WO 2010/ 092364PCT/ GB2010/ 050085 - 1- PILOT The present
invention relates to a pilot for igniting a conbustible fluid stream
and to bur W8S i sing such a pilot. Bur ners </ GHIHHISPISE

t he conbustive destruction of noxious substances in a fluid stream
The conbustion can be perfornmed in a conmbusti on chanber by an open

fl ame arrangement or a radiant burning arrangement. In an open
flame burner 50 as shown partially in Figure 6, a fluid stream52 is
introduced through an inlet 54 of a coRBd&tion chamber 56 as a

m xture with a fuel gas 58. The mixture is ignited by a pilot flane
60 of a pilot 62 and burns as an open flanme 64 conbusting the noxi ous
subst ances. The pilot 62 conprises an injection tube 66 having an end
proxi mat e t he ifihepreaht inkentwantiaies tocanpikh &nrideritifeor canftiustdtde Buidgtraarh uel
gas which is ignited by igniter 68 and which in turn ignites the

m Xt ure asahd tol barrefd doRghuisd shéh 4 pidtconbusti on chanber through the

i nl et 54. A nunber of problens exist with the burner 50. The

pilot flame 60 B&nleg%@é@@“atfopmbxoxﬁﬂlesnp@aéstrh&fbnro%hailbusesubgaﬁce@mu ane
64 and therefore burning of the flane is nore readily achieved in the

region ¢l ofidlhelheThl LndtisBnd g;ﬁ%ea% GinBEHbR YR bRy E&P{apehu' 'y

achi eved, at a region renote me. Consequent |

m xture enhg&b arl gw&gggqih&g%u anc%gg%%not be conpletely

conmbusted resulti I'N NOXI 0US s |ng exhausted fromthe
burner. Further, the | i on be of t i is_ t

Cel ati vel y narrBindiean (har brore 4 RenfirbiGel pdiwi ot BHE Botuthist ne
tube in a parr,ow concentr ; S opensi o di.srupt
R e s £ Vet B o oy R R
than one inlet is provided (not shown in Fiqure 6 for instance for
i nt roduci ngs % IThe anisiureda anited Ry AbHet fameHO épﬂot 2and burns as an open

flame 64 combusting the noxious substances. The pilot 62 comprises an injection
tube 66 having an end proximate the inlet of the combustion chamber for introducing
a fuel gas which is ignited by igniter 68 and which in turn ignites the mixture as it is
introduced to the combustion chamber through the inlet 54.

A number of problems exist with the burner 50. The pilot flame 60 is located
at only onc position refative to the flame 64 and thercfore burmning of the flamc is
more readily achieved in the region close to the pilot flame and may not be achieved,
or not fully achieved, at a region remote from the pilot flame. Consequently, mixture
entering the combustion chamber may not be completely combusted resulting in
noxious substances being exhausted from the bumer. Further, the injection tube of
the pilot is typically relatively narrow and therefore the fuel gas is injected through
the tube in a narrow concentrated jet which has a propensity to disrupt the flame 64
causing incomplete combustion of the mixture. If more than one inlet is provided (not

shown in Figure 6), for instance for introducing a fluid stream from more than one



source of noxious substances, a pilot is required for each of the
inlets causing additional expense in addition to the problens

i denti fi edWAFSE92364 In a radi ant burner 70 as showPGTHCRA0SE08T
a conbustion chanber 72 is formed by a surroundi ng porous generally
cylindrical wall 74. Fuel gas 76 is introguced to an outer chanber 78
through inlet 80 and passes through the porous wall 74. A pilot 82
produces a pilot flame 84 for igniting fuel gas at the inner surface
of the wal lsoyeoefumixinys sublsiantess epis iseqyitsdfesaach ofthe oikis @Bsing wei r
arrangenment 88 produces a weir of cold liquid 90 (typically water)
for di ssol aiddigoradgtenscue nddtiof totthepoblebis sdeadfiéd atiode.st r eam and f or
washi ng away particulate matter. The cold liquid also cools fluid
exhaust ed from therddlannigims g0 tah siiowrt in Gagurd®, combastioarhintbaizgposed. A
fluid stream 92 containing at | east one noxi ous substance is

i nt roduced fdriHe@ by a%uﬁmu@tpomb%&mngfcyﬁadﬁdar QLo | PlefhasI igand s

conbusted by contact wth the gases omthe high tenperature

reaction zgp RE &k = I al so
achi eved by ?ﬁgaﬁegt 3%93: |2&3§ﬁg$% %gﬁgﬁgabgﬁ$gﬁted %?%%?gﬁh§

det %:SI "o g8 13%9&%?‘* i Pw‘ée%%imi%uraﬁnger O HbE R #?%ﬁqm%v%ﬂéﬁg‘é@e d
as the o1 8 OEaHE RO Rl ieH Shngioutlo B A Rl it

t enperature reactlon n ssured i.n this re The
ane 86 mayoHGe AU Syt By o B S5iaukte GreRHERSar e 7
which are renpte fromthe |Iot Areas of the wall surface at which a
hi gh t enpefembisEdiRutsieaR afeﬁ%f washing away prtigylpfe dnatialy the celddiaistals e
to dep05|t|n? of particul ates which causes damage to the porous wall.
Further, tBeolpfedicnpaugted fropbe byatn sadhat ¢ aamhe eoprrichthedisnesgdace ol t he
wal | 74 particularly at the Iower part of the wall. Al so, heat is not
refl ected traam Wwentaoohg #ideasberemonioie hubstancetie intradtcsd fnjo dealombhgion
conbustion chanber 72. Consequently, -3 - conplete conbustion of the
fluid streamn@2r AAthrough itdet Ecinll eyv@dnlaked dy worttict with ogpgaetseran tHeusgh on
of the fuel / air mx 76. Additionally, the provision of a single

rel ativel ytchipghanes esagyoncne eSotitat tae sirfzaeef hamwal aragembhiod e dlgat e
porous wall of the burner requiring expensive replacenent. The

present i nygidvie® By Bleti¢htid@ficltis Reh@ited id deflfdidd Mén an 6pRINSLIFAR of kel d
stream the pilot conmprising an inlet for receiving a fuel gas into

