripmod sthe ce
(not shown) to an interfacing signal processing neans 40. This latter then
provi desthévmogunctions rfadece dwild hiecomen reXatindly - bobted 'thamkthe
table') an output signal representative of the gas flow ate necessary to
suppl y tthermpjunctions oGapbicddnepimce Tthe JSoymer | widdl i newedbeo the
first input of a conprehensive central signal processing nmeans 41.
junctions more directly exposed to the heat of the flame.
Consequently the polarity of the aggregate voltage output from the \J
device will become reversed. The control system may include
signal processing means to detect such a reversal of output

voltage polarity as evidence of f lame lightback.

Re'ference will now.bé made to Figure 8, purely to illﬁstrate the
different functiéris of the thern_uoeiectric device, and to show
broadly how they may be utilised to control the operation of
burner apparatus, for example in a boiler for providing central

 heating and/or a sanitary hot water service. : \

When there arises a demand for some particular rate of heat output
from the boiler, this is signalled from a load-indicating heat
output demand source (not shown) to an interfacing signal
processing means 40. | This latter then provides (for example, in
accordance with an internally-stored 'lookup table') an output
signal representative of ":t.he gas flowrate necessary to supply the
rate of heat output demanded. This signal is delivered to a first

input of a comprehensive central signa'll processing means 41.



25 The act ual gas flowate existing is neasured by a.gas flowate detecting
mearfs' 42 and reported to an interfacing signal processing neans 43. The
output signal fromthe neans 43, representative of the actual gas flowate
existing, is delivered both to a second inpgtsof the conprehensive nmeans 41
and to a signal processing means 44, the function of which will be

desctibed SUlMRtidal ghe YobuRAEe Oékﬂﬂ‘hﬁéoﬁt BeaBLetd by 2 Z%J.lé Vfi&@rhﬁe

parallel to signal processing neans 45,46, 47,48 The neans 745, are,

menti oned abdetecting amedns 042 Jdha 7reE6?ﬁﬁat | ¥@! yant hint@ePacing signal
detecting: (i) a rapid positive rate of change in aggregate output voltage,

i ndi cative oprbcessing akéansnatd. athd i ohtputapignadgatron rélie sleatisangs,
in aggregate output voltage, indicative of flame |oss. The neans 47 is a
neans for derepresentative afi theaadtmajngasdflovrate exigtingpl isgdeliverea
&he device. Gven that the neans 45 has detected a rapid positive rate of
change in t hbo&hgrtaya esecopdt inputags fohen comprahensivie cneansr #lcandk to a
that the means 46 has not subsequently detected a rapid negative rate of
.change i n t hsdgnallt aprecessingl meanppadant theatfunctien | igfht whichhewill be
descrlptlon 36 en above regardltg the functioning of the device 1, a
positive val ¥.put vol tage of at |east sone '

‘predet erm ned nagnltude will be indicative of the continued

The voltage output from the probe 1 is delivered in parallel to
LJ signal processing means 45,46,47,48. The means 45,46 are, as
mentioned above in relation to Figure 7, respectively, the means

~ for detecting:

(1) a rapid positive rate of change in aggregate output voltage,

indicative of flame establishment, and

(ii) a rapid negative rate of change in aggregate output voltage,

indicative of flame loss.

The means 47 is a means for detecting the polarity and magnitude
of the output voltage from the device. Given that the means 45
has detected a rapid positive rate of change in the aggregate
output voltage from the device 1 and furthermore that the means
. 46 has not subsequently detecﬁed-a rapid negative rate of ‘change
in this voltage, it will be apparent that in the light of the
..description given above fégarding the functioning of the device
1, a positive value of the aggregate output voltage of at least
some predétermined magnitude will be indicative of the continued



presence of a flane on the flamestrip 9 of the burner apparatus; and that. a’
negative val ue of the aggregate output voltage will be indicative of flan

|l ightback. It will therefore be seen that each of the nmeans 45, 46, 47
delivers an output signal to a respecti & i nput of the conprehensive signal
processi ng neans 41, to informthe nmeafS 41 of the detection of flane’

bl i I I ngl f.l a i .
e ohs Plphaed 4%a. ifne A Ch O LLaMBPLS 6 GE e Ml e
L ati : J ot ; .
Gescr | e Hhaes Ty Yaludf of the. EpgPBRate buthys Volkige Wil be
recei pt Ha gag]ofrfgaﬁéf%e : 4. depends upon whet her or not the

signal fromthe neans 4 rom sonme predeterm ned val ue signifying,
on the basis of the signal fromthe neans 42, that the burner apparatus has
not yet been put into operation. If the signal fromthe neans 43 inplies

that thewind theRfire beSséeh tIEE Addl) off thePNOaNSSEH 4 6N Aelli vidrd
output a signal to an air flowate control neans 49 regul ating the

rotati o outprrt @ighalatoadl respectiveoinmit of the éampréhenvivé@aidrxl f an
50 will commence rotation. The air flowate delivered by the fan 50 is
measur eprucessing rméansr4tp teot dnformy thenmedhsadd ofpdhecdetevtion of

i nterfacing signal processing neans 52 to the neans 41. The neans 41 will,

i f necestlame esfiablisimdnt ofilaxe losshestandingsflame presence or flame
lightback, as the case may be. B
The signal processing means 48 is associated with regulation of
}the aeration of the air/fuel gas mixture, as will be described

subsequently.

The action taken by the means 41 upon initial receipt of a signal
from the means 40 depends upon whether or not the signal from the
means 43 differs from some predetermined value signifying, on the
basis of the signal from the means 42, that the burner apparatus

has not yet been put into operation. -

If the signal from the means 43 implies that the burner apparatus
is not operating, the processing means 41 will output a signal to
an air flowrate control means 49 regulating the rotational speed
of a variable-speed combuétion air fan 50, so that the fan 50 will
commence rotaﬁion. The gif flowrate delivered by the fan 50 is
- measured by an’ air flowr;te detecting means 51 and reported via
an interfacing sigﬁal processing means 52 to the means 41. The

wmeans 41 will,'if'necessary, Subsequentiy'outputffurther~signa1s



td the neans 49 until the speed of the fan 50 has becone sufficient to
del idrer an air flowate substantially equal to a predeternined val ue
appr\o‘f)ri ate to safe starting of the burner apparatus. When this .air
flowate has persisted for _a predetern ged perlod of time (regi stered
for exarrple by a timer mean§’internal to the neans 41 and referred to as

the ! pre-purg® ! the )méafs eSS uhtil |théUspeedd 6£0He t Cabl i §¢ AL become
action an i gnition neans 53. After a further predeterm ned period of tine

(agai n regi sigufriciant ckongeivey ant aier flosratetaibstantidllg repiwl 4o a
this timer nmeans not necessarily being separate fromthat for registration

ff time duri predeternined valuet approprisitentansate \stidrtirgf athe gbarner
0 a gas flowate control nmeans 54 regul ating the degree of opening of a
nodul ati ng gappaatatuss, sUkhen hathiserair estlowratgashasovpersisted for a
substantially equal to a predeternmined gas flowate and conducive, with the
abovenent i ongresletidmyined pextiiok aft tipeofregistered, tfor lﬁ;ﬂml%pm at timer
jf the neans 41 then receives fromthe nmeans 45 a signal indicative of

fl ame est abl me@anshiinternak ity dhe seansy 4dcpnddraferradater agethe n! PEE-purge

eriod of tinme referred to as the 'ignition safety tine' and regi stered,
?or exanpl e, Gipe'y tthemeans 43 widd, sutpyt; ﬁesﬂ‘ﬂéﬁgr E?)b ing imatasagtig an

t put | g deactivag th t 53
:r)nl;aﬁg 47 TeodBRLIR Hepns FronALre '%grgsae%spﬁﬁﬁ#ﬁshws PEodapt, fine

e ﬁgma@%ﬁ% £ e 5, g AL 48 e
blrgna{ erﬁnoneg’ee%gﬁl\é bftfz Q%L'm%gysbgo c:gesézatfrlﬂ‘farﬂreqneg @ﬂﬂa@e from
that for registration of time during the purging operation), the
‘ means 41 will output a signal to a gas flowrate control means 54
regulating the degree of opening of a modulating gas valve 55,
such that there results a gas flowrate substantially eqdal to a

predetermined gas flowrate and conducive, with the abovementioned

airflow, to satisfactory op_eratiqn of the burner apparatus.

