WO 2010/ 092364PCT/ GB2010/ 050085 - 1- PILOT The present invention
relates to a pilot for igniting a conbustible fluid streamand to burners
conpri si ngoumim9asepi | ot . Burners are known for thectwBoalisvEss
destruction of noxious substances in a fluid stream The conbustion can be
performed in a conbustion chanber by an Oﬁgn flame arrangenent or a radi ant
bur ni ng arrangenent. In an open flame burner 50 as shown partially in
Figure 6, a fluid stream52 is introduced through an inlet 54 of a
conbustion chanber 56 as a mixture wtpygyfuel gas 58. The mixture is
ignited by a pilot flame 60 of a pilot g? and burns as an open flanme 64
conbusting the noxi ous substances. The pilot 62 conprises an injection tube
66 having an end proxinmate the inlet of the conmbustion chanber for
introducing a fuel gas which is ignited hy igniter 68 and which in turn

i gnites the ni XDYPESHY ipventian rehateiguadulet {Q igHENE B rombEStHE dpdrieamt hr ough
the inlet 54. A nunber of problens exist with the burner 50. The pil ot
flame 60 asd fodoanaslcanpunhyswhe position relative to the flame 64 and
therefore burning of the flane is nore readily achieved in the region close
to the pilot fBafersedrdkigyn f@tthdeorablitioy dektruotiomef ndxiddssubgdiceyimdh at a
region renote fromthe pilot flame. Consequently, m xture entering the

combust i ofuNARREI THRYoMBhstRE &R FR pelEINY-dGRRRYAILEiIneSMiibENgy Alofaxi ous
subst ances bei ng exhausted fromthe burner. Further, the injection tube of

t he pil ot 4 I cal | e L vel y. nar therefore the fuel gas is
i njected pﬁ%%Eéﬁﬁ¥%%m¥ﬂ%%hﬁ%mgg%égggﬁﬁﬁgﬁﬁgﬂtrated j et which has a

propens Y, o i 314, 1S LKBIRI0S EB45L 8 neolBLE SRIPURL 00 B e
instance for introducing a fluid streamfromnore than one -2 -

introduced through an inlet 54 of a combustion chamber 56 as a mixture with a fuel

gas 58. The mixture is ignited by a pilot flame 60 of a pilot 62 and 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 one position relative to the flame 64 and therefore burning of the flame 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 burner. 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
causi ng additional expense in addition to the problens identified above.

In a radiwotootumesss 70 as shown in Figure 7, a conbusti ecTadBoivasosss is
formed by a surroundi ng porous generally cylindrical wall 74. Fuel gas 76
is introduced to an outer chanber 78 throygh 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 wall producing a high tenperature reaction
zone 86. i LI | ,quid 90 (typically
wat er) foénﬁﬁéé% §?ﬁ§g§%%%%f§§/n?ggggﬁﬁﬁ%f%%%%ggfg%q#@ﬁf%gg%gean1and for
washi ng away,.particul at e tter., The cold,liquid also cools fluid exhausted
from t ne BUTHER s hai adiano the HopGEs fsmbse Brifoaed. A fI uid stream 97
contai ning at |east one noxious substance is introduced into the conbustion
chanber 72 t hr Bugjrdiant Bernoy7Garshowndp kigyes et sytusHemetanfict 12 ihe gases from
the high tenperature reaction zone 86 near the surface of the wall 74.
Conbust i oforined &y scuaohindrepotoys pérerdiyaty liniich wal 7defeclagaed6and ref | ect ed
from an opposing surface of the wall 74. A radiant burner is shown in nore
det ai | i nintBd0&4483h outer chamBdrg 8 bhibugh infd 89uhl rsicd thesngh thelpdrens of

problenms. First, the flame 86 when fully ignited is cylindrical and as the
pilot flagg84 isplakatpsnrbs LPiot AR PORL idithd A8l PsAbH-GRREsRltale
reaction zone 86 ignition is assured in this region. The flane 86 nmay not
burn or n b fully. o 7 | r te from
the pil 0[’8 4 r S%aél pg{)&f%@ %Agﬁgﬁaesrﬁé%%%%e Ifae?ét{v%/ﬁiz\éﬁé gﬁhlﬁg‘}%ﬂat %I{Pr%ngreglte%t‘raggr eaction
zone i s not nmintai.ne b scept.ible t epositing of particul ates

whi ch cauBBdUeRsFaYer chq%qﬁﬁﬁﬁﬁméhv WA f%gi}sgoltvwe% SRYRReHY 94L £ the
cooling colum cools the surface of the wall 74 particularly at the |ower
part of themetgd flygd secanh ard for svaseing eepy pettisdlatermaiarhd he seldiliggidwlser whi ch
further acts to cool the conmbustion chanber 72. Consequently, -3 - conplete
conbust i opodadf flttdexhhusicd fsdm elanbi@Rermsaythatdat calneaohyamiend yalisposedr A fluidnconpl et e
conmbustion of the fuel / air mx 76. Additionally, the provision of a