the pilot; wqgamsAf@&laﬁt%fﬁef@gh&b@u{lﬁ@e @88 BPdegugsneral Iy annul ar
conduit open along an annular extent by a circunferential aperture

for conveying fygl ulflgf?é'?b % 8m'ﬂu%bc?ﬁﬁ;rﬁ@e@gahr%ﬂﬁé‘@nﬂ@86Hzﬁ& gas

is ignited an annular pil ot ane 1s gen er preterred

and/ or opt k nal oX th 358 def i
acconpanyi ngl égrgfa ﬁ,& cytllndrlcal Snifas tge plpott 3Ne 35 % B&d" a? only one posmon the

high temperature reaction zone 86 ignition is assured in this region. The flame 86
may not burn or may not burn fully at areas of the wall 74 which are remote from the
pilot. Areas of the wall surface at which a high temperature reaction zone is not
maintained may be susceptible to depositing of particulates which causes damage to
the porous wall. Further, the proximity of the cooling column cools the surface of the
wall 74 particularly at the lower part of the wall. Also, heat is not reflected from the

cooling water which further acts to cool the combustion chamber 72. Consequently,



In order that the present invention may be well understood,

enbodi nents thereof, which are given by way of exanple only, will now
be descri b®® ¥R23%f er ence to the acconpanyi ng dr aw nd’qu@/'?FOMS&WP
Figure |l a shows a section through a pilot taken along line 1-1 in

Figure 2; Figure 1 b shows a section throggh a pilot taken along line
J Jin Figure 2; Figure 2 shows an elevation of the pilot indicating
the lines of section I-1 and J-J; Figure 3 shows an open flame burner
conpri si ng cempletsicombusiopvah therfluid grepa 92 mas gph be achievkhe aong withdi al
burner conprising the pilot shown in Figure 1; Figure 5 shows a
further opemofipketecdmbustam of dinpliuelsiagnixivé. giddvionslhothe provisie ol asidgle
Figure 6 shows a prior art open flame burner; Figure 7 shows a prior
art radi al rdativeBrhigh encrgy concentrated flame can damage the delicate porous wall of the
burner requiring expensive replacement.
The present invention provides a pilot for igniting a combustible fluid stream,
the pilot comprising an inlet for receiving a fuel gas into the pilot; means for igniting
the fuel gas; and a generally annular conduit open along an annular extent by a
circumferential aperture for conveying fuel gas from the inlet and so that when the
fuel gas is ignited an annular pilot flame is generated.
Other preferred and/or optional aspects of the invention are defined in the
accompanying claims.
In order that the present invention may be well understood, embodiments
thereof, which are given by way of example only, will now be described with
reference to the accompanying drawings, in which:
Figure 1a shows a section through a pilot taken along line I-I in Figure 2;

Figure 1 b shows a scction through a pilot taken along linc J_J in Figure 2;

Figure 2 shows an elevation of the pilot indicating the lines of section I-I and

J-J;
Figure 3 shows an open flame burner comprising the pilot shown in Figure I;
Figure 4 shows a radial bumer comprising the pilot shown in Figure 1,
Figure 5 shows a further open flame burner comprising the pilot shown in
Figure 1;

Figurc 6 shows a prior art open flamc burner;

Figure 7 shows a prior art radial burner;



-4 - Figures 8 and 9 show a further pilot nmade integrally with

a weir arr f a burner. Referring to Fig Jh
and 2, a p%%ﬁmiog%iﬁ shown for igniting a conbustible ;H’Cﬁ'?(‘bﬁzgﬂvgoégoﬁf
The pilot conprises an inlet 12, which nay conprise a venturi
arrangement, for receiving a fuel gas 14;4¢ncluding a fuel and
air/oxygen mxture, into the pilot. Ignition neans 16, for exanple a
spark igniter or.an ignition electrode, are proyided for igniting the
fuel gas 14. A @H@Pé%f‘?zbéﬁ?m‘ﬁﬁé?lﬁl%ﬂ inpad gntygzalbuith & WEH GUARECHIAUI ar
extent form.ng a circunferential aperture 20. The conduit 18 conveys
fuel gas fPHAP¥HE. inlet to the circunferential aperture. Wen the
fuel gas flowing out of the circunferential aperture 20 is ignited a
cont i nuous annuReferrpigltetiguresrie, ibsand@ne pidetdd is shwival fby/igoiting Ae condui t .
The annul ar conduit as shown is circular, but may be formed of other
shapes suchorabustblsduit greame dhepdbteompribmxagdetal2, whith nliysomegsrad, t he
annul ar conduit conveys fuel gas fromthe inlet through 360 and

al | ows t hevgasr hvarfgement! fod BctRimgiatheltgas 04, tilvadding€fucl dnd r/dxgpéd ed an
annul ar flame is generated. Likew se, the annular flane generated
need not beifthRImENBE elot. bititidtR8d6.06F HQERRWHaseRe ol ¥n feditbhe
shape of the conduit. For exanple, if the conduit is rectangular then
a general | yoERsicatd BoAldef If&’fflgnitiﬁg BE Rl g&se]d_;._ A eneralﬂ;r&ﬁmﬁ%lﬂlﬁt &Sis
shown in Figures la, |b and i s open al ong |§s annul ar extent by the
ci rcunferepti r . aper. 0 o 1

al | ow fuel 0 éél?kf%pd? Ia?)d\./‘lvﬁl?r r%%n% eﬁ%ﬁ%{#&%ﬁg@g@%@}g@ gggﬁ?%ﬁg“é out
its circunferenc h t LS determined in Si t nsur e t hat
an"equal 1 Fowear op g TgBRRE bR sl SIS nttRe 4eb BT BT oo

[ n n.fla%rre..- - . .
generat| ngﬂgwgl% oot gft the <t:1rcum erential ap5e11ure 20 is ignited a continuous annular pilot

flame is generated radially of the conduit.

The annular conduit as shown is circular, but may be formed of other shapes
such as a square, rectangle or hexagonal. In this regard, the annular conduit conveys
fuel gas from the inlet through 360° and allows the gas to flow from the inlet so that
when it is ignited an annular flame is generated. Likewise, the annular flame
gencratcd necd not be ring-shaped, but instcad corresponds gencrally to the shape of
the conduit. For example, if the conduit is rectangular then a generally rectangular
flame is generated.