If the means 41 then receives from the means 45 a signal
Y indicative of flame establishment, this signal being received
within a predetermined period of time referred to as the 'ignition

: .safety time' (and registered, for example, by a timer means
internal to the means 41), the means 41 will output a signal to
deactivate the ignition means S§3. If, however, the means 41
.receives no signal from the means 45 within the 'ignition safety
time®', the means 41 will output both a signal to the gas flowrate
control means 54 so as -t'.o-. cause complete ciosure of the gas valve
55, and a  signal to deactivate the  ignition means 53.
Furthermore, after a predetermined period. of time which may be



substantially equal to the 'purge tinme', and which nmay be registered faor
exanple, by a tinmer neans internal to the neans 41, the neans 41 wl|l e
output a signal to the air flowate control neans 49 so as to cause the ¥in
50 to be deactivated and brought to re?é_ In addition, the neans 41 wl|l
initiate within itself a condition ter § | ockout ', V\/nerebyfurther

Boidhed ﬁ%v@st%é%@ﬁ& “eqipl] Yo PeBECSTpfgH"Ria? | il PSHIEH (HAY' Be
EL?SLHS giWRBLA FolNeragpie Ot ~§otiibr heant! 1AL 3 RASOAbHNG 42,
shoul d syfideplanifcsqy {91159 BEpLEIA0H gﬁn%an ePad%e El G dEd S0 Aér&a"

output a signal to the neans atter will, in turn, out put a S|gnal

to the gfsahlsOWodlsd ﬁQ”Eb%aﬁBé”éhé“féﬂ S6UES BEULALEI VAN £ndf biHEgHE
valve 55, and if necessary a signal to the air flowate control neans 49 to

cause t heospeat .of ﬂm%dﬁrtm t ¢hee nicdtisc . W1l ifPtidte witnim! £tHeTLNES

substantially equal to the predet erm ned val ue described previously. This

bei ng achi @6l itdoretstansed: hockdiet 5; éréby nfuktheraoperakticle of the
conprehensi ve processing neans 41 will initiate a startup sequence, as
descri bedenirad. Shgmall procassingt hexarisi K1t adis edebarred ameihga mser
| ost after being established, the nmeans 41 will initiate a 'l ockout'
condi t i oremowveisn %tanldut ‘ygdfior, example | byi temporarddysfintesyngptiingnthe of
flame at the flanmestrip, the flame should at some nonent |ight back into
the electrical supply to the control system. - '

\o/

If, following a successful establishment of flame at the flame
| strip 9, an accidental loss of flame should suddenly occur for
some reason, the signal processing means 46 will output a signal
to the means 41. This latter will, in turn, output a signal to
the gas flowrate control means 54 to cause complete closure of the
gas valve 55, and if necessary a sigﬁal to the air flowrate
control means 49 to cause the speed 6f the fan 50 to be reduced
until the air flowrate becomes suhstantially. equal to the
predét'ermined value described previcusly-.- This being achieved ( as\y
evidenced by the signal from the means 52) the comprehensive
processing means 41 will initiate a startup sequence, as described.
al_:ove. Should a flame either fail to result, or once | again be
lost after being established, the means 41 will initiate a
*lockout' condition within itself. .

Again, 'if, following a s;lceessful establishment of flame at the
flamestrip, the flame should at some moment light back into the
burner, this will be detected by the voitag’e polarity responsive



bﬂrne,r, this wll be detected by the voltage polarity responsive means
47 @gs-described earlier, and a signal will be output to the neans 41. The
.Iatt'é’r will then output a signal to the gas flowate control nmeans 54 to
cause conplete closure of the valve 55. ADGr a period of tine which may
be substantially equal to thesfpurge time' enployed during startup of the
bur ner appanmsans 47l adidéscrsiberd)ieardier, and axsighal il bensutpwtnto the
internal to the neans 41, the neans 41 will output a signal to the air
fl ow at e cormeams ndans. 4Theo katber t willartlen t oubputicaat signad. o the gas
addition, the neans 41 will initiate a 'lockout' condition within itself.
G ven that £Iownstescontrolimeans Atk gause conplete closurefofrthe valve
icontinues to exist in a normal manner at the flamestrip, if any difference
ibet ween t he 33 gnahfterppl perieod ofctimepwhichsmay dieysubshantdadilyy. to
41 fromthe_rrean;s 40,43'wer'e to exceed a predeterm ned magnitude this woul d
i ndi cate an thRictewrge timel ewplayed during \SIARTRR Pf 11 MHKNRY) aBRarakus
heat output and the delivere ate_of _heat output._In _case of such
eventual ity Q'H'gn"'P ch L8 regist F?d()uf%te-i§ﬁﬂﬁgﬁreb¥i Gn%ﬁé"elro neans,; internal
‘flowate control, neans 49 regul.ating the,rofational,. speed rigabl e-.
-speed conbursli‘? o*lhﬁi ReAns oot 4 t%g?% 6§isbiﬁ'w§t€i§:on?rgiﬁ‘%g #@aré’%sflr
regul ating t € ' fod _ J I : _
response Lo LIREHER e rEE adihe ad Vo, BRURE i) A 40 S B8 dqaghivatea.
control nea 4 bg r _ Qr ting 14 L 40 .
‘di fference ﬁht%gaifzgﬁérs%fh%n%@ §2 B8 ﬁﬁ&%é& &MHABKolit " Bodi¢ kh
- within itself.

Given that a flame is established successfully and that thereafter
it continues to exist in a normal manner at the flamestrip, if any
difference betﬁeen the signals supplied to the comprehensive
signal processing means 41 from the means 40,43 were to expeed a
predetermined magnitude tﬁis would indicate an unacceptable éegre_e
of inequality between the demanded rate of heat output and the
delivered rate of heat output. In case of such eventuality thén
the meané 41 will output separate signals to the air flowrate
control means 49 regulating the rotational speed of the variable-
speed combustion air fan 50, and to the gas flowrate controlling
means 54 regulating the degree of opening of the modulating gas
~ valve 55. In response to the signals from the means 41, the
outputs from the flow control means 49,54 may be arranged to alter
- 80 as ultimately to return the difference in the signals from 40
and 43 to within the péf_mitted, range of inequality. This is
performed in a manner such that the flowrates of air and fuel gas

alter at predetermined relative ra_tes_,.. the ratio between fthese



and 43 to within the permtted range of inequality. This is perforned in a *
manner such that the flowates of air and fuel gas alter at predeterm ned
relative rates, the ratio between these 30 flowates (and so, the "4'
aeration) being intended to remain at all.tinmes within a band having

pr edet er m ned upper and Iower limts, Qnantioned above. Furthernore,

shoul d | b14,04¢ <a0¥aRAGE tagrmanﬂ pIhY 13tBh8eACHS KARatAl UESoTH)

be nmade epen pon é rate gas or exanple,

{1 owr at 38" 4RVl B Bfd' An?1R3"graausLLiTnkE! GbbLE! nhogﬂswa&&ﬁitgf

nmagni t ude may be prescri tance to 1ncre

efficiengy ﬁﬁen%&oi‘t%‘ao@bﬂﬂi hefirtieriitie ANsifowia t Pt | ﬁfé@é hlvahtagedud,
cost of the conbustion air fan. Conversel y, at low gas flow ates, aeration

val ues i€ha band 6P \tirniGsiBE acationovalues! Nap 18 MR aént hifon
prescri bed, for exanple to provide an increased nmargin of safety agai nst

flanme | lghébaﬁkte AgZi ngas ofVosasonForf example,t wt chbgholgasagiowabéspny
be arranged such that when the rate of heat output is to be increased, the
air flowaeratien nvalagsedin! agidand i covelrimg crelativelys Ydwer avaluesdof
conversely when the heat output is to be reduced, the air flowate is

decr easewaghiihteymaytbe phescyibedasfdr dnatiance tion ingreasssthedthexgalhe
process of heat output alteration, the aeration value would tend towards
the uppeefEhgiencyhefhani associated heatinguapplinbeed amctei keasen: thet he

neans 40 indicate that the demand for
size and cost of the combustion air fan. Conversely, at low gas

flowrates, aeration values in a band éovering relatively higher o/
values of magnitude may be prescribed, for example to provide an

increased margin of safety against flame lightback. -

Again, for reasons of safety, the control means 49,54 may be
arranged such that .when- the rate of heat output is to be
increased, the air flowraﬁe is ix_:_crea'sed slightly in advance of
the gas flowrate; and conversely when the heat output is to be
reduced, the air flowrate is decreased slightly later than the gas
flowrate. In tt;is case, during the process of heat -outputu
alteration, the aeration value would tend towards the upper end

of the band of permissible values.

Should the signal from the means 40 indicate that the demand for
heat output has ceased, the means 41 will output a signal to the
gas flowrate control means 54 to cause complete closure of the
valve 55; and after a prezietermined time registered, for example,
by a timer means internal to the means 41, the means 41 will

output a signal to the air flowrate control means 49 to cause the



heat out put has ceased, the neans 41 will output a signal to the gas

fl owrate control neans 54 to cause conpl ete closure of the valve 55; and
after a predeternmined tine registered, for exanple, by a tiner neans
internal to the neans 41, the neans 41 wl| ﬁutput a signal to the air
flowate control means 49 t Gigause the ah 50 tobe deactivated. The
means 40 mayeds 84" €89 &Qaﬁeféﬁt conti nuous. demand .f or .heat output. to be
signal | ed to the means 41 as an Intermittent or cyclic requirement for the
burner apparatus to be brought into operation. This feature of the neans
40 woul d be especial Iy advantageous shoul d the denmand for heat output be

l ess than thpné Gresms hﬂﬁha?“h&“&rﬂﬁ?éébw dduye Tahéoﬂﬁﬁ.ﬂﬂbuép&é{n&hus fbi' heat
continuous operation. The arrangenent so far described in relation

‘Figure 8 prooutjput atoaibeNsi@halbeédOitol [tthe opéans0an’ ads nan I:ilmatafiwéﬂt or
‘that formof control the aeration nmay tend to depart fromthe intended
-range of valepslié¢orequirenentyifor ttihe cdurner vappatatus f tombehdrougtet into
iperformance of the fan or when there is a change in the flow resistance of
‘the flue. |operationses This ufeabirdpplfi cthe ' mednsi d® i wophdt beul espgcially
advant ageous, as in effect it transforns the aeration control nethod from
the ' open- | ;xdvantageous t should othe- HempndkFort, heatnoutpute becdreserthan the
‘W Il now be described. The |nterfaC| ng signal processing neans 48 outputs '
.to the nmeansloMestsihgat uhipute i&@bd-ﬁ t froliggthegat RUrRerutappara @sofm
t he

Ji continuous ope:at:.on.
The arrangement so far described in relation to Figure 8 provides
aeration control of the ‘open~loop’ kind. However with that form
of control the aeration may tend to depari: from the intended range
of values, for example, when there is a variation from the normal
performance of the fan or when there is a change in the flow
resistance of ‘the flue. 1In sucp cases the use of Applicant's
~device is particularly advantageous, as in effect it transforms
the aeration control method from the 'open-loop' kind to the
{ 'closed-loop’ kind, as mentioned earlier an& as _will now be

described.