singl e rek@danysd YorlthiBihg @R RIagone ABLRAS Etis@cd IsanodiREd Hadra@eohibastdrl | cat e
porous wall of the burner requiring expensive replacenent. T

he
resent i j i i | I al G L . gﬁ@g i i tream
f h eS pi | olt Qpéagllrirui)elrr ?g iﬂ%géfngﬁ I9§taﬂﬁj (llz)sféorﬁ%swh gﬁlgc Bgﬁ?t u\gilﬂ? ga ?éﬁltﬂzurﬁ o IH%I? oS

recei vi othep t;
means for

igniting the fuel ,gas; and eperal | ul ar condyit open al ong
an annul alSBTWE T an P SRAEHaRs rufheR Sl D 1h CmRbES Rl gas from
the inlet and so that when the fuel gas is ignited an annular pilot flane
i s gener apgeved by the lgaf ahichyis geperaed érﬁbveélficts%ﬁpm oppepag purfae of fe
i nvention are defined in the acconpanyi ng cl ai ns. In order that the
present i waBAti dnradent benewh shawdey mowaltalbnddddaeids t hereof , which are
gi ven by way of exanple only, will now be described with reference to the
acconpanyi ng dTawbm@s; 70 suffdd f£bm a number of problems. First, the flame 86 when

fully ignited is cylindrical and as the pilot flame 84 is located at only one position 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,



Figure 1 a shows a section through a pilot taken along line I-1 in Figure
2; Figure 1 b shows a section through a pilot taken along line J J in

Fi gure 2;wbigirmid4shows an el evation of the pilot indi earigrrotonsodssnes of
section I-1 and J-J; Figure 3 shows an open flanme burner conprising the
pilot shown in Figure 1; Figure 4 shows a_ radial burner conprising the
pilot shown in Figure 1; Figure 5 shows adturther open flane burner
conprising the pilot shown in Figure 1; Figure 6 shows a prior art open

flame bur @@tﬁf)le@ QbBstlorSSYME Aid¥HRh @rrhaf ﬁ&ibglacllﬁlé{;&iea{léng with

incomplete combustion of the fuel / air mix 76. Additionally, the provision of a single
relatively high energy 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 section through a pilot taken along line J J in Figure 2;

Figure 2 shows an elevation of the pilot indicating the lines of section I-1 and

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

Figure 6 shows a prior art open flame burner;

Figure 7 shows a prior art radial burner;



-4 - Figures 8 and 9 show a further pilot nmade integrally with a weir
arrangenent of a burner. Referring to Figures la, Ib and 2, a pil ot
10 i s showo 2bowvoopzsni ti ng a conbustible fluid stream ThecpidrbioBEssi ses an
inlet 12, which may conprise a venturi arrangenent, for receiving a fuel
gas 14, including a fuel and air/oxygen m xture, into the pilot. Ignition
nmeans 16, for exanple a spark igniter or “4n ignition el ectrode, are
provided for igniting the fuel gas 14. A generally annular conduit 18 is
open al ong an 3y The
conduit 18 congg@g%fue%xégg%%{gﬁﬂ%ﬂgd I?é?qﬁggﬁng%%?%ﬁ g&% e‘?nef?'paperture
When t he fﬁetgﬂas flowing out of the circunferential aperture 20 is ignited
a cont i nuBUS Hiful ar pllot flane is generated radially of the conduit.

The annul ar conduit as shown is circular, but may be faormed of other shapes
such as a squaReferiinglodrgues b [herddonaiot ]IOnlStSFRVEn fgdHrdng ¢ he annul ar
conduit conveys fuel gas fromthe inlet through 360 and allows the gas to

f 1 ow f r onterhbustiblegiluid stredmat Thvhpitoticomipsisésgmi inketi 1 2rwhaeinmby cofmprases i s
generated. Likew se, the annular flane generated need not be ring-shaped,
but i nst eaghteOafreSRORAS fgeResianky fle dabed shapéingfa fuélendaitbxiypen For exanpl e,
if the conduit is rectangular then a generally rectangular flanme is

gener at €dmixtyre, intd i FEBRANktiASHSASWS, fopeﬂnqgé@%pirﬁq iRy amil nitdnopen al ong
its annular extent by the circunferential aperture 2% The aperture ext ends

through 3 ct% Odeagule %Vlh‘ r#fogﬁnﬁng T%ﬁ?vgl b {ﬂuf’ e%eﬁ&gfﬁjﬁﬁnu%%r R&(ul{rf’é 1% y

equal | y abou rcu e aper rmned i h siZe to

ensure that a equal ow of fuel gas is _distributed_argun
ci rcunf er K q@%@‘r %Pcnnu CHIcR lé,fPls“tgé‘n“tlrcle]:ﬁ?FEn“al agerture 20, s}Her Jt’q’i}ellg gas

typically contains a mxture of fuel such as a hydrocarbon and oxygen or
air. conveys fuel gas from the inlet to the circumferential aperture. When the fuel gas

flowing out of the circumferential aperture 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
generated need not be ring-shaped, but instead corresponds generally 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.