The conduit as shown in Figures 1a, 1b and 2 is open along its annular extent
by the circumferential aperture 20. The aperture extends through 360° to allow fuel
gas to flow from the conduit approximately equally about its circumference. The

aperture is determined in size to ensure that an equal flow of fuel gas is distributed

around the circumference generating a consistent flame.



The fuel gas typically contains a m xture of fuel such as a

hydr ocar bon and oxygen or air. As shown in Figures 1 and 2, the
conduit 18%Ps0 H’{ﬁ?ﬁy long a radially inner annular exterRCTEGBRMAS08He
circunferential aperture 20 faces radially inwardly. Wen the fuel
gas 14 is ignited by the igniting neans 1§.the annular pilot flame is
generated radially inwardly of the conduit for surrounding a fluid
streamto be ignited., In other arrangenments, the conduit may be open
in an axial dirébe fushgastynicallysontaimea mixturend fial suchicas affudioperbemansr di v,
or out of the page, in Figure 2. Al t hough the pilot flane

gener at ed pxyggneohar only a single igniter 16 is required since once
the flame is ignited in the region of the igniter it readily spreads
around the cir cAsblevenedigircs handd, tetconduiteT8ek op@,, aldipen radinily inner means
16 as shown is disposed at a single location in the circunference of
the pilot amthidrRxidsesoltiiticabrctintréntl aj@asret20 fiRs Mg IS0ty ks
annul ar pilot flane. The pilot flanme may not be fully annular at all

times aftetheifBflighi ONisagnifel By tleaphifhe fgls 1938 mmapgﬂot%nﬂhssgénbm@ded
conpl etely equally about the circunference or the fluid stream may

occasi onal l~a)ﬂ:a¢1§ﬁﬁ»@e9&ﬂy%ﬁ‘tt¥éacfohdlﬂf ot RGrAAGHL 3uld GFEm (SPNRERL. Iﬁ%ﬁr%F aI ' y

in use the PI ot 1s capa of gener ating a contli nuous —annul ar

flane. arr?r{}gt@@lﬂg@nh@&)nﬁ it &%rq%e egenmﬁ%nﬁxm ﬁorpg@ﬁ&s Bk b B efva' s

around the sensin racteristies or the
i he prese fl ow or pressure of

p'|°t’SUCh§e£a S egf iid 2T E
fuel gas. BUcH® EEHERY r% Wa@]fé)éig B8E18%%™a control for the pil ot
whi ch may bec ct d%toafuel {ve or the igniting
means. B S ey o G et Brer St A B | b and 2
conprises a pI enum chanber 22 for receiving fuel gas fromt he i nlet
14 and a clslbikercsprathe damg isigniscd lﬂé"reféﬁa%ﬁ%‘lh'? a&wgeﬁr it Eadigaspreadeym t he
pl enum chanber to the circunferential aperture 20 -6 - for formng
t he conti nyousd taaucumieisneant the pilps. Thercigee thefignipremesns d hasewndg
distributes the fuel gas generally equally around the annul ar extent
of the condispased & aingmloedfivalin heessumbrance oftht piMiend igwictigukes the
continuous annular pilot flanme buns generally evenly at approxinmately
t he sane i fikkgsitd forartbe sinfieual antulirpéloafinnd. afhepibefiimofiad het bedltiui t .
Thi s arrangenent pronotes the generation of a pilot flame which is
annul ar anghnuRbsKlgmes after ignition as the flow of fuel gas may not be distributed

completely equally about the circumference or the fluid stream may occasionally

cxtinguish part of the annular flame. However, gencrally in usc the pilot is capable of

generating a continuous annular pilot flame,

Monitoring or sensing means may be placed at intervals around the pilot for

monitoring or sensing characteristics of the pilot, such as the presence of a flame, or

the flow or pressure of fuel gas. Such sensing means may feed back to a control for

the pilot which may be connected to a fuel gas supply valve or the igniting means.

The generally annular conduit 18 in Figures 1a, 1b and 2 comprises a plenum

chamber 22 for receiving fuel gas from the inlet 14 and a circumferential channel 24

for channelling fuel gas from the plenum chamber to the circumferential aperture 20



The pressure of gas in the conduit 18 may be greatest in the region
proximate the inlet 12. Accordingly, the anpunt of gas exiting the
ci rcunf er eMAZIV/NE®#t ure 20 nmay be greatest near the i nPEHGRHE/MSe
the annular flane may be | argest near the inlet 12. The pl enum
chanber arrangenment as described above segves to distribute the gas
equal ly around the conduit. Additionally it will be seen that inlet
12 is not aligned with channel portion 24. Instead gas entering

t hr ough t héorfatming thegontinuous aninukg pottfnteu dugsephe plepurn ohanler 8Xi t i ng
the pilot through the circunferential aperture. In this way, the
surface of dishéups erufiveldas gbreraliymgos hohrdwndttheannnlag extan d £ tHee ondapers
surface of the baffle as shown in Figures la and | b act as baffles to

the flow oht dnuejualg@sssure so that When ighitat theedhtigokauheedilot Asmabams al | i c
material in a single piece or two or nore pieces which are

subsequent k¥nerdi}ededld aeippedximdtos tﬁ@@ﬂfﬁhteﬂ%tah@ Biz& Fhou the RhMAr eQQ:'h% i on
of the pilot which is in contact wwth or cl osely adjacent to the

pi l ot flamgsmgByndi@. TRLRAnidnint ﬁro%?és tlQ:r chb: @i 6&3{.&? Ahe Wﬁfcﬁr% al,
such as a ceramc material or a metal suc as st ess stee
preferabl e t 0180k ot @l surface in contact with the pil ot fIarre
since this nmay genera?e undesi rabl e nitrogen oxi de conpounds.