The interfacing signal processing means 48 outputs to the means
. 41 a signal repfesentative of the aggregate output voltage of the
probe 1. A further input signal to the means 41 is provided by
the signal processing means 44. This second signal is
representative of the péi:;missible upper and lower limits of the
probe output voltage, as established by the means 44 (for example,
from an internally-stored -'lookup table' or data banic) in



probe 1. A further input signal to the nmeans 41 is provided by the signal.
processing neans 44. This second signal s representative of the,
perm ssi bl e upper and lower limts of the probe output voltage, as ~l
established by the neans 44 (for exanpl a7 from an internally-stored

"l ookup table' or data bank) in degéndence upon a signal fromthe

nmeans 43 deé%%‘&e?ﬁ%&?i 59 i RaSS FHd | gO{neHﬁ %;U?{élé ﬁ g&%@%’?ﬂatsbgi&ge

exi sting. e 'aggr egat & out put voltage [1e out’s

limts, &tagrz%@?ﬁ:aﬁw%ﬂ e %t&P%é&%i&GriéE”ékisﬂPghe ishodld the

I nstance the air flowate control neans 49 only. This [atter would then

cause t hggyregaltle outptit Wiltalge 1ileNoutaiael thied pddalidtible?A iMIts)Pthal €.

the flowafe o6f the conbustion™ir, so as to return the ratio of the air

f | ow at emeansha19&dullldoWitipat a eorreetingaklighhll,o ithehea Fiesthiitetasice
However, should such alteration of the air flowate prove unable,
because teofthedatrselewratestannnsl reansy 490onlgvi drhigclattpr wohld then
correction to the aeration, the neans 41 would then output a correcting
si gnal tecaube ¢he fvamiabbeespeed| fapafo B6 iroresdsecor otot Qeereageal as
bei ng converse to that supplied by the neans 41 to the air flowate control
means 49appuvoprdate,| thehds Lownaite: ofg thes combustionvairy docasate return
increase, as appropriate, the flowate of fuel gas sufficiently to allow
t he aer athen natiet ofn the aaiz fdawnaten teec the cgasd flowpate t (et the
appreciated, _ therefore, that the probe 1 can be enployed for the

noni t or i AgTakdondntpothef rangeinkendedc| fiowever, should such alteration

of the air flowrate prove unable, because of adversev
circumstances, fully to provide the required correction to the
aeration, the means 41 would then output a correcting signal to
the gas flowrate control means 54, the effect of this signal being
converse to that suppiied by the means 41 to the air flowrate
control means 49. cOnsequ_ently the modulating gas valve 55 would
decrease or increase, as appropr_iate . the flowrate of fuel gas
sufficiently to allow the aeration to return to a value within
the intended range.

o/
It will be appreciated, therefore, that the probe 1 can be
employéd for the monitoring and control of aeration in 'closed-

loop' aeration control systems.

In the interests of simplicity the foregoing description has
omitted reference to certain routine details relating to safety
which would need to be’ taken into account in- practice. The
description relating ﬁo Fi’gure 8 is intended solely to illustrate

the control features made possible by tise‘- of the probe 1.



| oop'’ aeration control systens. In the interests of sinplicity the
foregoi ng description has omitted reference to certain routine details
rel ati’ng to safety which would need to be taken into account in pract.ice.
The description relating to Figure 8 is intgmled solely to illustrate the
control features made possi bl'g:by use of the probe 1.©© \Wen operating

condi tions awher Hpérdting orditiéne  are' ¢randient, thd dutipdt GF 'the probe

out put which woul d be observed in steady- state operation at the same
burner port hdadi n@iffér agiohi ¢he batputswhich wdlld (e oBservédhdal steady-

output is increasing, the output voltage fromthe probe will be higher than
woul d be expetate ioperatipn atcthéusimel iburtienpoertoloading)andlderwtion. For
greatest when the rate of heat output is changing rapidly. Discrepancies of
this type carnstarce ,riwieh [therirate ifhhealke ontputalisc iperieasing,t thepositput
and nmexi m sing (subject to considerations of shielding fromradiant heat,
as wi |l be dexdtiagsl fivomthe probepwililcberthigher (than wowkdnle epested dyom
the conbustion products. The construction of the probe seeks to
facilitate tFicame &enchuchfdifiterenpe ofex vtlagi} nWilloket greategt when the
consi derations such as the strength and reli abi l%\#i of the grobe. . HO%E\{:%I‘i
since, in prate @ heat puERRt ois changing JFRAPIRLY - shBISCSERRANEILE Off This
response lag, it is necessar o control }hge rate, of ange,of burner h
out put so th%%é’%g’?%g‘&f@i/%ﬁgtbxo? S4n9 tHhe gﬂ?ﬁ@ﬁpﬁ?@?ﬁ%@e o?gtthe
I'ag, beyond tprzl:%bbearla% h@x&%isé&%‘sg' f('sﬁgj'egtttr.]oe cArPsO{(&Jé)ratta{)Anes ‘of shieldin_g fronm
f\/ radiant heat, as will be described later) the exposure of the
'hot' thermojunctions to the combustion products. . The
~ construction of the probe seeks to facilitate the achievement of
these objectives within constraining considerations such as the
strength and reliability of the probe. However . since, in
practice, the output of a real picobe will show some degree of
response lag, ‘it is necessary to control the rate of change of
burner heat output so that the aggregate output voltage -will not
stray, purely due to lag, beyond the band limits specified in the

‘ [} (]
L lookup table'.

It will be evident from the above description of the probe
illustrated schematicélly in Figure 1 and from the description of
the control system in Figure 8 that the probe may be uséd in a
multifunctional manner. Thus, the output voltage signal from the
probe can be utilised to monitor simultaneously the aeration of
the air/fuel gas mixture: 'the establishment/failure of the flanme,
. and the absence/existence of light-back. It will be appreciated
that the voltage signal. from the .proi:e .can be. .processed , and



It will be evident fromthe above description of the probe illustrated -
schematically in Figure 1 and fromthe description of the control systemjn
-Figure 8 that the probe may be used in a nultifunctional manner. Thus, -

out put voltage signal fromthe probe c% be utilised to nonitor

si mul t aneously the aeration of the airfftel gas m xture, the

establi s L l1r e 4qf. : .absenc | ce of :
| i ght - back. édvmﬁ' tgg %‘E%e‘%%%u‘% ﬁﬁé\;oﬁ]a‘g%ﬂs%&g%%%'f romthe probe
can- be processed, and 34 responded to, by mcroel.ectronic nmeans or )
otherwise. In an ideal arrangenent the thernojunctions would sense heat
from t hgnCamP4deaiNaprafyensntythe Wﬂl@j\lﬁ@{:%né‘w&i sénb® HEdt Fodu'©

t her moj unctions 5a,b,cd Wil also be sensitive to radi-ant heat enmanating
from varhelzombusti®h pPoltiets ByCéonvection ENEYD! Howdwd® [ h PRuetiiceam
side (i.e. upper side as viewed In the drawings) of the flanmestrip or from
refract ¢he dthdrméjurctivndesa)bcj@swildt allzovbe séneitivgei tiocaadianuint
of radi ant heat reaches a thernojunction in relation to the conbi ned total
of convheait'cehtanating rexbmnvapdous tévrbacesr jaer theder widinityj n for
general be adequately nonitored. An indication of the effect of radiant

heat magxampdedudirbn rthe Hamsteam side (hees| uppenfsitle abaviewed dn c
lines therein decreases with decreasing port |oading. This occurs partly
becausethiee drawings) pofeither flanestrip aors from heefioactooydicophnshionses

at fixed aeration. A low slope of the characteristic line for a given port
| oadi ngChapbieds 1inings (not shown). 1If a significant amount of radiant

heat reaches a thermojunction in relation to the -combined total\)
of convective heat and radiant heat, the burner aeration will not
in general be adequately monitored. An indication of the effect
of radiant heat may be deduced from Figure 6 in that the slope of
the characteristic lines therein decreases with decreasing port
loading. This occurs partly because the flamestrip temperature
increases as the porf loading decxreases at .fi_xed aeration. A low
slope of the characteristic line for a given port loading implies
that the aggregate voltage output of the probe will be relatively

insensitive to changes in the aeration. - - W,

Thus, as can be seen from Figure 6, the rangeA V over which the
voltage output varies between two different values of aeration,
fof example A and B, is greater at the higher port loadings than
at the lower port loadings. Viewed another way, the sensitivity
of the probe increases with an increase in port loading for a

given aeration.