As shown in Figures 1 and 2, the conduit 18 is open along a radially inner
annul ar extent so that the circunferential aperture 20 faces radially

i nwar dl y.wdheryabss4f uel gas 14 is ignited by the igniti rgTros20s/056085he
annular pilot flame is generated radially inwardly of the conduit for
surrounding a fluid streamto be ignited. I n other arrangenents, the
conduit may be open in an axial direction; "for instance, at the surface
faci ng upwardly, or out of the page, in Figure 2. Al t hough the pil ot
fl ame gener at egh, | i | OHH i i red since once
the flanme is ig%%?ggggﬂk ngfé%F%%§%Pg%:gh?ghgﬁég%?%éE%g§§#9&§%?Eads ar ound
the circunference. of the pilot. Therefore, the ignition neans 16 as shown

i s di spos@¥P&°4%ingle location in the circunference of the pilot and in
use ignites the fuel gas to formthe continuous annular pilot flanme. The
pilot flame mapshbBewBhE Figirey anddh te capduf |8 siopes alepg aradiglhy gh as t he
flow of fuel gas nay not be distributed conpletely equally about the

ci r cunf er empiarextanhe thatthd cetureznmntal/apsciorsi (ofaads gdielty invgudlyh Vet of t he
annul ar flanme. However, generally in use the pilot is capable of generating
a cont i nugiestuarpaull ats ighlt@t by thanigniting meansMBntht aiiutg lot SeMS iNgendRals nay be
pl aced at intervals around the pilot for nonitoring or sensing

charact er {.gfd] n&ﬁrdﬁﬁ‘@f BE L duitSHE B;rﬁﬁm&ﬂﬂ% NS SIRGEn /f b@igﬁﬂt&ﬂﬁn ofert he flow
or pressure of fuel 'gas. Such sensing neans nmay feed back to a control for

moans, it nSRaRRAINGE) B abh f iRlar SR RHER By B B, 2R 27 11
conprises a_.plenum chamher 22 far receiving fyel gas fromthe inlet 14 and
& cl r cunt SHORETAMENARAAY. 904tK hepiRanIFIfge fuel “gas from the pl enum
chanmber to the circunferential aperture 20 -6 - for fornming the continuous
annul ar pil ot Altheesh the pileteflaneegiceteshis ehautegnly 2 saighky ignititlé9s t he fuel gas
generally equally around the annul ar extent of the conduit 18 at an equal
pressur e swuirb@sinvdherceitignflired istipeitaiantthategion cininuigaiterpt teadily spaemlsbur ns
generally evenly at approximately the sanme intensity and size about the

annul ar  extoand tHfcitciffGendwthe Pilvt S TREkRREQRRTHhitRNANEHNS 36 bhiShadanRr at i on of
a pilot flame which is annul ar and unbroken. The pressure of gas in

the condu F{?p&st%ﬁ Ry sigglthBcga?itoﬁ St ekl R fdr SR QR I&Eﬁj@ 0Rd & JsH ‘?gﬂiﬂ%k e 12.

Accordi ng e ano gas exiting the cir erenti al  aperture 20 may
be greatest near the.inletf and hence .the annyl ar.flane nmay be | est near
Che i nt et ieh BERdOB s heRimii apnds oiie) Salke ThE PilesTToEa” a8tk tlerves t o
distribute the gas equally around the condujt. Additionally it will be seen
that inl eﬁm&liariag ath ey pitgfrignitian eh therflamel fusbeasinedy mot be disgitided gas entering
through the inlet nust flow along a tortuous path prior to exiting the

pi | ot t hr cergbletchecqialy abdus thatiicamfenpeed arrte flind strhis mvgygccasienadlyr f ace of t he
pl enum chanber opposed to the inlet and the upper surface of the baffle as
shown i n Ektgigush pas otk dobuBe flams. bfvfehes géerdlReinfusotieqiilot is&lapgasof

The pilot may be noulded froma netallic naterial in a single piece or two

or nore pLeLesindl CRtAIGsTHRISAMENathef | Xed together. The channel portion

24, or other portion of the pilot which is in contact with or closely

adj acent to the,pld g, bl ?e%ngmﬁf’eéﬁ’ﬁr% BE Rded pdfeRa Cabufy tthfg:p*ﬂ{}tgfo?eSi st ant

material, such as a ceram cC or ‘a ne such as s nress steel. It

is preferable to avoid a netal .surface in contact with th ilot flane
Sinpe t b Gopag caria cedssioh aF(oE o1 Bk Sttan i PESRSE B e, 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



