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EURNER : " The present invention relates to a gas burner suitable

or use in_inci ators, boilers, space heating appliances
f urnaces o?kﬂﬁﬂﬁg enperature reactors used in ) Pﬁdustry,PFTKﬁ%ggﬁ%? .
burner incorporating the flane hol der is also highly suitable for use in
a flare stack. The gas to be used as fuel can be any of the
conbusti bl e gases comonly used in gaﬁgﬁﬂ&ﬁﬁrs' For exanpl e, the gas
can be butane, propane, natural gas a ydrocar bon product gases
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a flame hol dejopie Wi £ 1fdiehighiRUEN table for use in a flare stack.

The gas to be used as fuel can be any of the
combustible gases commonly used in gas burners. For
example, the gas can be butane, propane, natural gas and
hydrocarbon product gases produced by gasification of
organic materials, such as commercial or general domestic
waste.

The burner disclosed hereinafter has been devised to
secure complete mixing of the fuel and air or oxygen, and
to admit them to a mixing chamber in the burner only in the
correct stoichiometric ratio required by the fuel for its
complete combustion whilst providing a stable flame over a
turn-down ratio of up to 60:1, at least.

A preferred burner for combusting gaseous fuel,
comprises a burner tube open at one end and closed at its
other end with '‘a flame holder at which fuel is burnt
adjacent the open end, the flame holder being traversed by
passages for fuel and air to be consumed, the burner having
inlets adjacent the closed end respectively for air, or

oxygen, and fuel, the inlets being furnished with metering



adj acent the open end, the flame hol der being traversed by passages for

fuel and aiv5059669€3 consuned, the burner having inlets agbg@@;mtghga
cl osed end respectively for air, or oxygen, and fuel, the inlets being

furni shed with netering WO 99/ 66263
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separately del i vering air and -?ael substantially radially into

the tube whi gly 0NdB a £¥r¢i NGeparé@BEyLet ¥BEIvENEnd Nl &5 andiddie feare

hol der, the netering nozzl es having orifices wih fl ow cross-secti onal

ar eas cor r @l die st M &-adi% 10 Gl ithe dhibe hidh flodmsuel nfi%in
which the fuel is substantially conpletely burnt. A burner of the

present i nvenidd HewfdrCitde Mnletkohffiathe £1awd Yho/bdest NG leftedlingl ow
rates, i.e. it has a high turn-down ratio. Conventional burners have

turn- downdzélers havihg ordficek 4vitth Sflowlcrbeessetbéondpplageas rates
of air and fuel can be reduced to one quarter or one fifth of the

maxi mum capacedyrefatsing tourther stoichiombéric raetoodf air-dadfueli foid ame
instability; ultimately the flanme fails and is extingui shed. The
present inverwhigh ddeksfuel psowubstantiaddy womhletely burnt.
A burner of the present invention beneficially
tolerates widely-varying air/fuel flow rates,- i.e. it has
a high turn-down ratio. Conventional burners have turn-
down ratios of the order of 4 or 5 to 1. Thus, the supply
rates of air and fuel can be reduced to one quartexr or one
fifth of the waximum capacity of such burners. Further
reduction results in flame instability; wultimately the
flame fails and is extinguished.
The present invention seeks to provide a burner with
a much larger turn down ratio. Accordingly, it provides a
burner for combusting gaseous mixture of gaseous fuel with
a combustion supporting gas, such as oxygen or air,
comprising a burner tube open at one end and closed at its
other end with a flame holder at which fuel is burnt
adjacent the open end, the flame holder being traversed by
passageways for the gaseous mixture, the burner having
inlets adjacent the closed end connected to combustion

supporting gas and gaseous fuel supply lines, one of said

lines having a c¢ontrol valve operable for controlling the



a much' larger turn down ratio. Accordingly, it provides a burner for
combust i ng yWgesHedes M Xt ure of gaseous fuel with . a  compesicisoion