In order to reduce or -minimise the exposure of the 5'hot'



t hat..t he aggregate. vol tage output of the probe will be relatively

insensitive to changes in the aeration. Thus,-.as can be seen from Figure 6,

the Tange[err] over which the voltage output varies between two different

val ues of aeration, for exanple A and B, isaggeater at the higher port

| oadi ngs than at the |lower port |oadings. Viewed another way, the

sensitivity ehelriojurdittiond $&755c)/d { fodradidtiSReat RAE! prtik "HayO'be’ so

given aeration. In order to reduce or mninmse the exposure of the hot '

35 t her noj unconetrunt.dd thatid respevtiiviicphyblicalrbdiriey i presentsdirétely

that a respective physical barrier is present directly between each

t her noj unct | betseen leachy thermdjunctiondiand tientsourve ofinthe radiant heat.

t hernojunctions 5a,b,c,d may be |ocated within grooves or recesses provided

around t he oRoer exanipiles, dthe HehexmdjmnotiionshBa \Jmig,d ey beblocated awithin

successive portions of decreasing radius arranged step-wise in the

direction anwgyobves tox regessesi pravideg naxownd atheccnitars suvfage of the

shoul ders or surfaces _on which the thernojunctions 5a,b,c,d nmay be | ocated.

Addi ti onal | yprobeul dAdternaivelyi pthesprobiecuayi have hsugeeseive pertipns of

conbustion chanber, this chanber should, in the line of sjight of the

t her noj unct i BBSTeasdnc Fasiug arranged, ateprwd sq, diny the dinegtdan away ( fren

radi ant heat, such_ as insylating |linings. For exanpl e, surfaces in the

Iine of sighth8 THAMEREFER; O iLHER SABONYAE. Nespsaes, AaYing showlders or

1

furfaces, Sugnrfaces on which the thermojunctions 5a,b,c,d may be located.
/

Additionally, should the flamestrip associated with the device
fire into a'combustion.chamber, this chamber should, in the line
~of sight of the thermojunctions, most .advantageously, not have
surfaces capable of emitting radiant'heat, such ‘as insulating
linings. For example, surfaces in the line of sight of the
thermojunctions should be low teqperature, cooled surféces, such

as suitable water cooled surfaces.

(~J By way of schematic illustration, the grooved or ' recessed
embodiments of probe may be in the forms shown in Figures 9 and

10, and 11.

In Figures 9 and 10, the outside or periphery of the probe 100 is
.provided with axially spaced annular grooves, only one of which
'101 is shown for simplicity. Each groove has a lower surface
portion 102, an upper safface portion 103 and ah inner surface
portion 104. Each groove accommodates on its lower surface

- portion 102 a-thermojunction 105 and the thermojunctions-ios in



as suitable water cooled surfaces. By way of schematic illustration, the
grooved or recessed enbodi nents of probe may be in the fornms shown in o
Figures 9 and 10, and 11. In Figures 9 and 10, the outside or periphery fﬁg
the probe 100 is provided with axially spgced annul ar grooves, only one of
which 101 is shown for sinplicity. Each groove has a | ower surface portion

102, an UppeEedsivace gRoved ke angitlatade’ ini f9681€96hE0N whitn Eapbe

groove accommodates on its | ower surface portion 102 a thernojunction 105

and the theripheprallpndisphacéd or VEFBEY Txrom’ eachOo¥Aerd eThée! tPA€Ks 106
positions which are peripherally displaced or offset fromeach other. The

tracks 1Gén@nrb7Ekteric Fion ehe! thetbojunctivh 105 Xebthe pbeipheryher tird

the probe 100 at its junction with the |ower surface portion 102 of the
groove 1Grobe 10enatiodtst janctisndeith the lower surifiace @ortion 102 of

t her noj unctions electrically preceding and succeedi ng the thernojunction
105. | nithéegpoowves 1 Glhecand athen] @owm dtli® 7outgbdeans tthe sprobee toworthens
103, 104, 102 of any |ower grooves 101 (not shown). Alternatively, and as
shown, t htceldtkthensojwoct tonarelectnically iprereding @nd csucereding kthe
108 extending longitudinally of the probe between the annul ar grooves 101.
Advant ageheryojunetijent H-%'%/- t heIlt h§hge|proeess s thehstEACks| (10§ handad0%s

the depth of the grooves 101. The channel arrangenent provides for better
physi cal RedRtiatethe syrface portians 403y 484, 102 of any lower grooves

101 (not shown). Alternatively, and as shown, the tracks 106 and
107 are located-within and extend down channels 108 extending‘d
- longitudinally of the probe between the annular grooves 101.
Advantageously, the depth of the channels 108 is substantially the
same as the depth of the grooves 101. . The channel arrangement
provides for better physical protection of the tracks and relative

ease of manufacture.

-In another form of probe as shown in Figure 11, axially spaced
recesses are offset from each other around the periphery of the
probe. Each recess, only one of whiéh is shown in Figure 11, iq\d
of part-spiral form 110 wherein the depth of the recess in a
radialeirection with respect to the probe axis (that is the
distance from the inner surface portion 111 to the outer edge 113
of the lower surface portion 112) increases in a circumferential
direction from a region 114 where the inner portion 111, lower
surface portion 112 and upper surface portion 115 of the recess
all merge with the periﬁﬁeral surface of the probe, to a region
"116 of maximum depth where the recess terminates at an end surface

117 which extends between the upper and lower surface poftions



ease~of manufacture. In another formof probe as shown in Figure 11,

axi aU_y spaced recesses are of fset fromeach other around the periphery of
.the probe. Each recess, only one of which is shown in Figure 11, is of
part-spiral form 110 wherein the depth of t&€ recess in a radial direction
with respect to the probe axis: it hat is the distance:.fromthe inner surface
portion 111 135ihk2 candr tedthe1isner surfaceeportitncdlper t Ion thi® case the
increases in a circunferential direction froma region 114 where the inner
portion 1I1, inneer syrfagee poaitiiom b prevideer ther base fan i ansmeotdl lead
recess all nerge with the peri heral surface of the probe, to a region 116
of maxi num onthefethendr, 238t te eF Eﬁemsﬁhﬁa@%mmﬂ@i°n
.extends between the upper and | ower surface portions 115,112 and to the
“inner surfac’e""bnrtion 111.- In this case the inner surface portion 111
“provides the base for a snmooth lead in/out of the tracks 118 and 199 to or
fromthe thernojunction 120. I\/bst advant ageousl y the surface portions 103

The end sur it : 3AvERtageoldlyl BRe | 1eaie" otPiondodon Wi iy 8E° ene
‘The t her %W%%t%%%@%ﬁ% %&efhg‘?ﬁ% ﬁgﬁgéfs'é?%fr%e‘*‘%%é@?%@ i

overgl azed fé]{rt.ﬁfgé eirll7or}:E  Te I\%ﬂgs%g Vj iy oal gtc};gg ?vaQag&gl‘ﬁz&

appl i ed separately of e provi single co |ne
layer. enissivity coating to further reduce the amount of radiant heat
K,/ retained by the thermojunctions 105 or 120.

' The thermojunctions and the tracks are overglazed for protection.

The low-emissivity coating and overglaze may be applied separately

or, alternatively, may be provided in a single combined layer.

As before, for a given probe, flamestrip and burner apparatus
prior experiments and investigations would be conducted to
_ correlate the magnitude of the voltage output signal from the
probe with the port loadings and the aerations used to produce the

. results. .

Figures 12 to 14 illustrate somewhat schematically another
embodiment 130 of thermoelectric device shown fixed to and forming

a combination with a flamestrip 131.

The thermoelectric device 130 comprises a channel member 132 which

- as viewed in the Figures is open at. f:h_e upper end, and fhas a



_As before, for a given probe, flamestrip and burner apparatus prior

experinments and investigations would be conducted to correlate the gj
magni t ude of the voltage output signal fromthe probe with the port >
| oadi ngs and the-aerations used to produge the results. Figures 12 to 14

Il lustrate sonewhat schematically anot her- enbodi mrent 130 of thernoelectric

devi ce SR ohi ¥redr 1105 930% fag WNIRA) Wna*ybleEeald A1 1asThe

t hernoel ectric device 1 conprlses a as viéewed in

the Fi gupesyin OPgataiort *lﬂéﬂﬁlerrﬁ?i’d Q’Eﬁiga&sg% of DEeFEMI &’ maReridd! lank33,
side walls 134, and a |l ower end wall 135. thin flat or planar rigid strip

136 of CHa¥INg sap_ei-iﬁheead aye Portiv 136 of PedfcBarthivkneds iy held
reduced thickness is held between the free ends of the channel nenber walls

134 and petweesh ahe Freeldhdshoghthé chaknel omémibef vl IddE3 ofardiaRsiahls.
As can be seen from Figures 12 and 13 the free ends of the walls 134 have

rebate parfrane i3Zawhiichhisctiveddss cheh€reedends dbifi suohswabbs! i Qs caiba
of the strip 136 with the outer face 137a of the frame 137 being

subst ant bel sgehl fxrbmwFigures b2tamd X ithe frekiend$365 tlie twells 1134 hade
The strip 136 is thus held securely but freely between the channel nenber
132 and rkebateanportions d34a whicharadconmodats dther cceducedi thickpess
ot herwi se occur due to differential rates of expansion and contraction

bet ween, PerEtisaso i3 Gmmef the strip 136 with dhe reutencfagend37ahefchhenel

menber 132 and franme 137 . L _
frame 137 being substantially flush with the outer facing surface

136b of the strip 136. . o/

| The strip 136 is thus held securely but freely between the channel
member 132 and the frame 137 so as to substantially avoid stresses
which might otherwise occur due to diffe_rential rates of expansion
and contraction between, on the one hand, the strip 136 and, on

the other hand, the channel member 132 and frame 137.