I n use, fuel ntr duce t.h ond it 2 conve ed. ar ound
t he conduit soaﬂﬁ re%Sflre ﬁ% "o W%Od]fjmiilg 83?38 Fﬁ‘%ﬂ?rf?glg? 'E%El’?att%re
20. When t fllolvxt rough, gﬂgea ertuels .es abllsh nIW%IOI’l
means 16 i §i5iEes cepid, 33@ opnt of a8 sYiting CHC‘HP Bﬁ‘tn“iil a& Pch
ext ends radi aIIy inwardly fromthe aperture and in a genera

annul ar COW@yng@pﬁegﬁlearﬁ ginlegppd s%ncme&amf %ﬂa%aﬁéegmeﬁtdﬁ ¥ to
the conduit and the size of the aperture are selected to reduce the
possi bi | i t {plesf2f Theplepye khamhes aptngepeefs desshbetabovoservasro disirdbuiedbyar d,
the flame speed should be less than forward velocity of the fuel gas.
The fl ane spequallysaroihd thpeomduia Alidiengblystseidl teacdn thavialedk? ket diguedce
fuel and oxidant. The forward velocity is the speed at which gas is
conveyed t witbagmnelhertagmed4t Uneeddrpasemeniey thfoigh thadilal tiyst flowailahg a
direction and should be greater in velocity than the flame speed. As
the gas mi wttusies gacepies td Hetigphe plstehrough vk birosperadalapérnlé.am thiske) ,

t hereby reducing the forward velocity. The anchor region at which the

forward vekagithdsubfeRdahd piadEn SRR bSpoSaIs AR hﬁﬁ thegppcP QPR of he
exit of the aperture. If the material fromwhich the main portions of

the pilot s pamdes gl%ovmamhédrgs 1a/dn@ T8 2163 batito tHé)fltr)%%f‘ ol pRde for

i nstance of ceram c, di sposed 1 n the region e aperture
20. The i o)

pilot plate 11ng¢ ]0{ a¥ gg@?ﬂglr:&]\?\n{) {ﬁh %&g@gyﬁ nQVmad d&‘% 1e3Si {{r t%“g\gfat e
117 forns i

](CZI r cgm‘ er enEgaf{% 4;5%‘& uf en;gl Sr;flwglyf f SR e@&h?‘?r ?066 Ofﬁ]‘g%gﬂ%y be
121
o pl acecPaion ghtes Bl SR e PReL S}fﬁaﬁc SRt & PR e o st

pilot plate éjr om econd pi |l ot Iate The_ spacers_ensure that the
channel pol?et Bhe &Oraﬁie%ﬁqré‘awreé?%ﬁtﬁnf mateaﬂefwb@éaﬂqa@r@n#rzwra
correctly and uniformly around the pilot. nition nmeans 16 which in
thi s exanphetal sgciyps ‘it@}ﬂ%ﬁ shel. elté%:ﬁfﬁ%@éleéﬁﬁ@i 8 metal swrdse itheonieal withf t he
first pilot plate and is nmade gas tight by neans of a swageing
system Thige pistiflaimsrinst 86t mey gerexttentissiiabtemitrbgen eixide wofnpowens. al
aperture to provide an ignition source when the fuel gas is flow ng
In use, fuel gas is introduced to the conduit 22 and conveyed around the

conduit so that it can flow out of the circumferential aperturc 20. When the flow

through the aperture is established the ignition means 16 ignites the fuel gas



-8 - through the aperture. Inlet 12 is formed in the first pilot
plate 116 which nay be sealed with a Swagel ok conponent.

open f | anmeWOAHEP2$4 conprising pilot 10 is shown partlﬁﬂﬂ@ﬁnoﬁumﬁare
3. The pilot 10 is not shown in detail in Figure 3 for sinplicity.

A fluid stream 29 is introduced through am_inlet 31 of the conbustion
chanber 33 as a mxture with a fuel gas 35. The m xture is ignited by
a pilot flane 37 of the pilot 10 and burns as an open flanme 39
conbust i ng setrEting rwles flambwhish catsndsapdinlbuighvausiiy from tisesrierteterandiired
portion of the flane 37 is shown in Figure 3, the pilot flame 37 is
annul ar angecidrdlyefonler ufigoutics Theeatklativbick fuck gas isdrofluel tgthe m xture
as it enters the conbustion chanber 33 through the inlet 31. The term
"hori zont akopluitahd tiRSize9€ chchPe@ird ateSclested td 1edete sitd pdadbilifeo faTaklaBgRMENt
shown in that the pilot extends generally perpendicularly to the

direction @fio fHeQ¥nah GasBs 2NULHING iﬂaeth@ﬂalﬂsgpeewmhd de BssRigmner is
upright as shown and in this case tﬁe pi | is generally horizontal.

Accor di ngl YoerIkaleve!Hcﬁgr HE fhe 'f§el GxP Gﬁﬁqha% IC)&% iP lﬂe%eeﬁla"ﬁ%el ALLEBldy from
all sides ensuring relatively conplete conbustion of the m xture.

This arran 'E'?Jktﬂtsﬁsgaﬁ% %F&ﬁoﬁ%ﬁ{ r@ﬁe%%ﬁ'%@%’ ﬁf is %@%Pgar Saf(? nRhloas is

descri bed a ove ortion o ream

st e L S5y STE L B et e

therefore a_distribute ner . anme the .fuel gas _ flow n hr ough
the apert ua@aﬁb&veﬁ) 1 e e S o e roRber s fhe 4R it il
Referring to Figure 4, .a ra bur ner conprising pilot 10, is
shown for ﬁl@ﬁ%ﬁ%fa%%)o@%fegwéy%%% f?lP"@Fﬁ veleqity; Bheanchorgegion atThe

burner 26 conprises a conbustion region in which a fuel gas can be
burnt for Hb%@%ﬁt forgprd Nelosisiqagals flemaapect s conssqugnibnivgebryard ipexit of
conmbustion region is formed by a chanber 30 surrounded by a generally
cyl i ndri cathewp¢rturgaf th¥iveatanial fro@2vliigh the mainsparidona lof thw ppassis agde of  f uel
9as metallic, flame resistant portions, made for instance of ceramic, may be disposed in

the region of the aperture 20.