In use, fuel gas is introduced to the conduit 22 and conveyed around the
conduit so that it can flow out of the circunferential aperture 20. Wen

t he fl ow wbnolgh2iche aperture is established the igniti eoTrosos/b6ssgnites
the fuel gas - 7 - generating a pilot flanme which extends radially
inwardly fromthe aperture and in a generally annul ar configuration. The
rate at which fuel gas is introduced to thé conduit and the size of the
aperture are selected to reduce the possibility of flash back into the

pl enum chaplieiae ¢ e'dtB g%&sraﬁg%égpﬂﬁggﬁﬁe! @Hﬁs%tﬂ@?f&nﬁ&o hfhbRerd ess than

forward velocity~o uel ane speed 1s the speed a flane
passes back, towards.its source fuel and jdant. The fo rd velqQcity is
Phe: <pecd Bt ahe ek Erg i e saiy AP ugihs Altuss SoFal & PRE B8 al 1y
radially inwards direction and shoul d be %reater in velocity than the flanme
speed. AstHecqyakprassyicodhatairadenited thp epitippaus gnnulg pilothneguaut  (f an

i ke), thereby reducing the forward vel ocity. The anchor region at which

t he f or wagehevalyowichly a¢ gpiabsinfdtedyrthespaedntcssityomdstpeahoitythg astuldrextnt t he
exit of the aperture. If the material fromwhich the main portions of the
pilot is ohthe cosduiBtEi$ ar€angbhm@nEprostes tidndenpribh oNs pilowliend whichnist ance of
ceram c, may be disposed in the region of the aperture 20. The pil ot

i s formedi g aimpeie by a first, or lower, pilot plate 116, which
together with a second, or upper, pilot plate 117 fornms the pl enum chanber

22, the channely, por Ll 00,22 30 ClGHTh L9 Hre ARE N HE Fo A pebRfndsd " St _and
s may ¢ by anTe’ ne

second pilot pla f1xe oget her ny sul ans such as by
bolts. Spacer 1 are placed at intervals. around the pilot plate for

spaci ng t H& et i ARfastingbahe mosi 9l SxEiBRdre T pead op %re§§acer s
ensure that the channel portion 24 and circunferential aperture 20 are

si zed cor Paybeeresst oo therip oy and kangel therpanplar ame napyi bej laigevmamstha 6 which in
this exanple is an ignition el ectrode extends through the wall of the first

pi | ot pl atrdetddd Tihs phaden dasbet gidngomenteariesatbed abwageivey te fistribute thhe
ignition electrode extends into the circunferential aperture to provide an

i gnition saydqeellyeind iR doH@lit. da8ditisndllyawivilObe seef that ih1EORAR nbhAigABE!r t ur e.
Inlet 12 1s fornmed in the first pilot plate 116 which may be sealed with a
Swagel ok GANRARGHRY portion 24. Instead gas entering through the inlet must flow along a
tortuous path prior to exiting the pilot through the circumferential aperture. In this
way, the surface of the plenum chamber opposed to the inlet and the upper surface of
the baffle as shown in Figures 1a and 1b act as baffles to the flow of fuel gas.
The pilot may be moulded from a metallic material in a single piece or two or
more pieces which are subsequently fixed together. The channel portion 24, or other
portion of the pilot which is in contact with or closely adjacent to the pilot flame, may
be formed from a heat or flame resistant material, such as a ceramic material or a
metal such as stainless steel. It is preferable to avoid a metal surface in contact with
the pilot flame since this may generate undesirable nitrogen oxide compounds.
In use, fuel gas is introduced to the conduit 22 and conveyed around the

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

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



An open flame burner 27 conprising pilot 10 is shown partially in Figure 3.
The pilot 10 is not shown in detail in Figure 3 for sinplicity. A
fluid strwaerm@@®orz4si nt roduced t hrough an inlet 31 of thecrwmruakisorsschanber
33 as a mxture with a fuel gas 35. The mxture is ignited by a pilot flane
37 of the pilot 10 and burns as an open flane 39 conbusting the noxious
subst ances. Although only a sem -circular’portion of the flame 37 is shown
in Figure 3, the pilot flame 37 is annular and therefore surrounds the

fluid str f I {; ' nber 33

t hr ough tggﬁ%ﬁpgfuggﬁﬂ%ﬁ%V?géﬁgﬁﬁggﬁ%%%Pgﬁ&g%f%%QﬁaggEggﬁhhg@%ﬁﬁﬁis used to
descri be the rangenent. shown in that the, pil ot extends nerally

ber pend: cBISFIY T80 EREISBER o ot roigh Tyt shs SAFERRAS G but ner

Usual ly a burqer i s upright as shown aqd in this case_the %ilot is_

gener al | yorstuitzgA il sizoeidhe apartyrearcsplectad fa ipdics the papdliy of dlashiadg | ot

flame laterally fromall sides ensuring relatively conpl ete conbustion of

t he m xt umeo thEmilenuar clangengnt Ircthstgards ths flameispgadohentdrbe lessehant he prior art
descri bed above in which only the portion of the fluid stream proxi nate the

pi l ot fl arewhal ednstysifend fugl gidr Mhe fAgRishecnaltieyspeeda fib@e physesibdokr ent i al
aperture 20 is relatively large and the flanme is therefore a distributed

| ow ener gioufdrITRs doifecl el anBRRidkhOW RGFOHRLANGRCA PR BPSSLHheWHREZAIR!