The flamestrip 131 comptiSes a piurality of similar burner ports
138 and an opening 139 which is of greater width than thé ports,
138 and through which the assembled device extends. The device
is secured in a predetermined position by fixing the outside
surface of the rear wall 133 of the channel member to the.bounding
wall 140 of the opening 139, for example by thermal bonding as
indicated at 141.

The front of the ceramic strip 136 defines with the opposing
bounding wall of the opéning 139, an aperture 142 through which

the mixture of fuel gas and air iS'paésed'and’which supports a



The flamestrip 131 conprises a plurality of similar burner ports 138 and an
open¥ng 139 which is of greater width than the ports 138 and t hrough which
the aSsenbl ed device extends. The device is secured in a predetern ned
position by fixing the outside surface of t rear wall 133 of the channel
menber to the bounding wall 340 of the opening 139, -for exanple by thernal
bondi-ng as i fdiame diawving 44. pfedeteenined riedatdonshdpsitc tHSE Sappoeted by
wi th the opposing boundi ng wall of the opening 139, an aperture 142 through
whi ch the m eache off theclplyaaldty of portsads&8d and whi ch supports a 39
flame having a pretermned relationship to that supported by each of the
plurality of ports 138. The construction, arrangenent and function of
the upper thernojunctions 5a,b,c,d and the | ower thernojunctions 6a,b,c _
are simlar T9e heonstructionpecdarbangenenty rangdecfunstiopur ©fi. theevupper
in this enbodinent all of the thernmpjunctions are on the outwardly facing
Surface 136bthermedunctians: Saaki-c, 6 apd the loyer: theraojunations sp, ke are

and chronel 4,ar,e joined together to formthe thernpjunctions 5a,b,c,d and
Ba. b c as cafiBdlgs, &R theses Agmdaagribesy above, With respgct to Figure 1.

t her moj uncti gns _of the_t different sets are electrically cqnnected
Loget ner ol HEPRYERvoRp, this.enbadlheRf ALL A% EnE herosluitinne Sre on the
t he.thernpjunction,5a

fown The. st r SR¥EEAY, CARAY, i ralh iek aFcEbe BarnEt RenaRIFograRR I8!

K_/ | Alternate ti:'acks of -aiumel 3 and chromel 4 are joined together to-
form the thermo_junctions Sé,b,c,d and 6a,b,c as can be appreciated

 from Figure 14. In effect the thermojunctions of the two
different sets are electrically coimected together, alternatively,

in series. The alumel track 3 from the thermojunction 5d and the

chromel track 4 from the thermojunction 5a extend down the strip

136 and are connected with eleg:trical terminal regions 7,8,
respectively, via which voltage output signals are passed from the

device 130.

The distance over which the thermojunctions Sa,b,c,d are spaced .
laterally on surface 136b is, on the one hand, substantially less
--than the length of the aperture 142 and is, on the other hand,
such that the thermojunctions 5a,b,c,d are sufficiently spaced
apart laterally to minimise the conduction of heat between the
thermojunctions through the ceramic strip 136. The provision of
a. ceramic strip 136 whicﬂ.is.thin and the existence. of the hollow
143 within the assembly of the channel member 132, .strip 136 and

the frame 137 reduces the thermal -capacity of the device and



ke

respectively, via which voltage output signals are passed fromthe device. .
130. The di stance over which the thernojunctions 5a,b,c,d are spaced Y
laterally on surface 136b is, on the one hand, substantially |less than T¥e
| ength of the aperture 142 and is, ont ot her hand, such that the

t her noj unctions 5a,b,c,d are sufficientl'y spaced apart laterally to
mnims UGl hg; t h | N Qugh t
Coram o BHERLBEE" Yniiheta (EPAnBELITOR MENETTFEN L ARPeRBIR TR [Pk

the exi stRagRodhnkbechal | 8 142, W. hi n when aseRED] kedbrdahertannal reRbS!

132, strip 1367and the franme 137 reduces the thermal capacity of th evi ce
and  4&mBbaiNents !ﬁ\é’aﬁhéﬁmb?/\?ﬁéﬁﬁbnef s8¢B| cf Acaré "posseLohbd £6 abcto

t her noj unctions 5a,b,c,d. th- the arrangenment in -this enbodinent,
the t hersahsactemperatore émanating fromcd Flasefrontesuppaarted 6nly by
emanating froma flanmefront supported only by the flamestrip 131. The
conbi natthe planbéstiipny3lsi Thi3éombinabiohhef e Eliamestddp asilafdnelye be
positioned next to another flanestrip 145 provided with burner ports 146
and | ocathermoelketride ddvide A80i cmay 3be cpositionedt mexter &0 canother
136, as indicated in Figure 13, to provide nmeans to facilitate burner
control fhamestrdp 3#5throvided withcbarner rpores. 146 candrlhecatedaatitthe
shown schematically in Figure 15 includes parts which are equivalent to
parts weifdehofe the cdeyigecd30iaremetedframrithe eenanic aa8rip, 136 saeh

parts in Figure 15, ) e
indicated in Figure 13, to provide means to facilitate burner

>

control in respect of the total flamestrip region.- \J

The burner apparatus shown schematically in Figure 15 includes
parts which are equivalent to parts which have already been
identified in Figures 1, 8 and 13, and such parts in Figure 15
have been allotted the same reference numbers as before. The
burner apparatus in Figure 15 is of the fully premixed air/fuel
gas burner kind and comprises the combination of the flamestrip
131 and the thermoelectric device 130 and the flamestrip 145 next
to which the flaniestrip 131 is positioned. In effect the twou
flamestrips 131 and 145 serve as flamestrip parts which together
provide an overall flamestrip. The ignition means 53 is provided
near the end of.th'e flamestrip 145 remote from the flamestrip 131.
A permeable flamétrép 10 is spaced below the upstream faces of the
flamestrips 131 and 145. Below the flametrap is wall 11 of a
plenum chamber. The air/fuel gas premixture is fed into the
plenum chamber for supply’ fo the flamestrips 131 and 145, with the
air being delivered by the variable-speed combustion air fan 50

and the fuel gas being delivered via ‘the modulating gas valve 5S.



have been allotted the same reference nunbers as before. The burner

appar‘at us in Figure 15 is of t’he fully preni xed air/fuel gas burner kind

and nprises the conbination of the flarrestrl p 131 and the thernoelectric
device 130 and the flamestrip 145 next to whlch the flamestrip 131 is _
positioned. In effect the two flamestrips 131 and 145 serve as flanestrip
parts which f&gehorldrise appreciatedithat dlestburner apparatusnofeRigubé 15
is provided near the end of the flanestrip 145 renote fromthe flamestrip
131. A per nesbionld arke r gorndideredaas timmpmtm,r eaand acundefstbed in
flamestrips 131 and 145. Below the flametrap is wall 11 of a plenum

chanber . Teendunctisin gwith; ethe ucentroledmystent 0 pFigunecnbardthor the
supply to the flanestrlps 131 and 145, with the air being delivered by the
vari abl e- spetheraealagtaicidevige agoamptlﬁéimerthyaaomgl-daIn/emuveals.
the nodul atlgg ga'l?‘L val ve 55. 41 |t shoul d be appreciated that the burnje:
Appar at us of “PeyAAE flowratedetecting means Al r B8 §hPWH, agfeciated with

flﬂﬂfﬁiéfigt BpegdbR messs By, ?xaé e fhr%%tsé%&eﬁf‘c%{"ﬂ‘%%eé%ﬂ%&ieghpﬁeﬁ5 prly is
and the gas. ?ﬁ%’wge%"é%&%a% b3 %&aﬁg%’a“% n?éf?é %‘%om#“a%%%é?a?%%e%&"?ﬁg? ERat

gas val ve S9%n ' ergig u
substanti al | Y y n oraﬁge Y utohg asescrl sd] on h %‘%‘%‘ﬁ{‘ce with the
functioning ghgki st3Yn @el@ﬁh@n\:bntﬁégﬂiﬁcéionlng of the control system in

U Fiqure 8.

Electrical conducting léads 147 and 148, protected by high
temperature sleeving, are secured to the electrical terminal
regions 7 and 8, respectively, and pass through sealing means 149
in a surrounding wall of the burner apparatus to the signal
processing means 45,46,47 and 48 as in Eigure 8 but not shown in

.Figure 15.

When the burner apparatus is operating, as indicated earlier in
relation to Figure 13, the thermoelectric sensors 5a,b,c,d sense
temperature emanating from a flame front of a flame supported by
" the flamestrip 131 but not emanating from the flamestrip 145. For
- reasons mentioned earlier, the flamestrip 131 is operated under
"non-radiating” conditions, while the flamestrip 145 may be used

under either radiating or "non~-radiating” conditions.