supportlng gas, such as oxygen or air, conpri sing a burner tube open at
one'end and closed at its other end with a flame holder at which fuel is
burnt . adjacent the open end, the fl,anme hol der being traversed by
passageways for the gaseous m xture, Phe bur ner havi ng I nl ets adj acent
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vari abl e booster or restricter responsive to the transducer, for
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m xture remains stoichionetric irrespective of the size of the flanme and
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1/60[err] the highest flow rate of the gaseous fuel ‘-m xture each

passageway shaei of aid afldneexand asuthethad mthar drowdst ogesesns! Hhel he

burner each passageway bei ng di nensi oned such that at the
mixture flow rate is at least as low as 1/60*" the highest
flow rate of the gaseous fuel mixture each passageway
having a flared exit at the end nearer the open end of the
burner each passageway being dimensioned such that at the
highest obtainable flow rate of gaseous fuel mixture the
flames do not 1lift off from the flamer holder, at the
lowest flow rate the velocity of the gaseous fuel mixture
at some point within the passageway is sufficient to
prevent flame back thiough the flame holder.

The burner of the present invention represents a
marked departure from prior art burners in that the burmer
can provide a stable flame at the flame holder at low flow
rates yet can provide a 60 fold increase in gaseous mixture
flow rate by providing sources of gaseous fuel and
combustion supporting gas which can provide sufficiently
high pressures to provide, at the high flow rate, a
sufficient pressure drop over the flame holder passageways

to obtain the required flow rate.

The burner of the present invention holder of the can



hi ghest obtainable flow rate of gaseous fuel m xture the flanmes do not

lift off fm@g&lﬂ | amer holder, at the |owest flow ratepéfigpyfdiofi ty of

t he gaseou I Xture at sone point within the passageway IS
sufficient to prevent flame back through the flanme hol der. The
burner of the present invention represgnts a mar ked departure from prior
art burners in that the burner can provide a stable flame at the flame
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m xture fl ow rate by providing sources of gaseous fuel and conbusti on

supporting ggtaphieCFlame Pt inidd it twhen thdhswbEssbESaip 8LQVI de,
at the high flowrate, a sufficient pressure drop over the flame hol der

passageways fuel dlgt gleduck@ teqohéedikt et adf the maximiive dapardtyQf the
present invention holder of the can WO 99/ 66263
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ratio of the order of 60:1, and thus a stable flane is retai ned even
when t he supmEipcef lmat aodtputf gan ilwe redoireolled oowesi xat iwide ofange.
maxi mum capacity. Such a high turn-down ratio is highly
advant ageous Moreover, such a burner is ideal for use in situations
where the gas supply is variable, such as may occur in the
case of flare stacks.
The inlets may be furnished with metering nozzles for
separately delivering air and fuel non-axially,
e.g. substantially radially into the tube which forms a
mixing zone between the inlets and the flame holder the
metering nozzles having orifices with flow cross-sectional
areas correlating to the stoichiometric ratio of air-to-
fuel for which the fuel is substantially completely burnt.
Preferably the inlets are disposed in the tube for
delivering air and fuel in directions which impinge, to
create turbulence and mixing inside the tube, for example
by locating the inlets diametrically opposite one anocther
in the tube.
Conveniently, the flame holder provides a mounting for
an igniter and associated ground electrode, and,
optionally, further provides a mounting for an ionization

probe.

Preferably the burner includes a monitor and control



since heat output can be controlled over a w de range. Mor eover, such a

burner is iwedd,sh®y use in situations where the gas supplcftsserddibabl e,
such as na?ﬂgg%ﬁr in the case of flare stacks. The inlets may be

furnished with netering nozzles for separately delivering air and fuel
non-axi al ly, e.g. substantially radsally into the tube which forns a

m xi ng zone between the inlets and the flane hol der the nmetering nozzles
having orifi egstent hcdipledr eostiRCt pooBe, foll RS GORIFY Bid NEhEO fAfee
stoichionetric ratio of air-to- fuel for which the fuel 1s substantially
conpletely bsupply shvweldrthey uhbarntl efarkbore ekcpesed igrddetdrliaelor
delivering air and fuel in directions which inpinge, to create

turbul ence adéveilxi ng i nside the tube, for exanple by |l ocating the
inlets dianmetrically opposite one anot her in the tube. o