significantly disrupt the main ane 39. Referring to Figure 4,7 a radi al
burner 26 I S| 1lo 0, IS : I I g NOX| t ances
froma fl a?nﬁr%g?d’r %lgér% éﬁé 4'rpneétu ul’rn nae%en%H%%%Iﬁ%[yslgglgg&écdg%%tﬁ%{%n(;ﬁ;&%roglg il%%n in

whi ch a fuel gas can be buyr for conbusting the fluid stream .In_this

arr angeneHCAERa %wstﬁ%ﬁe?%a}eo@ﬁequ TRt TRFtC (aufar B8 et Sithded by a
generally cylindrical wall 32. The wall 32 is porous to all ow passage of
fuel gas sproad outifasdikk).itherpbit isdedies Berfbivetd seloeiharfhernely regiethitng on t he

i nner surface of the wall. Fuel gas 34 is introduced to an outer chanber 36
t hr ough i nheth tB8fawdrdpadsdty chhale figine tsheedwal don&2uenthejusidiclyombthe egit wf a ri ght
circular cylinder, elliptic cylinder, parabolic cylinder, or hyperbolic

cylinder gisGhpetiiat Ifthemwalibl férh Which S hia¢ for@ibny\bf 68 pfistab nids is34 can burn
radi ating hear radially inwardly and conbusting the F|UId stream It wll

al so be upfesd ?ﬁ&e%@&&a&%ﬁfﬁn%%&%%egfoi ﬁls{a%@éf&r@d’l‘ﬁ}/mfai} B0lPEsligp. or head,

of the burner where space’is wel r arrangenent 44 produces
a weir of cold Iiﬁﬁfd ﬁg %?gpically wat er) for dissolving constituents of

t he conbugFéEgPPﬁ CPredm-dnd for washi ng away particul ate matter. The
cold liquid also cools fluid exhausted fromthe burner so that it can be
conveni ently dilBpBaeds formed in thigexampig by ® firss HRWR> PHOtIHBIL 6+ eljic or m i n
Figure 4 and is |located below the wall 32 and between the conbustion
chanber 3®gathdr with awe¢andaer enpge pelnt plate. 1 17 foesethe hlenpinl dbember e ther at es an
annul ar flame 40 although only a sem -circular portion of which is shown in
Fi gure 4. cHdn@elpidriadn 32 anecidQnifgentia sipémat 20aThatfirdthed kevoad plotrflace of the
wal | producing a flame 42. The fluid stream 28 containing at |east one

noxi ous SHRSIRMEER kekeltRt b FAE QftabltRednd SuGO VIR N SPRRADEN B0 plabiPugh
inlet 48 and is conbusted by contact with the hot reaction zone 42 near the
surface O];t ﬁl&?va\{\@érlom?(flthe 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 fuel gas is flowing



The pil ot
flame 40

10 is located so that when ignited the continuous annul ar pil ot
and the generally cylindrical wall 32 are adjacent along their
respect i wwoanmul9ass4ext ents such that the fuel gas 34 pagsirgp2tweugh t he

generally cylindrical wall can be efficiently ignited and a flame at the
surface mai ntained. As the annular pilot flame 40 ensures that the ful
circunferential extent of the |lower portion of the flanme 42 is - 10 -

ignited and mai ntained alight, conbustion of the fuel gas 34 over the ful

I I:Sed . it I the pilot 10
(A6 he pIEE! nlcfd2 Soret SRSt pilor plafethlBBRb pp 10 B
%$sul teﬁ thqrgase of %he mai n conbustor reaction zone 42 from
& ‘%%WE@% SR8 “BYPYHE rel atively cold liquid 46 passing over the
wei r arrangenent. Accordingly, heat is npre effjciently generated at the
he reA®tapsh lapsdunsT 27 empHsing Mielf nghewepatrbsingHEuRdom t he

at ;he base near est the meir, for‘exanple car bon nonoxi de and
hydr ocar bdhe protsidiionst hOwilyh detid b Eigirshwsimplesitynpr ovenent observed in

i nner sur
is |ocate
thermal |y
chilling

base of t
conbust or

testing t
Car bon no

he enbodi ment of the invention. Table 1 Conditions Residual
noxi d@ fluid stream 29 is introduced through an inlet 31 of the combustion chamber

33 as a mixture with a fuel gas 35. The mixture is ignited by a pilot flame 37 of the
pilot 10 and burns as an open flame 39 combusting the noxious substances. Although
only a semi-circular portion of the flame 37 is shown in Figure 3, the pilot flame 37 is
annular and therefore surrounds the fluid stream and fuel gas mixture as it enters the
combustion chamber 33 through the inlet 31. The term “horizontal pilot” as used
herein is used to describe the arrangement shown in that the pilot extends 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 wall 32. The wall 32 is porous to allow passage of fuel gas

oxygen



CxHy Prior Art shown in Figure 7 5.2% 196 ppm 0. 34% Enbodi nent shown in
Figure 4 with horizontal pilot 5.0%
WO 2010/092364 PCT/GB2010/050085

9.

through it into the combustion chamber for burning on the inner surface of the wall.
Fuel gas 34 is introduced to an outer chamber 36 through inlet 38 and passes through
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 burner 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 stream 28 containing at least one 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