To reduce the amount of radiant heat retained by the

thermojunctions 5a,b,c,d should any radiant heat reach them, the



El ectrical conducting | eads 147 and 148, protected by high tenperature
sl eeving, are secured to the electrical termnal regions 7 and 8, Q
respectively, and pass through sealing neans 149 in a surroundi ng wal |
t he burner apparatus to the signal Q{_a_ﬁessi. ng nmeans 45,46,47 and 48 as in
Figure 8 but not shown in Figure 15. en the burner apparatus is '

oper aguEac@s136Ki 62t EXle cGétagic StFBpaii@Mmay beoprévidedi eth a low

t hernoel ectric sensors 5a,b,c,d sense tenperature emanating froma fl ane
frontewissivieyecoappagt ed by the flamestrip 131 but not emanating fromthe
flamestrip 145. For reasons nentioned earlier, the flanmestrip 131 is
operated under "non-radiating" conditions, while the flanestrip 145 may be
used under either radiating or "non-radiating" conditions. To reduce the
anourtThef theimojuhctionstaamdd tyet Heradks nopayctbensoserglazedshfatrd any
radi ant heat reach them the surface 136b of the ceramc strip 136 may
be prexoteetpnh a | ow enmissivity coating. The thernojunctions and the
tracks may be overglazed for protection. The |owem ssivity coating and _
overgl aze may be applied separately or,” alternatively, may be provided in a

el T TR o4 1Tt R A0 BV P EFA LS (IR RACPRRLLPE RENRERCS¥or di ng

{1 ameSt+ | SLECERAtKEhEnohaY e Brikifed Fo he Fonaat: oRRInSH (AvaE.
In a burner apparatus as described above using a relatively small \J
flamestrip combi_ned with a thermoelectric device according to the
invention; in .conjunction with one or more relatively large
flamestrips, the response of the device is dependent only on the
nature of the burner flame associated with the relatively small
flamestrip. It will be appreciated that the control system
responds to the output signals from the device and controlé the
burner, including the control of -'the aeration of the flame

supported by the relatively large flamestrip(s) as well as that

of the _'_relatively small flamestrip of the burner.

A further embodiment of thermoelectric device (also not shown) may
comprise a modification of, and an addition to, the device shown
in Figure 1. Thus, the thermojunction arrangement may be similar
to that shown except that the ’‘cold’ junctions 6a,b,c would not
be employed to detect lightback and would be located further
upstream under substantially singie temperature conditions, for
example in the region adjacent the upstream side of the flame

trap. Lightback would be detected by a completely separate



nature of the burner flame associated with the relatively small flanestrip.
It il | be appreciated that the control systemresponds to the output

si gwdl s fromthe device and controls the burner, including the control of
the aeration of the flane supported by t de3r el atively large flanmestrip(s)
as well as that of the relatively small flanmestrip of the burner. A further
. enbodi nentthefrndjamatsiar tarranenest (@it isttovtherdevicedonstruction
nodi fication of, and an addition to, the device shown in Figure 1. Thus,
t he ther ndjrunat isdmidaranfeshhonndp behei firkgkst 3 thadndhdetekcapa tireld he
‘cold" junctions 6a,b,c would not be enployed to detect |ightback and woul d
be | ocat edungtions upaibeardunid Gudsi@ninaFigurendi resppekivety. This
conditions, for exanple in the region adjacent, the upstream si de of {he,

flame tragenaxptedhemaiunddoniagangenent dhgarRaated it dhe ice
S lar 1 RGHIGh GRRETLEE (SRR <OT . WORAG DALY JHAGELERE Pind RrietEthined
T angene HTb AR HERFTRIRE (He FARME AR | Rmsrnb s dit Hild Hbs it don
Lxanpl o a09qp i B, VR Loy et dhy it dfRTds | ¥ b2 hdtieen i the
between  toe, fd :?%rn%xg?agﬂet 39 alde TRl s A5ty etn! PiGhger 4,1 whildtsithée

‘col d' thernojunc t hé separdt e thernojunction
rcold’ thermojunction(s) of the separate thermojunction

—



44 arrangenent woul d be | ocated upstream of the downstream side of the f

| amet r ap. The output voltage signal fromthe separate |ightback detecti®on
arrangenment woul d be sensed independently via separate termnals.at the-i‘hlé
base of the device. It will therefore b%q_appreciated that in this

enbodi nent one thernojunction arrangenent’ produces a signal - for use i'n

t he noni 5??%% 5 1 ﬁ i h8Ps

nonitori %g me eggﬁqﬁnﬁtzg%ﬁ gﬁfﬁs | ﬁ %ot eraég*ﬁgﬁgtgé yeé'g%afr"ge
+-her noj ugglel ment OGP f QJigHY t FbRY €RE ce,
or not, gfﬁbl ioglﬁﬁggﬁ.gﬁThe ﬁgﬁ I cant gabg??gééeet hajf t he agove dlgfcri eg&%&

devi ce 014ghtHATK dettedtidnsafyanganent AWGWId B¢ Gealsed Kndepeddintlyvia
resi stance tenperature sensor arrangenents. Wen there is a partial but not
conpl et eskpariatel teradnxa at)the basepoft thendevicel.and¢t widdotherefore
arrangement an erroneous output nmay occur as a result of an increase in
resi st anbe aappresiateq t thatar inal thisakemBédémentnobnior thiermojanictjenan
i ncrease in sensor resistance would signify an increase. in tenperature,
whi ch, werrangementiecproducesd a osihgmal oforheuser diri obhen monitdxdng oand
control system would inply a reduction in aeration. Consequently the
control spatzelnefl thenbunney aewakion and optisnadly alss foromepitoring

i ncreased, possibly to the point of inducing a conplete |oss of flanme due

to |ift, Flamgoqstankichmentitaiiune i Mhidsh | ahokhercorupletely BeRasBsho

the overgl aze protects the thernocouple tracks a{‘nd ;un tions to a_certain
ext ent akBermojunction arrangement produces a signal for monitoring the

occurrence, or not, of lightback. _ \J

The Applicants believe that the above described dé.vi'ce overcomes
various disadvantages associated with known platinum resistance
temperature sensor arrangements. When there is a partial but not
complete break of a connection in the platinum resistance sensor
arrangement an erroneous output. ﬁay occur as a result of an
increase in resistance accompanying the partial break. Were it
not for the breakage an increase in sensor resistance would
signify an increase in temperature, which, were such a device usedu
to monitor the aeration in a combustion control system, would
imply a reduction in aeration. Consequently the control system
would, wrongly, cause the rate of air supply to be increased,
possibly to the point of inducing a complete loss of flame due to |

1ift, as described earlier.

With the Applicants deviéé described above the overglaze protects
the thermocouple tracks and junctions to a certain extent and

should a partial breakage occur in, sajr ., one of the tracks, the



shoyld a partial breakage occur in, say, one of the tracks, the out put
sighal is not affected since the generation of output voltage fromthe
deviTe is not reliant upon a flow of current through the thernojunctions or
tracks. A substantially conplete breakage %Dl d be required to affect the
out put, and such a loss of path continuity nay be detected readily by

signal proceastipt "BdgnalThis PAsE hififidcted £inde!r ehelf ddiferdtidis &f 4 dutput

m nim sed by ensuring that tie coefficient of thermal, expansion of the

t her noel ect Moltajer foon fthetiduvide is anét sedibhe upon iNE16@, BEC clrent
6a, b, c approximates to that of the material on which such tracks and
junctions athrongtedhe/dhermojunetidnsda drackst | A substantialldy esaplete
solid-state oxygen sensors, can fail at |east in accuracy, for exanple as a
result of coreakage iwonldibd ramiired (ko afifaat tthed oudputi,r amd suchabudoss
normal |y expected under the prevailing conditions. plicants
investigati@ﬁénﬁiha@ﬂnﬁwnﬂﬁgY,méﬂvhﬁtdgﬁ%ﬁﬁﬁ?,reéﬂﬁ ¥t b¥nsignadaprocessing
and Nox emission fromfully prenxed air/fuel gas burners can be kept  at

| ow | evel s WeaNs-he Ther Possibiditye of xuptune oFf tthe Fracks B .4ndsppandniped
strip is maintained at a _high |evel, far, exanple greater_than 14Q0% bu

however not P¥t SRSWrang; dihatevkhe copffigisnt qfophexmal SHpeasion®t | Fhe
e R S A TR E O L A AR (R R LTI .
5a,b,c,d and 6a,b,c approximates to that of the material on which

\./ such tracks and junctions are formed.

Various other kinds of aeration sensors, for example solid-state
oxygen sensors, can fail at least in accuracy, for example as a
result of contamination which causes the output to depart from the

-value normally expected under the prevailing conditions.

Applicants investigations have shown that, advantageously,
combustion resonance noise and NOx emission from fully premixed
air/fuel gas burners can be kept at low levels when the aeration
of the flame supported by the flame plate or strip is maintained
at a high level, for example greater than 140%, but however not
at such a high level, for example 160%, as to cause flame lift.
The use of the_abdve*described device facilitatés close control

of the aeration to the requiredllevel.