The pilot is formed in this example by a first, or lower, pilot plate 116, which

together with a second, or upper, pilot plate 117 forms the plenum chamber 22, the

channcl portion 22 and circumferential aperture 20. The first and sccond pilot plates

may be fixed together by any suitable means such as by bolts. Spacers 121 are placed

at intervals around the pilot plate for spacing the first pilot plate from the second pilot

plate. The spacers ensure that the channel portion 24 and circumferential aperture 20

are sized correctly and uniformly around the pilot. Ignition means 16 which in this

example is an ignition electrode extends through the wall of the first pilot plate and is

made gas tight by means of a swageing system. The ignition electrode extends into

the circumferential aperture to provide an ignition source when the fucl gas is flowing



-9 - through it into the conmbustion chanber for burning on the inner
surface of the wall. Fuel gas 34 is introduced to an outer chanber 36
t hr ough i NV 208923 passes through the wall 32. The waRGT/GRRPIFSPIBS a
right circular cylinder, elliptic cylinder, parabolic cylinder, or
hyperbolic cylinder such that the wall fogos a surface on which fuel
gas 34 can burn radiating hear radially inwardly and conbusting the
fluid stream It will also be understood that the pilot 10 is | ocated
away from thieughghe apsrturgedalet b is foreet it the firsitpéeieplaip d tewhish magibeed.

A weir arrangenment 44 produces a weir of cold liquid 46 (typically
wat er) for selilsbwitlvi Bgagadeistontpoeeitts of the conbusted fluid stream and
for washing away particulate nmatter. The cold liquid also cools fluid
exhaust ed from thepluflaes bwoctt Iadomiptisieg pildel 0doshoami parially idFigpesed.
The pilot 10 is shown in sinplified formin Figure 4 and is |ocated
bel ow the wat bilgd2 0a9sbtiRsWERNctden COMBLE for ginptibRyber 30 and the weir
arrangenent 44. In use the pilot 10 generates an annul ar flame 40

al though only assmfid stfdamC i@fntr%@ﬁéeh@lﬁo@%h AMhRD3 1 S RO Mo e, 4-
The pilot flame 40 ignites fuel gas at the inner surface of the wall

produci ng 36l ?%%-wi&%&l{%&@i?*fﬁ@ﬁf&nﬁ@ isclggﬁ@ e aﬂﬂ%ﬁ%%%?? g%t(ﬁge

noxi ous substance Is Iintro ed into the coffbustro

hrough i ' | |
sone 33 e ek 3 SETRITAS YR ATt o e SRGBLE"
| ocat ed us annul ar

and the goRtr ey B apt Bl et (8 RS Bea R et sl RS &
e gener AP HGHTEAP RIS (8 OBLTBFIIEES BAC 63 gHIe Sl ar 4e7 | ame
at the surface maintained. As the annular pilot flanme 40 ensures that
the full cFebHsHie ermbsr 3:thrqugh theriniehdl . | Birdernp diorizerial pilof’rss upgdane 42
is -10 - ignited and nai ntained alight, conbustion of the fuel gas
34 over t hbereilis used fredesgificf the errayzemipre sheayn inJpatitee pitet exsersls generally
perpendicularly to the direction of flow of gases entering the burner. Usually a burner
is upright as shown and in this case the pilot is generally horizontal. Accordingly, the
mixture is exposed to the pilot flame laterally from all sides ensuring relatively
complete combustion of the mixture. This arrangement constitutes an improvement
over the prior art described above in which only the portion of the fluid stream
proximate the pilot flame is consistently burnt. Additionally, as the circumferential
aperture 20 is relatively large and the flame is therefore a distributed low energy
flame the fuel gas flowing through the aperture does not significantly disrupt the main
flame 39. Referring to Figure 4, a radial burner 26, comprising pilot 10, is shown for
removing noxious substances from a fluid stream 28. The burner 26 comprises a
combustion region in which a fuel gas can be burnt for combusting the fluid stream.

In this arrangement the combustion region is formed by a chamber 30 surrounded by a

generally cylindrical wail 32. The wall 32 is porous to allow passage of fuel gas



Additionally, the pilot 10 is |located so that when ignited the

continuous_annul ar pilot flame 40 thermally insulates the base of the
mai n combu¥PAVYREEEi on zone 42 fromchilling ef fect gdifdfeRAHY5Y8F he
relatively cold liquid 46 passing over the weir arrangenent.
Accordingly, heat is nore efficiently gengrated at the base of the
reaction zone 42, thereby inproving the em ssions fromthe conbustor
at the base nearest the weir, for exanple carbon nonoxi de and

hydr ocar boewghsis inghidie cexrpyssion ghagiber for swaing antbe inpprrsyviaeesritheosalbr ved
in testing the enbodi nent of the invention. Table 1 Conditions
Resi dual oXygleas Shshiorodvorioriad ouex eharider 3 thaough siend® and pEEsepthwugh 5. 2%
196 ppm the wall 32. The wall may form a right circular cylinder, elliptic cylinder, parabolic
cylinder, or hyperbolic cylinder such that the wall forms a surface on which fuel gas
34 can burn radiating hear radially inwardly and combusting the fluid stream. It will
also be understood that the pilot 10 is located away from the top, or head, of the
burner where space is limited.

A weir arrangement 44 produces a weir of cold liquid 46 (typically water) for
dissolving constituents of the combusted fluid stream and for washing away
particulate matter. The cold liquid also cools fluid exhausted from the bumer so that
it can be conveniently disposed.

The pilot 10 is shown in simplified form in Figure 4 and is located below the
wall 32 and between the combustion chamber 30 and the weir arrangement 44. In use
the pilot 10 generates an annular flame 40 although only a semi-circular portion of
which is shown in Figure 4. The pilot flame 40 ignites fuel gas at the inner surface of
the wall producing a flame 42. The fluid strcam 28 containing at lcast onc noxious
substance is introduced into the combustion chamber 30 through inlet 48 and is
combusted by contact with the hot reaction zone 42 near the surface of the wall 74,

The pilot 10 is located so that when ignited the continuous annular pilot flame
40 and the generally cylindrical wall 32 are adjacent along their respective annular
extents such that the fuel gas 34 passing through the generally cylindrical wall can be

efficiently ignited and a flame at the surface maintained. As the annular pilot flame

40 ensures that the full circumferential extent of the lower portion of the flame 42 is



0. 34% Enbodi nent shown in Figure 4 with horizontal pilot 5.0% 100 ppm
0.17% The i nprovenment is due to a nunbers of aspects of the
enmbodi ment WOR8H/8%34%pl e, heating the base of the radi afCTHeB2AEYOSHER
i mproves the conbustion at the base.