100 ppm 0. 17% The inprovement is due to a nunbers of aspects of the
enbodi nent. For exanple, heating the base of the radiant burner pad

i mproves woeomadbisst i on at the base. Powder s t end ptw/dB20tv@Ebosshe base
of the conmbustor due to reduced tenperature of the conmbustor pad 32 /
reacti on zone at the base. The provision ﬁg a horizontal pilot thermally

i nsul ates the base of the pad increasing efficiency of the pad allowing it
to sustain hotter tenperatures. Additionally, the horizontal pilot
decreases; r t I por ous
structure o gdﬁ&99ﬁg§%é&1#ﬁ&tQ?%@ﬁ%ﬁ%%#QQpﬁlF$%§46§§f?§§%ﬁ§%§f occurs but
in the enbof ?% P&gurs domnstrean1of the pad 32. However, the pilot

pl at es ar & f&F 8 IVéYy BdReeasid ¢ he deposi tion of powder on the pilot is
not considered a sjgnificant problem The solids i ncl ude silica which

i s easily remp®dditepally. g pileyilp at osgcdo thﬁbwgm lrgattﬁfY Be coReYup ot by
conpressed air or water flows. Further, the pilot can be cleaned by washing
Wit h matemnwmnamotﬂmséﬂﬁtmﬂm@hyhguhﬁﬁwmdM$de§&mhm@mC¢mbmmmaedébaiI bel ow
with reference to Figures 8 and 9) Advant ageously, the pilot 10

provi des aodeoit Remvarceilink Siect bedegded byatm rsldti{élg eoMiquid S@apaski@gdvertpensi ty
to danage the delicate porous wall

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 5.2% 196 ppm 0.34%
Figure 7
Embodiment shown in | 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



Al t hough not depicted, the radial burner shown in Figure 4 can be used in
conbi nation with the open flane burner shown in Figure 3 for conbusting
certai n twpesi10af23s@xi ous substances in the fluid streampCirGH20i08050085
arrangenment, the inlet upstream of the conbustion chanber 30 shown in
Figure 4 is adapted for introducing the fluid streamand a fuel gas as a

m xture into the conbustion region as shoWrr i n W2006/ 013355 the contents
of which are hereby incorporated by reference. The m xture at the inlet can

be ignite : r.f ;

oyl nari con PR RD HE, di3n; GRS pBlecnifoRt AEER O bIAECPER IS e
cylindrical wall AlLternatively, the pilot, 10.is | ocat ed_ .between the wall
33 and oy v oo bty e aliy aat ilslion PEOESGIE AT or ' on ti ng
both the m xture at the inlet and the fuel gas at the surface of the wall.
Fi gure 5 BHOWY @misersed diner vatchflovheF ot the ailet LR stcasetbnVaHhiTg gure 3.
The burner 45 is suitable for renoving noxi ous substances froma plurality
of fluid stthemte i42p if situ ¢lpatizgmethofl (dascabadas pewt deteil pelomatvith y  of
sem - conduct or wafer processing chanbers. Burner 45 conprises an inlet 41,
43 for eaedferbhesitd Bgureadudd’9) Al t hough only two inlets are shown the burner
may conprise nore than two inlets. The inlets 41, 43 introduce the

plurality of f'z&'div&ilt%éoﬁ%gﬁth@éil&nﬂ) ﬁrH@L'deQ@I%v&’f@né‘éy distutcd TREREGHAYE M Xtures
into the conbustion thanber 33. The pilot 10 is 1 ocated so that when

ignited tQV?hC%%E Ff{gyﬁﬁfﬁﬂ@%%ﬁ“% d];ii%g@?%é}lf‘g’éﬁ gg'nds m xtures to be

burned so at a e’‘mxtures can y a single pilot.
Typically, cleaning. of the pilot 10 requires remval of the buyrner

art angenent 26 AUHETEIY SPRiRYeRe iyl Qe SHoRr lpre 4 PESRA S |
significant tool downtine. However, in-situ cleaning of the pil ot

pl at e canc@ebiatigroyiedhensadiamy busngsshewr Heldighie ierpembuspnessii@inzed 1 ui d,
such as water or air, through inlet 12 of the pilot, through the plenum
chanmber atgeoof nafioustsebstancesing the €nid sfcampdn this err@embdy drtialpeousl y, tthe
fluidis aliquid, as a liquid falls under gravity renoving particul ates

fromthe gpREMWEthe &mbiuRBoh BMRIbRBD Bhowh af Eigdikt is adapted fodidtRRiucinghe pi | ot
plate 10 nay be integrated with the weir 44. As shown in Figures and 9, a

passage lig fkﬁ%%ﬂlgﬁ RRE MRS R pRL bR ol BLBuBHETIOAR SRAUMh ke we 1

vol unme 107. veable froma first positron in it bl ocks
t he passa second. pasi,ti.on in iLch th ssage i s en. \Wen

the haseadoTtuRas S uReaRRAsRE N e Bt eAmsp i B RHRRS B: "can 1 ow
into the pilot plenum 105 and out through the circunferential aperture 109,