CLAI M5 1. A thernoel ectric sensing device for use in a fully prem xed
ai r/fuel gas burner apparatus conprising a flanﬁmlnmnmlm ml ch 7
prem xed air and fuel gas can. pass for conbusti H y of the;x
i nt ended downstream side of the flanestrip (having fedard té the |ntended
direction of flow of the prem xture ﬁ_ ough the strip) the device
conprising an elongate supporting body having thereon a pIuraIg%gzgé
tenperature sensors conprising discrete thernojunctions which serve
as ho{ﬁF%%Q%tions and which are electrically connected alternately in
series ne or nore further discrete thernojunctions, the, or each of
the, latter to serve-as a 'cold'" junction, wherein when the device is

| ocated in position with respect to the flamestrip, the "hot' junctions are

at di f fe[entazprenigfodl deeridi Hetiinrg daersdecafpe! wde Liﬁﬁté\eaﬁlnﬁe of
the flanmestrip, the individual 'hot'. junctions being so dinensioned and

spaced from ppeiigelerads/feebe qapaburnetheapparatas otogpitsdnigngaan
aggregat e out put vol tage which changes. in a generally step-like manner as
t he fIanefroﬁlamésarﬁpamhrumquthbﬁnprémnxédaaﬁrtanﬂ finels gas ecahhe
regi on occupied by the plurality of the "hot' junctions and successively
across them passh foi appmbuystlmngem hiingesviainhtyvof agbeouintendedurring
as the flanmefront crosses each 'hot' junction and with the voltage out put
remai ni ng downstream side of the flamestrip  (having regard to the
intended direction of flow of the premixture through the
strip) the device comprising an elongate supporting body \-)
having thereon a plurality of temperature sensors
comprising discrete thermojunctions which are to serve as
'hot’ junctions and which are electrical-ly connected
alternately in series with one or more further discrete
thermojunctiohs, the, or each of the, latter to serve as
a ’‘cold’ junction, wherein when the device is located in
position with respect to the flamestrip, the ‘hot’
junctions are at different predetermined . distances
downstream of the upstream side of the flamestrip, the
individual ‘hot’. junctions being so dimensioned and
-spaced from each other as to be capable, when in use, of
generating an aggregate outpuf-voltage which changes in
a generally step-like manner as the flamefront of a flame
supported by the flamestrip moves over the. region
occupied by the plurality of the ‘hot’ junctions and
successively across’%hem, with relatively large changes

in the voltage output occurring as the flamefront crosses

each ’hot’ junction and with the voltage output remaining

-



- ’ . . - .
at a relatively constant value as the flanefront noves across the region

bet y&en successive 'hot' ‘junctions, and wherein the Ormﬂmummlﬂm tion
is av a, or a respective, position spaced from alllll t"ﬂ
junctions in the |ongitudinal direction oftThe el ongate”body ‘and upstteam
of the flanestrip; and conducting neans via which voltage out put signals

aim i i ot BoretRELyBTR. BEnataRE warug, dpoRlp cRaRRef ok, aave,

ownt eam i e s FHE 1R nsbabe 4RE0L00EE M2 AR g

evice as clained Tn claln

‘whi ch, when the ctﬂyéﬁiﬁsdr&c%fd é&woswlgmwgﬁﬂcvfaﬁeq tag Qﬁét or a

flamestrip, all of t hot" junctions are tream of the

side of the flanasddpdctive A dsddteice® Wpidds ifraly N t lyE Praeedigt
clainms, in which the or each 'col d' junction is to serve to sense

i ncreased tenper junietigns rbanthé 16ngitadeaali girastionedi! thef llotdate

| i ght back occurring through the flanestrip and in response thereto to
generate a vol t agsodyitznd upstrieanmnofbthe efamestripaiahd cohductihgmmeans 5.
A device as clainmed in any of the preceding clains, in which, when the
device is |ocatedianwhisch i voltagé output signals emanating from the

junctions can be sensed.

o 2. A device as claimed in claim 1, in which, when the device
is located in position with respect to the flamestrip,
one or more of. the ‘hot’ junctions are upstream of the

downstream side of the flamestrip. -

3. A device as claimed in claim 1, in which, when the device
is located in position with respect to the flamestrip,
all of the ‘hot’ junctions are downstream of the

downstream side of the flamestrip.

4. . A device as claimed in any of the preceding claims, in
vhich the or each ’cold’ junction is to serve to sense
increased temperature upstream of the flamestrip, as a
-result of flame lightback occurring througﬁ the
flamestrip and in response thereto to generate a voltage

output which can be sensed via said conducting means.

5. A device as claimed in any of the preceding claims, in

which, when the device ‘is ‘located in position with



9,

—_— '
respect to the flanestrip, any 'hot' junction eam of the downstream -
face of the flanestrip is shielded by a physi CW’ L" ”m di rect li=e
of sight to a source of radiant heat. 6 A de i n any Gg4-
claims 1 to 5, in which physical barrhgg means shi el ds each 'hot’ junction
froma direct line of sight to the or ch other '"hot' junction. 7. A
device as clained in claim5 or 6, in which, when the device is |ocated in
posi tion w t FeEReeEte fthe Lhangrlrin p ankh hat‘cdametign doymstirgam
downst r eam of %he doywnstream face of th fl%nestrii,is,loc tted wwthin a, or
a respective,oF e A0¥RSEHeAR facReofctheo f1gmestyip.is & RYd i n

f claims_ 1 to 7, in which the device.h o f whi ch th
"ot | unct| dhs PAYE AR MREE L0 TZRRI, BATREC | LiNBGORn A BO i whi ch

the device is af -0 r m providing two planar surfaces. 10. A
devi ce as cl a?%ger +naglgla‘$nigﬁéi l%égkl'ch all the junctions are on the sane

pl anar surface. 11. A device as clained in any of clains 1 to 4, in which
t he device includes a hollow cylindrical or prismtic body portion

having &, peiigaeiat asutiaihedCi nMirR) of NE1AHNST 1 08S 8N e i Hidad-
physical barrier means shields each ‘hot’ junction from
a direct 1line of sight to the or each other ‘hot’

junction.

7. A device as claimed in claim 5 or 6, in which, when the
device is 1located in position with respect to the
flamestrip, the or each ‘hot’ junction downstream of the
downstream face of the flamestrip is located within a, or

a respective, recess provided in the device.

8. A device as claimed in any of claims 1 to 7, in which the
device has a planar surface on which the ‘hot’ junctions

are provided. ' ' : u

9, A device as claimed in claim 8, in which the device is of

- flat or planar form providing two planar surfaces.

10. A device as claimed in claim 9, in which all the

junctions are on the same planar surface. -

11. A device as claimed in any of claims 1 to 4, in which the

- device includes a hollow cylindrical or prismatic body



12. A device as claimed in any of the preceding clains, which is i mthe——

—

fornggﬁ a probe as hereinbefore defined. 13. A fully prenj '

bur n@ apparatus conprising a flamestrip through which pwm?mlqylrﬁ ﬁm
fuel gas can pass for conbustion in the v%?yﬂty of the intende @WN m
side of the flanestrip (having regard to tWe intended direction of flow of

I post {1 on with PoEoeer thayihs) | a7 BRFIBRELRL' | shrEaRE THn ity O

in position with Tespec | a evi.ce conpr

el ongat e supporti?gngeggngagﬁgg?fggi§ﬁa_a plurality of tenperature sensors
conprising discrete thernojunctTons Ich are to serve as 'hot' junctions

and which are electrically connected alternately in series with one or nore
further discrete thernojunctions, the, or each of the, latter to serve as a

‘cold' junctipp, mhGeeide ad laimd®lin anyUOE!t@preddd®ing Blaimk [ it
predet erm ned di stances downstream of the upstream side of the flanestrip,
t he individual 'hbs' ipubthéi fosmbefng ppobdenassheprednbadospadedihedm each
other as to be capable, when in use, of generating an aggregate voltage
out put which changes in a generally step-like manner as the flanmefront of a
flame supported by the flanestrip noves over the region occupied by the
plurality ofl3ne Anilly premixed ady/fuedcgas \uxner appandtuyg comprising
relatively large changes in the voltage output occurring

a flamestrip through which premixed air and fuel gas can

pass for combustion in the vicinity of the intended

o/ downstream side of the flamestrip (having regard to the

intended direction of flow of the premixture through the
strip); a thermoelectric sensing device located in
position with respect to the flamestrip, the device
comprising an elongate supporting body having thereon a
plurality of temperature sensors comprising discrete
thermojunctions which are to serve as ‘hot’ junctions and
which are elecfrically connected alternately in series
with one or more further discrete thermojunctions, the,
or each of the, latter to serve as a 'cqld' junction,
wherein the ‘hot’ junétions are at different
predetermined distances downstream of the upsiream side
of the flamestrip, the individual ‘hot’ junctions being
so dimensioned and spaced from each other as to be
capable, when in use, of generating an aggregate voltage
output which changes in a generally step-like manner as
the flamefront of é.flame supported by the flamestrip

moves over thé region occupied by the plurality of the

*hot’ junctions and successively across them, with



.

as the flanmefront crosses each '"hot' junction and_mk%h*thE’VBTFEEE’output s

remaining at a relatively constant value as the fl wngnu ross Fhe
regi on between successive 'hot' junctions, and wh coI
junction is at a, or a respective, g’ i on space all“of the ' hot'
junctions in the longitudinal directi Pof the el ongat e body and upstream

of the flanmestrip, conducting neans via which voltage output si nals
emanating fr&elefdvelycipage changessinsthe 3ﬂﬁt§9§nﬁﬂtﬁ c@§§Pﬁ§ ingans

responsive to the voltage out put SI nal s for controllln redetern1ned
manner both £fn they QW%Fﬁﬁﬂﬁthﬂﬁ 8% r epshs (POt Qﬂﬁﬁiﬁ& v¥itBans via

\rlrmaig(r:lgrt[]ﬁef ;?&’5?%# pg ged and t her,eb C?E%rg a| B%Vﬁqﬁ’ gﬁgggtﬁe%m ned
lame | 0ss 1 YAN0E 2 AR de ) /sew%a %@%%%B%@eﬁ?é@ioﬁ%ﬁéﬁg' “arm
13, in which e Chnﬁse"d aﬁtpeiwg S SwhOr 8IS ANCIRASEcn |

tenperature upstrean1 e f | ahe rIp, as a resu

occurring threiugly ﬁanfck:aesﬁsaé'&t #NGy A 5:’3§B@&%§vbhebSEQtHBnQEﬁSE:é&e a
vol tage output which can be sensed Via said conductlng means, and further

conprising sirgiydl RLLCHTS| BHeMPABL T €5AABEH bAS! Oirf UQ:heVOiéﬂgﬁtﬁaiﬁul
signals emanating fromone or nore of the

direction of the elongate body and upstream of the

flamestrip, conducting means via which voltage output
signals emanating from the junctions can be sensed, and o/
signal processing means responsive to the voltage output
signals for controlling in a predetermined manner both

fan means via which the air is Supplied and gas valve

means via which the fuel gas is supplied and thereby
‘controlling in a predetermined manner the aeration of a

flame supported by the flamestrip, and/or for indicating

flame establishment near the flamestrip, and/or for

indicating flame loss from the flamestrip.