Conveni ently, thelnl guehhandembedinentes therpumaynbef ervalvenin ithed aér and
associ ated ground _el ectraode, and, optional Iy, further provhdgs a
nmount i ng for SRRPL¥nAiRe aad a hogisser or restpicterabhy thiee fmednddinienc| udes

gcgygggg;oig%gp%@ggg may bevg)%gaggzgg the fuel line and a variable
speed fan provided in the air line.

The flame holder may comprise two or more radially
nested tubes each pair of adjacent tubes defining
therebetween one of said passageways of the flame holder
for the gaseous fuel, but other ways of defining the
passageways may be employed, for example, a plurality of
holes in a disc.

The tubes (30a, 30b, 30c) may be held in position
relative to each other by one or more transverse pins (33)
and include a central bore with a flared exit.

Each flared exit may have its terminal portion defined
by inner and outer cylindrical walls which are parallel to
the longitudinal axis of the flame holder.

A burner of the present invention will now be
described, by way of example only, with reference to the
accompanying drawings, in which:

Figure 1 is an end view of the burner incorporating an
embodiment of flame holder according to the present

invention;



-5- systemcoupled to the probe, for interrupting the
shoul d thevu?ﬁy&5&3carbon exceed a predeterm ned | evel
enbodi nment , ere may be a valve in the air supply Iin
restricter in the fuel |ine, or there may be a val ve

a variable speed fan provided in thegair I|ine.

fuel supply
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e and a booster or
n the fuel |ine and
The flanme hol der

may conprise two or nore radially nest ed tubes each pair of adjacent

tubes defining tEigfehketavern HNeofitalihalasraearstabnt herblughe thel der
for the gaseous fuel, but other ways of defining the passageways may b
enpl oyed, foroeptpldE Figurd al,i by Qfine M@l eSIinof Eigsre 1; and The tubes
(30a, 30b, 30c) nmay be held in position relative to each other by one or

nore transverse piFigurds3)3 isaad1bAghudeisal eficse - Swuteiom ([JF ahle Flafleexit.
Each flared exit may have its termnal portion defined by inner and outer

cylindrical
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fl ame hol der. A burner of the present invention will now be

descri bed, byFimyefl.exanple only, with reference to the

draw ngs, in which: Figure 1 is an end view of the burner
i ncorporating an TherduumenfiOofilinghrabeddin the driwings aomprjsesent

tubular case 11 of heat resistant material such as
stainless steel, and is provided with a mounting flange 13
for securing it in a combustor apparatus, not shown. The
combustor apparatus could be a boiler, a gas-fired space
heating appliance, a furnace, or a flare stack, for
example.

A forward end 11’ of the burner is open, for the flame

to issue therefrom, and the opposite, rearward end 11" is

closed by and sealed to an acrylic viewing window 12.

Adjacent the rearward end, there are inlets 14, 16 for
air (or oxygen) and for fuel, i.e. combustible gas. The
inlets 14, 16 are internally screw-threaded to receive
unions for coupling them to appropriate air/fuel supply
lines.

The fuel inlet 16 is_ smaller than the air inlet 14.
Both inlets 14, 16 are internally screw-threaded and inside
each is a metering nozzle 18, 20. Metering nozzle 18 has
a bore 22 which is of substantially greater diameter than

bore 24 of metering nozzle 20.

acconpanyi ng

be



i nvent'i on; WO 99/ 66263

PCT/ GB99/- 0485 $/66263 Figure 2 is a longitudinal crosspeggEonisaér ough
t he .burner of Figure 1, online Il - Il of Figure 1; and Fi gure
3is a longitudinal cross-section of the flane hol der end of the burner
of Figure 1 online IIl - 11l of FiLgure 1. The burner 10
illustrated in the draw ngs conprises a tubul ar case 11 of heat

resistant materialThIEIAS crosetaebtesfiatt £pbas & the Boesbdes, vi4d are
nounting flange 13 for securing it in a conbustor apparatus, not shown.