210 -

ignited and maintained alight, combustion of the fuel gas 34 over the full inner
surface of the wall 32 is increased.

Additionally, the pilot 10 is located so that when ignited the continuous
annular pilot flame 40 thermally insulates the base of the main combustor reaction
zone 42 from chilling effect generated by the relatively cold liquid 46 passing over the
weir arrangement. Accordingly, heat is more efficiently generated at the base of the
reaction zone 42, thereby improving the emissions from the combustor at the base
nearest the weir, for example carbon monoxide and hydrocarbon emissions (CxHy).
Table 1 shows the improvement observed in testing the embodiment of the invention.

Table 1

Conditions Residual oxygen | Carbon monoxide | CxHy
Prior Art shown in 52% 196 ppm 0.34%
Figure 7
Embodiment shownin | 5.0% 100 ppm 0.17%
Figure 4 with

horizontal pilot

The improvement is due to a numbers of aspects of the embodiment. For
example, heating the base of the radiant burner pad improves the combustion at the
base.

Powders tend to form at the base of the combustor due to reduced temperature
of the combustor pad 32 / reaction zone at the base. The provision of a horizontal
pilot thermally insulates the base of the pad increasing efficiency of the pad allowing
it to sustain hotter temperatures. Additionally, the horizontal pilot decreases the
propensity for powder to adhere to the delicate porous structure of the pad 32, The
problem of powder deposition still occurs but in the embodiment it occurs

downstream of the pad 32. However, the pilot plates are relatively robust and the



Powders tend to format the base of the conbustor due to reduced

t enper at ur conbustor pad 32 / reaction zone at _..The
provi si on glfoqgm%dg?sl(’gont al pilot thermally insul ates theﬁéglzggﬁi‘?(b{]%g
pad i ncreasing efficiency of the pad allowing it to sustain hotter
tenperatures. Additionally, the horizontall -pil ot decreases the
propensity for powder to adhere to the delicate porous structure of

the pad 32., The. praobl em of powder deposjition stilJl occurs but in the
etbod ment CPROSTER GF BOHRRAL EIRcHlR Broof ST 83 B HsAERGRDIE b ol

pl ates are relatively robust and the deposition of powder on the
pilot is n&ydeshidesdicaghiehds gasily rangied ﬁygﬁlll"@ﬂitmﬂﬂé’féltﬂ suefacerpfyha ncl ude
silica which is easily renoved b Iight agitation of the surface of
the pilot Biotdwrpmesesead aiar vaterifawer Feithonghe mlat etrebe cieaned py weshingan be
cl eaned by washing with water in an in situ cleaning nethod

(descri bedwiith wabaren greinaith cleehiogymetitod] (desérded i moteodcFilhstas wghand 9)
Advant ageously, the pilot 10 provides a | ow energy distributed flanme
sur f ace whrdtreiraso Fesses@ranp®nsity to danage the delicate porous wal l
32. Al t hough not depicted, the radial burner shown in Figure 4
can be used in govddtagasush thaipilbt 1 Erovides s folvaiiereh Wishetiut &M duffadd gur e
3 for conbusting certain types of noxious substances in the fluid

stream | Nwhith $adleEARERIEIRS to dafifgd Mk AL1RSIFARAWMAf32t he conbusti on
chanber 30 shown insafgi gurgt4 IS %dapt ed for introducing the fluid

stream and a fug,f@s Xt S d j negl.on.-as
shown in W)2006/(513 Sélgﬁ] wgeéfh%hgrﬁdl@%&%@ﬁﬁg{g@gﬁ@ li%ﬁjégd:‘blorat ed

by referengg ilh gt t i : L gnit by. the f.lame 42
formed at t(ﬁ%bls u{r?)lll ar{\]/cl e t(%% SIE%eﬂaéte%ﬁJé}rr% g@o“&a} ﬂlﬁn@ 3 % gclg‘%r C\ﬁg'lb Péfﬁic%rﬁan? S
itself ignjted ilot 10 at Lhe base of the cylindrical. wall.
Al ternati vérpf/s Of?nﬁ)é OBt Tut(%’ts‘(aliﬁs i“%ﬁlf; g@ﬁf@ﬁ“ﬂ‘eh@&ﬁ%ﬂ@%}’&%ﬂ ®hnd the
inlet (at the to f the wall as s in Figure. 4) for _igniting both
the i xt ur et R pabudia cofiber dEA Ry B L iin sl o Sl ||
Figure 5 shows. a nodification of the open flanme burner shown in
Figure 3. tR&VSLRER and e fugl gip as gungturginta Beermbistiopseenes shayst Bnces
froma plurali tépOf fluid streams 47, for instance, froma respective
plurality BOXRHPITSA dhectontenis evhiqhrase kasdiyrincarprintoe by ref@gnqseTha 5
conprises an inlet 41, 43 for each fluid stream 47. Al though only two
inl ets ar emgiwant thhaldgganbe ignigd othp fleme 42rfreed biathe swifece nf thes. The
inlets 41,43 introduce the plurality of fluid streans 47 and fuel gas
49 as - 12generally cylindrical wall which is itself ignited by pilot 10 at the base of the

cylindrical wall. Alternativcly, the pilot 10 is located between the wall 32 and the

inlet (at the top of the wall as shown in Figure 4) for igniting both the mixture at the

inlet and the fuel gas at the surface of the wall.

Figure 5 shows a modification of the open flame burner shown in Figure 3.

The burner 45 is suitable for removing noxious substances from a plurality of fluid

streams 47, for instance, from a respective plurality of semi-conductor wafer

processing chambers. Burner 45 comprises an inlet 41, 43 for each fluid stream 47.

Although only two inlets arc shown the burner may comprisc more than two inlets.