14. A burner apparatus as claimed in claim 13, in which the
or each ‘cold’ junction serves to sense increased
temperature upstream of the flamestrip, as a result of
flame lightback bcéurring through the flamestrip, and in
response thereto to generate a voltage output which can
be sensed via said conducting means, and further
comprising signal éfocessing means responsive to such

‘voltage output signals emanating from one or more of the



5”"cold junctions for indicating flame Ilghtback thrBﬁﬁﬁ‘TﬁE‘++{unﬁﬂqu1

A, urner apparatus as clainmed in clainms 13 -or 14, [y devi ce
|sf edtotheflanestrlp 16. A burner garatus ascmﬂ’li@w’,}y’w
in which the device is fixed to a periphe edge of the*flanes A
burner apparatus as clainmed in claim15, in which the device extends

t hrough the fl anes y n

claim 14, |r1WM|ch&§%a' égpgéingI%% h@ﬁ%ﬁrn a mjﬂé“%h#ﬂ#ﬁéé* %§°8&h
through an apertuﬁﬁelBlhﬁgsgifpestrlp 19. A burner ‘apparatus as clainmed in
claim15 or 16, in which th anestrip at least in part defines one or
nor e openi ngs adj acent or inmedi ately adjacent the outer surface of the
devi ce, such that when the burner is in use the or each opening serves to
support a flage havibigrerr&spirithscds’ J1timbhin clalial Bapper tier, bin
the remai.nder of the flanestrip. 20. A burner apparatus as clained in any
of clainms 13 .to 1l6hich thecHletvlieef Lamfitedp toothe FAamestiyig. f.| anmestrip
zone and a second flanestrip zone with the '"hot' junctions of the device
bei ng arranged so as to sense tenperature emanating froma flame front

of a flanme supported only by the first flanestrip zone.
16. A burner apparatus as claimed in claim 15, in which the

device is fixed to a peripheral edge of the flamestrip.

K~/ ‘ 17. A burner apparatus as claimed in claim 15, in which the

device extends through the flamestrip.

18. A burner apparatus as claimed in claim 13 or claim 14, in
which the device is in the form of a probe which extends

through an aperture in the flamestrip.

19. A burner apparatus as claimed in claim 15 or 16, in which
the flamestrip at least in part defines one or more
.openings adjacent or immediately adjacent the outer
surface of the device, such that when the burner is in
use the or each opening serves to support a flame having
‘a predetermined relationship to that supported by the

remainder of the flamestrip.

20. A burner apparatus as claimed in any of claims 13 to 19,
in which the flamestrip comprises a first flamestrip zone
and a second flamestrip zone with the ‘hot’ junctions of

the device being arranged so as to sense temperature



21. A burner apparatus as clainmed in claim Zom and i
second zones are discrete first and second part’ﬂm\kI 'mum, 22. A ‘,.:’\.
conbi nati on of a thernoelectric sensing device ’m for use‘ﬁ:ﬁh
a fully premixed air/fuel gas burner Sfpar at us, through Whisch*f I ami estri p,
when in use, prem xed air and fuel gas can pass for conbustion in the"
vicinity of the intended downgtream side of the flarrestr:sg and_wherein the.

device is fi %BnBF’-S‘EcGF@B %oﬂc%e fizgntsaf g LiameoAppPported only ¥ e
supporting bggé avi her e% %I urality of tenperature sensors

conpri si ng d8Er &tES h EPoFONGHi ch are to serve as 'hot' junctions
and which are electrical I y connected alternatively in series with one or
nore further discrete thernojunctions, the, or each of the, latter to serve

' d { ts di
Sfeget g?!rln negug ancegggowns rleggm 5't égjtr}gist@'glr#g%g oéjl{’%géﬁln{éhrrgst rip,
the indivi d“girleOt%rrd ue%bﬂas 243l §?ed'di%b§:‘é¥@dfﬁ‘§tsstééeﬁaeacr‘

other as to be capa en in use, generating an aggregate voltage

out put whi chpghgBgeseispeatdeeaial |y step-like manner as the flamefront of a
flame supported by the flanestrlp noves over the region occupied by
the plurality of the '"hot' junctions and successively across 53

22. A combination of a thermoelectric sensing device and a
flamestrip for use in a fully premixed air/fuel gas
burner apparatus, through which flamestrip, when in use, \-)
premixed air and fuel gas can pass for combustion in the
\ricinity of the intended downstream side of the
flamestrip; and wherein the device is fixed or secured to
the flamestrip and comprises an elongate supporting body
having thereon a plurality of '_l:empe_rature sensors
comprising discrete thermojun_ctions which are to serve as
‘hot’ Jjunctions and which are electrically connected
alternatively in series with one or more further discrete
thermojunctions, the, or each of the, latter to serve as \-J
a ’cold’ junction, wherein the ‘hot’ junctions are at
different predetermined distances downstream of the
upstream side of the flamestrip, the individual ‘hot’
junctions being so dimensioned and spaced from each other
as to be capable, when in use, of generating an aggregate
voltage output which changes in a generally step-like
manner as the flaméfront of a flame supported by the
flamestrip 'moves- over the region occupied by the

plurality of the ’hot’ junctions and successively acroés



F
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them wth relatively large changes in the voltage output occurring as
the"Fl@mf ront crosses each 'hot' junction and with t

re ning at a relatively constant value as the flane n mllm LMHMS t he
regi on between successive 'hot' junctionsZnd wherein the dr dach 'tol d'
‘junction is at a, or a respective, position spaced fromall of the 'hot'
‘junctions in the longitudinal _direction of the el ongate body .and upstream
‘of the flanestri ﬂ"heéﬁ'd FelptdvedNndavgs GRaRges o1 dhe d{ﬂlﬁﬁges%"é:

cemanating fromthe junciionsscan be sensed. . 23. A conbination. gs.clained in
claim22, in whi GPTIRFHIS R (Ehe FIARPERaht (fpese] sarbe ' Potlodbuction

I ncreased t enper giy tgeam f ri re t_o I

| i ght back occurring ?ﬁ%g%ﬁ?hﬁéfxesté@\%dkgggggﬁ'ggat%e{l' aav%Fp'aag:re{%&}typut
in response ther ' ecgl%e Y (S5 GRIVULC L q:?% S or
thernoel ectric ?edrggl/%ﬂ@ ev:l%:%eas:u stfa}r}tlaﬁ%;lar&as here}ar‘%g}s%fe es%%#]'t?ggl\
with reference tqdtuldeSsdetds@ive" +hbEY" §anetimhsl0 afti WhersenlineObr
Figures 12 to 14 of the acconpanying draw ngs. .25. Aful 'y prem xed _
air/fuel gas burngicrRPrssEdtSiendeiantisl dty &5 Berai pespeceidescporddiwn h
reference to Figures 1 to 5 and 8, or Figures 1 to 5 and 8 as nodified by
Figures 9 and 10,spucdd gufeéml 8015 @l 8the mdHokied junctions in the

longitudinal direction of the elongate body and upstream
' of the flémestrip, and conducting méans via which voltage
\/ output signals emanating from the Jjunctions can be

sensed.

23. A combination as claimed in claim 22, in which the or
each ‘cold’ junction is to serve to sense increased
temperature upstream of the flamestrip as a result of
flame lightback occurring through the flamestrip and to
generate a voltage output in response thereto which can

be sensed via said conducting means.

24. A thermoelectric sensing device substantially as
hereinbefore described with reference to Figures 1 to 5,
or Figures 9 and 10, or Figure 11, or Figures 12 to 14 of

the accompanying drawings.

25. A fully premixed air/fuel gas burner apparatus
substantially as hereinbefore described with reference to
Figures 1 to 5 and 8, or Figures 1 to 5 and 8 as modified

by Figures 9 and 10, or Figures 1 to 5 and 8 as modified
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54 by Figure 11, or Figures 12 to 15 and 8 of. t he acconpanyi ng draw ngs. ’.;=
26. A conbination of a thernoelectric sensing dev rip =
substantially as hereinbefore described with ref emﬂmmm)ﬂlﬂmnlﬂ to'%j

of the acconpanyi ng draw ngs. 5

by Figure 11, or Figures 12 to 15 and 8 of the

accompanying drawings.

26. A combination of a thermoelectric sensing device and a
flamestrip substantially as hereinbefore described with
reference to Figures 12 to 14 of the accompanying

drawings.