The combusiroraappdist Womspbn®E iy ks | the atpashibmetiripagatio hegating
appliance, a furnace, or a flare stack, for exanpl e. A forward

end 11' of theudlivterais, openwhioh the domblstible ifsele isharmiplatelynd t he
opposite, rearward end 11" is cl osed by and sealed to an acrylic view ng
wi ndow 12. oxidizedl] acent Humedear Rardcemd}etéecontustion etdi fitgrek® f or
air (or oxygen) and for fuel, i.e. conbustible gas. The inlets 14, 16
are internal | fueks eveghivedddfferenteiamounts of air (or oxygen), and
hence the stoichiometric ratios will vary from one fuel to
another.
It is contemplated, therefore, that the nozzles 18 and
20 will be matched to the stoichiometry requirements of the
particular fuel to be combusted. Thus, one or both nozzles
18, 20 will be changed to suit the fuel, whenever the fuel
to be combusted is changed, to maximise combustion
efficiency, the gases being supplied to the nozzles 18 and
20 at the same pressure so the flow of fuel and air is
proportional to the bores of 22, 24 of the nozzles 18, 20
and which equal pressure condition will be assumed for the
remaining description.
The required ratic of the flow cross-sectional areas
of bores 22, 24 can be determined empirically.
Alternatively, it can be established theoretically if the
composition of the fuel is known.
By way of example, the ratio of the areas of bores 22,
24 is of the order of 10:1 for fuels comprising hydrocarbon

gas mixtures, at air and gas pressures of the order of 30"

water gauge (76 mbar). By way of comparison, existing high



unions for coupling themto appropriate air/fuel supply l i nes.
The fuel | Qldockdss! S- smaller than the air inlet 14. BOthbﬁhﬁMﬁ9#ﬂ1 16
e 18,

are internally screwthreaded and inside each is a netering nozz

20. Metering nozzle 18 has a bore 22 which is of substantially greater
di aneter than bore 24 of nmetering nozzle 20. WO 99/ 66263
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It is contenplated; erefore, that the nozzles 18 and
mat ched to t jBa$) O§&abi Pr&&syre equi rements of the particular fuel to be

conbusted. Thus, one or both nozzles 18, 20 will be changed to suit the
fuel, whenever thengti@é the! bidheonbaséedl sthEp@IEq & 0 FiRedn Skame
conbusti on efficiency, the gases being supplied to the nozzles 18 and

holder 30 according to the present invention fabricated
from nested coaxial steel rings. The f£lame holder 30
defines basically annular jets from which streams of mixed
fuel and air issue. The jets are ignited to establish the
required flame. To ignite the jets, a spark igniter is
provided. The igniter comprises a spark electrode 32 and
a ground electrode 34. The electrode 32 is electrically
insulated from the flame holder 30. The electrodes 32 and
34 extend rearwardly to and through the window 12 to
respective terminals 36, 38 for connection to an electrical
supply.

The flame holder 30 is made up of three coaxial tubes
30a, 30b, 30c held in a fixed spatial relationship by
axially spaced, transverse brass pins 33 (see Figure-B)
which have been push fit in aligned diametric holes through
the tubes 30a, 30b, 30c. The flame holder 30, as a unit,
is supported and located within the burner case 11 by pins
31.