The inlets 41, 43 introduce the plurality of fluid streams 47 and fuel gas 49 as



respective mxtures into the conmbustion chanber 33. The pilot 10 is

| ocated so_t hat when ignited the continuous annular pilot flanme 37
surrounds WOXWEES% o be burned so that all of the m xtRfFTESBOAHIFESS
ignited by a single pilot. Typically, cleaning of the pilot 10
requi res renoval of the burner arrangenent) 26 and this renoval is

| abour intensive and results in significant tool downtine.

However, in-situ cleaning of the pilot plate can be performed

Cl eani ng i $eSpeqtive pREHrep ntp thesomguioa sbamber 88 Thapitpt 18 irclhcaed sethdr or
air, through inlet 12 of the pilot, through the plenum chanber and
out of t he whin tanitt@ihe gontaiuoapentlar pil@ Glamady anragdo mettyres to eebuftedi d i s
aliquid, as aliquid falls under gravity renoving particulates from
t he out er wathat df oftthemiowes caoidcagnifel &b @ sinkte pilot. Further, the pil ot
plate 10 may be integrated with the weir 44. As shown in Figures 8
and 9, a passag@®yfiddly| desmadMmedpigldegmirtNHemplAlQF tHRIbakR: PirapemeH05
and the weir volune 107. A bung 106 is noveable froma first position

i n whi ch i be BhPGlsSehbeal RAGSAS tidnkR e A04 rQuSen AiRARI15d1 ABwhitmuhi ch the
passage i s open. Wen the passage is open, water injected through

inlet 12 of thepgybRk, if3f {;l'e&ﬁ%% Bt e Hi‘cg éalPaité &h bgl,?g‘q%\,(%oﬁl]%ﬂglﬁqyt

through the circunterential aperture runni efitirety
of the out I . Ri I t eAOVi 0l
resi due byﬁ%ﬁdé@le%g E‘él?llgﬁg ﬁgem 515?& b@?s@gﬁ\%gﬁé?[z%c g anugﬁ]g If%rﬂzlccheﬂéeni ng
the water s switched off and the ple chanmber allowed tgo drain.
Once drai ng%?t’ WHOé'gﬁﬁWdﬁ%gl ﬁ%gﬁﬁeﬁapag%%@&u"%{gﬁﬁ FE)etrmfesébdri ed by
bl owi ng air ,through the inlet. Onge dry,  t pilot can be jgnited. It
o D1 Do apBREgTaEeaE e THHE b gtdcs ibid Aluliora=rin sPoungl ean ng
is nore efficient and | ess tinme intensive than disassenbling the
burner, di BEHFHEES ey theaquis el sedower pilohplats HAe pil ot and
subsequently re-assenbling the burner and reconnecting the pipes.
Further, in-sitiurteeshfnigt pletuldasax beanisertadbtithi thy weir 4¢ hds symainor -
13 - coming into contact with potentially dangerous conbustion
bypr oduct sFigiwess 8xndiBsa prssage 4 Ehisanashinad bi8wpenthe 8etp)ate plenum 105 and
Accordingly, a nethod of cleaning pilot 10 in situ in a burner
conpri ses: thdivedronhent 1079 Aabe@uiné és mbvdatile!frobr o firsaposititndh whichtihigogs! ot ;
connecting a source of cleaning fluid to the inlet; and cleaning the
pil ot W t hthe phgdaded URdAnd a second position in which the passage is open. When the

passage is open, water injected through inlet 12 of the pilot can flow into the pilot

plenum 105 and out through the circumferential aperture 109, running down the

entirety of the outer wall of the lower pilot plate 102, removing solid residue by

physical and chemical (dissolving) action. After cleaning the water is switched off

and the plenum chamber allowed to drain. Once drained, the bung 106 is then

reengaged. The pilot is dried by blowing air through the inlet. Onee dry, the pilot can

be ignited. It will be appreciated that the process described for in-situ cleaning is

more efficient and less time intensive than disassembling the burner, disconnecting

various pipes, clcaning the pilot and subscquently re-assembling the burner and re-

connecting the pipes. Further, in-situ cleaning reduces the possibility of the operator



- 14 - CLAIMS 1. Apilot for igniting a conbustible fluid stream the
pil ot conpyri si an inlet for receiving a fuel gas into the pilot:
neans for P@H@Pﬁ%@“fhe fuel gas: and a general |y annul 2FCTORELYq50085
conprising a plenum chanber extending through 360 degrees for
conveying fuel gas fromthe inlet to a radi-ally inwardly facing
circunferential aperture fornmed al ong an annul ar extent of the
conduit, the inlet being msaligned wwth the circunferential aperture
for distril5ominggntp &é!‘taﬁjéf@thtﬂ?ft@ﬁg]lly dogerauyrarystinn by pisivets drioyidetell
pressure about the annular conduit so that when the fuel gas is
ignited a dgevarcain AsHprpesseshnd conti nuous annul ar pilot flane is
generated radially inwardly of the conduit. 2. Apilot as clained in
claim 1, wherei Actredinglyj 2 mothodreficlsanirgyplot $& & stuspablrnbgeompeiscs: 3. A
pilot as claimed in claim or claim?2, wherein the ignition neans
conpri ses dissonmgétigiagoiice bf Avdfrdm ah ditetit@ et palst; chgnebtitg] 2 @ageetod form
the continuous annular pilot flane. 4. A pilot as clained in any
precedi ng @le@diﬂ% flivdes BieAnltd enda8i thy pBdiReihdhidFandUi t conprises a

pl enum chanber for receiving fuel gas ?ron1the inlet and a
circunferential channel for channelling fuel gas fromthe plenum
chanber for form ng the continuous annular pilot flane. 5. A pilot
as claimed in claim4, wherein in use the plenum chanber distributes
the fuel gas at a generally equal pressure around the annul ar extent
of the conduit so that when ignited the continuous annul ar pil ot
flame burns generally evenly about the annular extent of the of the
condui t.