runni ng dBWHUESHE theninlet g3 boienitebbibihe dleniz2 fogmed Hdhe igce pf thét pl ate 102,

renovi ng solid residue by physical and chem cal (dissolving) action. After
cl eani ng géreralt enliniligcad wiallotfach ofifsclinghitcd dypilehUhrichabdserof did owed to drain.
Once drained, the bung 106 is then reengaged. The pilot is dried by blow ng
ai r t hr ougfiirtdhieali wdlet Altéonatevetly, Yhe pike 10iid Rtatedbetb@ch griwad32 ddd thel | be
appreci ated that the process described for in-situ cleaning is nore

ef ficient ;A0dad 88 foptd B Wl 800w htafurdus asaihhd Peth tREemBUIRES the
di sconnecting various pipes, cleaning the pilot and subsequently

re- assenbhh%%na% %er lt fﬁg% Irfgcceomﬁ?ch,iaﬁlg the pipes. Further, in-situ
cl eani ng reéduces the Possi bi ( y of e ‘oper at or
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 are shown the burner may comprise more than two inlets.

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



- 13 - comng into contact with potentially dangerous conbustion byproducts
(i e oxides of Arsenic on AsH3 processes). Accordingly, a nethod of

cl eani ng wol20t0/600364n situ in a burner conprises: disconmpretiGBrgioasemssr ce of
fuel froman inlet to the pilot; connecting a source of cleaning fluid to
the inlet; and cleaning the pilot with sajd fluid. - 14 - CLAIMS 1. A
pilot for igniting a conbustible fluid stream the pilot conprising an
inlet for receiving a fuel gas into the pilot; nmeans for igniting the fuel

gas; and f.g %@E ik RMLAL cGRORULE ¢ eglﬁt%rl hORg. ?ﬂo@ |t Xb G bY 2

circunferen aperture for conveying tfuel gas fromthe i1 nlet and so that

when the fuel .gas,i.s ignited an .annul ar pilot flame . enerated. 2. A
oilot as SPSH K e ORS fRURar ot e 3 MUY dn Bt RO RYTEd, adi al | y
i nner annul ar extent so that when the fuel gas is ignited an annul ar pil ot

flane is gethet i elthe guxtaresyean hodgnded by e sinede pidHdui t |

Typically, cleaning of the pilot 10 requires removal of the burner arrangement
26 and this removal is labour intensive and results in significant tool downtime.

However, in-situ cleaning of the pilot plate can be performed Cleaning is
performed by pumping pressurized fluid, such as water or air, through inlet 12 of the
pilot, through the plenum chamber and out of the circumferential aperture 20.
Advantageously, tthe fluid is a liquid, as a liquid falls under gravity removing
particulates from the outer wall of the lower pilot plate 116.

Further, the pilot plate 10 may be integrated with the weir 44. As shown in
Figures 8 and 9, a passage 112 is machined between the pilot plate plenum 105 and
the weir volume 107. A bung 106 is moveable from a first position in which it blocks
the passage 112 and 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. Once 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, cleaning the pilot and subsequently re-assembling the burner and re-

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



3. Apilot as claimed in claim1l or 2, wherein when ignited said pilot
flame is continuous around the annular extent of the pilot. 4. A pilot as
cl ai ned iwoanw/pEemaeedi ng claim the ignition means conprPCIEB28108P308E
igniter. 5. Apilot as clainmed in any preceding claim wherein the ignition
means conprises a single igniter and in u%e ignites the fuel gas to form
the continuous annular pilot flane. 6. A pifl'ot as clained in any precedi ng
claim wherein the generally annular WD 2010/ 092364PCT/ GB2010/ 050085 - 15
- acircu - : um
Er&ﬁ@g%ﬂoaéon&ﬁfg@@%hoé{?ﬁalﬁr';ﬁgg%h{;% ér”tﬂ%%g{m ??@ﬁéﬁ&mlé BEiaR! &0

chanber for rmng t tinuo
Arsenic on AsH3 processes).
Accordingly, a method of cleaning pilot 10 in situ in a burner comprises:

disconnecting a source of fuel from an inlet to the pilot; connecting a source of

cleaning fluid to the inlet; and cleaning the pilot with said fluid.



7. Apilot as clained in claim6, wherein in use the plenum chanber
distributes the fuel gas at a generally equal pressure around the annul ar
ext ent ofwoheilvmepsbui t so that when ignited the continuomsTaBuitasI@SE] Ot
flame burns generally evenly about the annul ar extent of the of the
conduit. 8. A burner for renoving noxious substances froma fluid stream
the burner conprising: a conbustion regiﬂﬁ”in whi ch a fuel gas can be burnt
for conbusting the fluid stream and a pilot as clained in of clainms 1 to 7
for igniting tpgfiyRl gas in the combustion chanber. 9. A burner as clained
in claim8, wherern the conbustion region is formed by a chanber having a
surroundi ng generally cylindrical wall for introducing therethrough into

t he conbustion,chanmher. a fuel s for_byrnin n a surface of said wall
when i gni i ed by Hl%gt‘] iBYtng g C?‘%EPS%’?GF ﬂwﬂ&trgﬁfﬁetﬁﬁpﬁa@&mw@adgﬁt said
chanmber can be conbusted. 10. A burner as clained in claim9, wherein the
pilot is |ocat&drewiipge fughaps inghibe ddot mecapnfonligniting theduglicasrandad t he wal |
are adjacent along their respective W) 2010/092364PCT/ GB2010/ 050085 -16 -
annul ar ext ent gersuddly dninakar tdreluitopen glsg passiulg dxendbygh citcembatdtiatan be
efficiently ignited and a flane at the surface naintained.