The tubes 30a, 30b, 30c are dimensioned and configured

to provide relatively narrow annular passageways 52, 54, 56



20 at the same pressure so the flow of fuel and air is proportional

to

t he bores : 4 of the nozzles 18, 20 and whi ch equ B5o70153

condi ti,on aﬁ?ﬁg %ﬁ%ssuned for the r emai ni ng description%knﬂ& The
required ratio of the flow cross-sectional areas of bores 22, 24 can
be determined enpirically. Alteraggively, It can be established

t Heoretically if the conposition of "the fuel is known. By way of

exanpl e, the f44igs %%Exb@e@r tWhePA0ES a2é: the gérﬁér%aé@?frﬁ@wégn 1001

for fuels conprising

ydrocar bon gas m xtures, at air an

of the order @iba®"30a WAKCHBAUGREWEENTRALEs BYDARE!3 OTRM | 5 Wween
exi sting high WO 99/ 66263

PCT/ GB99/ 0191€ube 30c and electrode 30. AP thBEESPHSAYE RS Hle
operate at 2-3" water gauge (5.1-7.6 nbar). Standard corfmercCial burners

are usual |y rfibapédOekits vBtat ghsgendlof MR )fldine HATREY G @MeareMat er
nbar) gas pressure. I nside the burner case 11 there is

gauge (5.1

a fixed flanethe hopeteredd rcafitke burner pideent.i nvention fabricated

from nested coaxial steel rings. The flame hol der 30

Three tubes are present in the illustrated embodiement
but the number selected, from one upwards, is determined by
the maximum power output required from the burner 10.

Each of the tubes 30b and 30c has a pair of
longitudinal half-cylindrical grooves which co-operate to
provide two generally cylindrical passages for insertion
and retention of the electrode 32 and probe 40, as shown in
Figure 1, the remainder of the annular passage between
tubes 30b and 30c being as provided between tubes 30a and
30b as can be seen in Figure 3.

The passageways and flared exits are dimensioned such
that at the maximum designed flow rate of combustible
mixture the flame is retained at the flame holder and such
that at the lowest designed flow rate of combusible mixture
the velocity of the combustible mixture within the narrow
portions of the .passageways 52 to 58 is sufficient. to
prevent "flame back", ie back propagation of the flame to
the mixing chamber.

Alsoc mounted insulatingly in the flame holder 30 is an

ionization probe 40 which again extends rearwardly through

gas pressures



defi nes basically annul ar jets fromwhich streans of m xed fuel and air
| ssue. The %re ignited to establish the required fI B9Jﬁ9i9gn' te
a spar

the jets, igniter is provi ded. The igniter corrprlses a sp

el ectrode 32 and a ground el ectrode 34. The electrode 32 is el ectrl cal I y
insulated fromthe flame hol der eI ectrodes 32 and 34 extend

rear war dl y to and through the w ndow respective termnals 36, 38

for connectigafg 7 ebeg! tLefinay S&Ep303s1§%cl% Thec 1 dol dpy 3y i s

made up of three coaxr al I a d spa"‘hal
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whi ch have been I'n a I gned dianetric

S0a, 30D, 30¢anThe wohiRcheuder B0.tfe EakBbh: c%ﬁténéuﬁgo%%ﬂdag%l geat ed

wi thin the burner case 11 by pins ubes 30c are
di mensi oned Qaﬁefo&haﬁurfdpreaétéfﬂﬂhéé nekall velnaiaitioy aiiiddtuate

passageways 52, 54 / 66263
PCT/GB99/019&8mbustlon, the monltor can be arr8nged #AdkRSwRahARELY tthe tube
30a and the burner case 11 between t ubes 30a and 30b, between tubes 30b

and 30c and bteiggen a control system to interrupt the fuel supply.
Thus, the flame can be eﬁctinguished.

In conventional blown gas burners, the gaseous fuel is
ejected from a nozzle at the end of the burner tube, and
the flame is ignited at that point. The gas is conveyed to
the nozzle by an axially-disposed conduit inside the tube.
The air required for combustion is supplied, by a powered
air fan through ports in the tube, close upstream of the
nozzle. The air mixes with the gas exiting the nozzle at
the point of ignition.