6. A burner for renoving noxious substances froma fluid stream the
burner conprising: a conbustion region in which a fuel gas can be
burnt for conbusting the fluid streanm,,and a pilot as clained in of
claims 1 to5 for igniting the fuel gas'in the conbustion chanber. 7.
A bur ner 21 imed in claim®6, wherein the conbustion region is

f or med nber having a surroundi ng generally cylindrical wall
for introducing therethrough into the conbustion chanber a fuel gas

for burning on a surface of said wall when ignited by the pilot so
that a fluhPlddRrdEniipga sombystible Huightisemn othe RUGHSFEMPE PG Meinksd fayueceldng 2 -
15 - 8. 161 AR i ' ' ' cat ed
so that LRehs IEC HEDICY AR ol RnfinB e fhel Mo kR Rk ARl Lbgh?

adj acentcoaipoisigs Riptsnnny chepbertaxteadiag fubegh I0tdegress uoimveying fitehgasfiront

gas passik h | | n.be efficiently ignited and a .flane
ot he” PRI SR A R L S e et S
conpr i siafgheconeiit, tier inRObENEMisaeRt WitnkeciemmistitRamahrd fedisemhtsd | on
chanber égr rgjgeqigséi 38 the conmbusted fuel stream wherein the pilot is
| ocat ed 8¢ &2hBrougheRY degreala eensrallirgnal prossyre sbqut ﬁﬁé‘n'i‘ll{@fr%‘[lql{/)so that
i nsul at aghdniRe BONEE & iitehd deREHallF dkifoMl dnd b RMLbE Ahbidehilot @Rind id | qui d
passing over the weir arrangenment. 10. A burner as clainmed in any of
cl ai s @e{l@a@?f@éﬁlwl’é‘@#ﬁhﬂfgmoﬂ@gton conprising an inlet upstream of
t he conbustion chanber for introducing the fluid streamand a fuel
gas as a mxture into the conbustion region. 11. A burner as cl ai ned
i n cl ai A dpilohkseddmad satleimti whereiathiesgnition meahsabmpased aispdrie fgniitgr. t he
flame formed at the surface of the generally cylindrical wall.

3. A pilot as claimed in claiml or claim 2, wherein the ignition means comprises a single

igniter and in use ignites the fuel gas to form the continuous annular pilot flame.

4. A pilot as claimed in any preceding claim, wherein the generally annular conduit
comprises a plenum chamber for receiving fuel gas from the inlet and a circumferential
channel for channelling fuel gas from the plenum chamber for forming the continuous

annular pilot flame.

3. A pilot as claimed in claim 4, wherein in use the plenum chamber distributes the fuel gas at
a generally equal pressure around the annular extent of the conduit so that when ignited the
continuous annular pilot flame burns generally evenly about the anmular extent of the of the

conduit.

6. A burner for removing noxious substances from a fluid stream, the burner comprising: a
combustion region in which a fuel gas can be burnt for combusting the fluid stream; and a

pilot as claimed in of claims 1 to5 for igniting the fuel gas in the combustion chamber.

7. A burner as claimed in claim 6, wherein the combustion region is formed by a chamber
having a surrounding generally ¢ylindrical wall for introducing therethrough into the
combustion chamber a fuel gas for burning on a surface of said wall when ignited by the pilot

so that a fluid stream passing through said chamber can be combusted.



12. A burner as clained in claim11l, wherein said pilot is |ocated
bet ween the generally cylindrical wall and the inlet for igniting

m xture at the inlet and the fuel gas gt the surface of the generally
cylindrical wall. 13. A burner as crdited in claim 6, wherein said
combusti on regi on co ises an jnlet upstreamof the conbustion
chanber é)'dxrtr"?rﬂ?rra&&@@ nickim/) Whereinthegdipt sylacatedsgdnat ydien sgmited Bext ur e
I nt ot henGERDHR: fRMe 28BS RN &BIEnRId R thiSrebRe At EAmERr thaks Wag hat

i gnited the annul ar eSi | ot fl ane%r?our?%lsltlhree'%%xt ure tf) )ge T)ur ne(?.
14. A bubpérel gas pesstigthooughthelvenllroan be effilsiently fgndethind asflamee o thsl surfade t y

of inletg.;tRithe conmbustion chanber for introducing a plurality of
fluid streans and fuel gas as respective nmixtures into the conbustion
chanber and said pilot is located so that when ignited the annul ar
pilot fl surrounds .mi xtures to be burned so that all of the

i xt ur o< oo o5 gAimeddn GipTe & pmarieie 2 welaraRatRAnh oS igoed fay RRge 47
cl ai m 9 B cobbustidr chafbe foRraREVink @it @inbhited MRI dtreli! BRGEINBRAY pilc? is located
integral with the pilot and wherein the pilot conprises a closeable
passage SRithat Whehigaitehtan annulargilot ﬂmeethewﬁa insylaggs dhergenerally pylivdrieal sl

thr OUQh_ﬁdﬁ?re%ﬁél?%ld@ﬁgiﬂ’a%iné B WRIveir ARG 0HER cl osed the pilot can
form said annul ar fl ane.
10. A burner as claimed in any of claims 6 to 9, said combustion region comprising an inlet
upstream of the combustion chamber for introducing the fluid stream and a fuel gas as a

mixture into the combustion region.

1. A burner as claimed in claim 10, wherein said mixture is ignited at said inlet by the flame

formed at the surface of the generally cylindrical wall.

12. A burner as claimed in claim 11, wherein said pilot is located between the generally
cylindrical wall and the inlet for igniting mixture at the inlet and the fuel gas at the surface of

the generally cylindrical wall.

13. A burner as claimed in claim 6, wherein said combustion region comprises an inlet
upstream of the combustion chamber for introducing the fluid stream and a fuel gas as a
mixture into the combustion region and said pilot is located so that when ignited the annular

pilot flame surrounds the mixture to be burned.

14. A burner as claimed in claim 12, wherein comprising a plurality of inlets to the
combustion chamber for introducing a plurality of fluid streams and fuel gas as respective
mixtures into the combustion chamber and said pilot is located so that when ignited the
annular pilot flame surrounds mixtures to be burmed so that all of the mixtures can be ignited

by said pilot.

15. A bumer as claimed in claim 9 or 10, in which a portion of the weir arrangement is

integral with the pilot and wherein the pilot comprises a closeable passage which when open
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water used to clean the pilot flows through the passage and over the weir, and when closed

the pilot can form said annular flame.