aperture for conveying fuel gas from the inlet and so that when the fuel gas is

ignited an annular pilot flame is generated.

2. A pilot as claimed in claim 1, wherein the conduit is open along a radially
inner annular extent so that when the fuel gas is ignited an annular pilot flame

is generated radially inwardly of the conduit.

3. A pilot as claimed in claim 1 or 2, wherein when ignited said pilot flame is

continuous around the annular extent of the pilot.

4. A pilot as claimed in any preceding claim, the ignition means comprises a

spark igniter.

5. A pilot as claimed in any preceding claim, wherein the ignition means
comprises a single igniter and in use ignites the fuel gas to form the

continuous annular pilot flame.

6. 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



11. A burner as clained in claim10, conprising a weir arrangenent
posi ti oned downstream of the conbustion chanber for receiving the conbusted
fuel strewonowheemun the pilot is |ocated so that when ipgmidBdigidseosannul ar
pilot flanme thermally insulates the generally cylindrical wall from
relatively cold |iquid passing over the ir arrangenent. 12. A burner as
claimed in any of clains 8 to 11, said conbustion region conprising an

i nl et upstream of the conmbustion chanber for introducing the fluid stream

and. a fuel 935, ahc gAML bl 2ot B RATRHAR] B0 FEAURY ek chafner as

claimed in clarm erein said m xtur sal t by the
flame fornmed a e .surface _.of the eneﬁghgﬁgcylindrical wal | . 14. A burner

t
as claimed in %F pipping the GORHAYQUS afpytar pi ] ocat ed between the generally

cylindrical wall and the inlet for igniting mxture at the inlet and the
fuel gas at the surface of the generally cylindrical wall. 15. A burner as
claimed in claim8, wherein said conbustion region conprises an inlet
upstream @f t hé pbtrbuslkinmd iolebambey, wherein mtuse dhechlamunt hearhbenidestishutesam and a
fuel gas as a mxture into the conbustion region and said pilot is |ocated

so that when i grifueldat bea ganrtdl@reqpall @ésstitcandursithe antudks ki@t of thkture to be
burned. -17- 16. A burner as clained in claim 14, wherein conprising a

plurality of ipghglug sBQhét%eﬁ%fﬁiéﬁ%@ébn@iﬂ%ﬂ%%nﬁl‘af plil&tﬂa%%rﬁ@ a plurality
of fluid streans and fuel gas as respective mxtures into the conbustion

chanmber and saigkga QR@LE¥%8@gB§9mﬁ&1%§ %%ﬁgﬁggkﬁggig&ﬁghe annul ar pil ot

flame surround% m ur es urned Sso € m xtures can be
ignited by said pilot.

8. 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 to 7 for igniting the fuel gas in the combustion

chamber.

9. A burner as claimed in claim 8, wherein the combustion region is formed by a
chamber having a surrounding generally cylindrical 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.

10. A burner as claimed in claim 9, wherein the pilot is located so that when

ignited the annular pilot flame and the wall are adjacent along their respective



17. A burner as clained in claim1l1l or 12, in which a portion of the weir
arrangenent is integral with the pilot and wherein the pilot conprises a

cl oseabl ewpassagesswhi ch when open water used to cl ean tIreTEB2010/d5b0385S

t hrough the passage and over the weir, and when closed the pilot can form
said annul ar fl ane. 16

annular extents such that the fuel gas passing through the wall can be

efficiently ignited and a flame at the surface maintained.

11. A burner as claimed in claim 10, comprising a weir arrangement positioned
downstream of the combustion chamber for receiving the combusted fuel
stream, wherein the pilot is located so that when ignited the annular pilot
flame thermally insulates the generally cylindrical wall from relatively cold

liquid passing over the weir arrangement.

12. A burner as claimed in any of claims 8 to 11, 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.

13. A burner as claimed in claim 12, wherein said mixture is ignited at said inlet

by the flame formed at the surface of the generally cylindrical wall.

14. A burner as claimed in claim 13, 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.

15. A burner as claimed in claim 8, 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.
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16.

17.

17 -

A burner as claimed in claim 14, 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

burned so that all of the mixtures can be ignited by said pilot.

A burner as claimed in claim 11 or 12, in which a portion of the weir
arrangement is integral with the pilot and wherein the pilot comprises a
closeable passage which when open water used to clean the pilot flows
through the passage and over the weir, and when closed the pilot can form said

annular flame.