For combustion to take place fully and
stoichiometrically, air and gas must be mixed together in
the correct volumetric proportions. Where one gas is
injected into the other, as in a conventional blown burner, .
combustion is not always at its wmost efficient, since
mixing is occurring while combustion is taking place. As
a result, mixing of air and fuel is incomplete. It is
virtually impossible to attain the correct air/fuel
stoichiometry across the flame front. Thus, the flame is

observed to possess distinct, differently coloured flame



tube 30c and el ectrode 30. All these passageways have flared exits 60
at the endwodbiged | ane hol der 30 nearer t he open end l%cripdblogoibur ner

tube 11. Three tubes are present in the illustrated enbodi enent

but t he nunber selected, fromone upwards, is determined by t he maxi num
power .output required fromthe burner;10. Each of the tubes 30b and
30c has a pair of | ongi t udi nal hal%-cylindrical grooves which co-operate

te  provi d%oh\é%,ge'raeﬁaag!axi%l i 3&; irg%éeozﬁasﬁﬁﬂfﬁ forviaf'?‘fﬁéi:?@uel/ﬁﬁg

retention of the electrode 32 an 0, as shown In igure 1, the,

remai nder of gilog chfbrledryPafdgRpLeEd8ENfuel tabiRSustdmnd 30c being as
provi ded between tubes 30a and 30b as can be seen in Figure 3.

The passageways ame flcur@gda®xi,t s valtd didrenshened ssébordindpattet thes
maxi mum desi gned flow rate of conbustible m xture the flame is retained

at the flane imslettiion)dthechlamet &fdngt itdieftomeatie dlamgnddldeewsoate of
conbusi ble m xture * the velocity of the conbustible m xture within the

narr ow porosexyed§ tdebpasadgbantdaiAy ouhBfosm s aicirosisenthé oentipeevent
"flame back", ie back propagation of the flame to the m xi ng chanber.
Al so nount ed filaoel afixrontl,y umifdwmXy adpeigiot dbilu80 angd anith venyzattboheprobe
40 whi ch again extends rearwardly through
yellow flame regions being evident. A flame of this
appearance is a practical realisation of an ideal flame
wherein the fuel is virtually completely combusted.
The complete combustion attainable by burner 10 is
believed to be the result of two features of the burner.
First, the fuel and air are introduced in the correct
stoichiometric ratio governed primarily by the sizes of the
bores 22, 24 of the nozzles 18, 20. Second, it will be
seen from the drawing that the bores of nozzles 18, 20
introduce the air and fuel to the burner casing as counter
flowing jets, i.e. the two jets impinge on one another. Aas
shown, the nozzles provide diametrically-opposed ijets.
Such impinging jets ensure very effective initial mixing in
the burner casing. Basically, highly turbulent flows are
created .in the rearward end of the casing 11, which
provides a mixing chamber of significant length between the
nozzles 18, 20 and the outlet end of the flame holder 30.
By the time fuel/air introduced by nozzles 18, 20 reach the

flame holder 30, they are in a completely mixed condition
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- 10- pl a a termnal 42. Using ionization probe §99.10.1§f§e
ground eleg??%ﬁgkg8, t he carbon content of the flane can be nonitored.

| f the carbon content is found to be | ower than a predetermined |evel,
I ndi cating i nadequat e combustion, t{ie nonitor can be arranged in known
manner to trigger a control systemtio interrupt the fuel supply. Thus,

the flame capabgl exbinggisbed. and complldt UBAEE3BA. bl own gas burners,
t he gaseous fuel is ejected froma™nozzle at the end of the burner tube,

and ~ the flame iBhégrigeadtabont haid PELRput ThE J8Se %u‘iﬁ@!é%f& kQn e

nozzl e by an axially-disposed conduit inside the tube. e alr required

for- conbusti eentBosled! iredrarivus REYE! €hesitablian thidl a¥ghswesiy Wit he
tube, close upstream of the nozzle. The air mxes with the gas exiting

the nozzl e aincltde poi pbnokolgnidlven. and the FAir «APPIEtIoHe Wikl take
pl ace fully and stoichionetrically, air and gas nust be m xed

together in intbrpovateca fldwnet prespuzeotirhnsducer\Werki®neimaturs
injected into the other, as in a conventional blown burner, combustion is
not al ways awills gamtrad f aci fwel dalemcenyi xing.i s ogasr rboagstér | @r
conbustion is taking place. As
restricter. Such equipment will be known to the addressee
and hence is not described in detail here. Suffice to say,
however, the objective of the control system is to balance
the gas and air pressures and flows to the burner 10, to
maintain the desired stoichiometry when turning down the
burner using the air control wvalve. With such an
arrangement, the only valve to be opegr:ated is the air
control valve.
Alternatively, the burner could be controlled by a
single valve operating in the gas supply line instead. In
this case, the gas pressure or flow is determined by a
transducer which is used to controcl the air pressure or
flow. By way of example, the air pressure or flow can be
varied using a suitable variable speed fan or blower.
In installations utilising more than one burner, e.gq.
in a boilerhouse, it is contemplated that air and fuel gas
will both be supplied at high pressure. Then, only

balancer devices would be required to ensure all the

burners receive air and fuel in the correct volumetric



aresult, mxing of air and fuel is inconplete. It is virtually

i Npossi bI-e“;(p,ﬁ&@i n the correct air/fuel stoichionetry ﬁp_g@%{ﬁgf | anme
e

front. Thus, t lane is observed to possess distinct, differently .
coloured flame WD 99/ 66263

PCT/ G899/ 01919 -13- -11- zones, indicative of poor
m xi ng, varying fuel/air stoichionetry and i nperfect fuel conbustion.

| n contrast, ratibsa ‘burner according to this i nvention, the flane
emanating fromthe flame holder 30 is observed to be substantially

uni form across t h@henbiurrer 16|asreddg@nibediniduliding lipdlalyell Heonpdiwi t h
very little yel l ow fl anme regi ons bei ng evident. A flame of this

appear ance i 8 snRldct appliance; setgon of damesttal o agmall woamersikbe fuel
is virtually conpletely conbusted. The conpl ete conbustion
att ai nabl e bgpBgendeatings sysdfsin,cved o ¢atarting esvén ot tgmdlfleat uLss of
t he burner. First, the fuel and air are introduced in the correct
st oi chi onet r LATEEE| BYSesrs far gndustiyy Bygiven siwwmwmasf, blodlerbhoesep?2, 24
of the nozzles 18, 20. Second, it will be seen fromthe drawing that the
bores of noz¥PBEteB opcthe like may require many such burners 10, which

will most conveniently be coupled to common air and fuel

manifolds.

The burner 10 shown in the drawing burns remarkably
quietly, thanks to the highly stable flame. By way of
example, one such burner has an overall length of 275mm and
a diameter of 76émm. The noise it generates is less than

that produced by a fan supplying the air required for

combustion.



I ntroduce the air and fuel to the burner casing as counter flowng jets,
i.e. the t J9%Ez°63i npi nge on one another. As shown, the gogéh&nipfoVvi de
di anetri cal l'y-opposed jets. Such inpi gpging jets ensure very effective
initial mxing in the burner casing. Basically, highly turbulent flows -
are created in the rearward end of the casing 11, which provi des a

m xi ng chanmber of CEAEMEE| cant | ength between the nozzl es 18, 20 and the
outl et end of the flane hol der 30. By the tine fuel/air introduced by
nozzl es 18, 20 reach the flame hol der 30, they are in a conpletely m xed
condi tion WO 99/ 66263 ) .

PCT/ GB99/ 01910 1- A burner for combusting gasgens fBixEwreecefand

conpl et e combusti on. ..The operation,and output of the burner 10 can
be  controPPEGOPR \fé’r‘?lodél"r}hy%. se§l§>r1§599,rl ENEPITE 188p FaF i §UCh 8% ncl ude

rossur o 1 aREdaER, TS - (OB RN S, e e ol Hilol SRER EEPEe i e, a
sas ooster She, (AR Mg ies AP S e L { DB ospee
O el e O HbiBegOnod! 28 ShAB Fded WY Whe adfiodtt® QU Ghdn PLEESU" o
(11’), the flame holder (30) being traversed by passageways
(52, 54, 56, 58) for the gaseous mixture, the burner (10)
having inlets (14, 16) adjacent the closed end (11")
connected to combustion supporting gas and gaseous fuel
supply lines, one of said lines having a control valve
operable for controlling the size of the flame, the said
one line having a pressure or flow transducer and the other
line having a variable booster or restricter responsive to
the transducer, for balancing air and fuel supplied to the
burner (10} to ensure the gaseous mixture remains
stoichiometric irrespective of the size of the flame and
such that the lowest gaseous fuel mixture flow rate is at
least as low as 1/60% the highest flow rate of the gaseous
fuel mixture each passageway (52, 54, 56, 58) having a
flared exit (60) at the end nearer the open end (11') of
the burner (11) each passageway being dimensioned such that
at the highest obta;nable flow rate of gaseous fuel mixture
the flames do not lift off from the flamer holder, at the
lowest flow rate the velocity of the gaseous fuel ﬁixture
at some point within the passageway (52, 54, 56, 58) is

sufficient to prevent flame back through the flame holder.

T O YO




mai ntain the desired stoichionmetry when turning down the burner using

the air. g{g}& 56%%63 val ve. Wth such an arr angenment pcirjtoopioys val ve
to be oper 20 he air control valige- Alternatively, the -

burner could be controlled by a single valve operating in the gas supply

line instead. In this case, the gas i;éﬁsure or fIOM/Hf,dete m ned by a
transducer which #s usBdbPUEFBEEN DI 44 r 1Br EYuRFGeAIng 28y RBy of

! Fan' brB BRI LSl | P98 sl ARG B8, haReENE" '€

b , €.0. ' bqi.J It i t.ed _that ai f

o o BomoaeBeRerli TG Bou, bobB: S TR0 Ji A0d, byl 0o

‘g’g;"r gcfevgﬁ%@?gﬁ%ﬁ% K ggﬁ'%u%ﬁ% R8T Ty Enfd e Cueel1hp the
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app?iance,
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burner 10 as .éggrFgggscgupéx%gggﬁgpgyggtgﬁgéetpﬁ.1higbgnéﬁﬁ' .

gQgh grdgfff%h% 9}ﬁﬁ€3$é1&é¥”?§U3ﬁakhe'méﬁéﬁﬁngﬁﬁéiﬂﬂaéyéfé?“zoqrhﬁvﬁﬁ&er'“9
orifices (22, 24) with flow cross-sectional areas

correlating to the stoichiometric ratio of air-to-fuel for

which the fuel is substantially completely burnt.

3. A burner according to claim 2, wherein the inlets
(14, 16) are disposed in the tube (11) for delivering air
and fuel in directions which impinge, to create turbulence

and mixing inside the tube.

4. A burner according to claim 3, wherein the inlets
(14, 16) are located diametrically opposite one another in

the tube (11).

5. A burner according to any of claims 1 to 4,
wherein the ratio of the flow cross-sectional 'areas of

orifices (22, 24) is 10 to 1.

6. A burner according to any of claims 1 to 5,
wherein the flame holder (30) provides a mounting for an

.igniter (32) and associated ground electrode (34).

I




| arger systens for industry, a given furnace, boiler house, reactor or

the like oBﬁ%He many such burners 10, which w | | nggtmﬁgg,g%gé ently

be coupled to"comon air and fuel mangef ol ds. The "burner shown
in the drawi ng burns remnarkably quietly, thanks to the highly stable
flame. By way of exanpl e, one such_burner has an overall length of 275mm
and ‘a diameter df- 76AnPUYREYnafcerdingdiferclaia i6s Mhegeimathe fhame

roduced b fan supplyin he air required for conbusti on. WO
89/ 66263 y %ol%er (%%)y fugct er providgs a moppfingodipylempgionization

- 14 - Al NVEB: 1. A _burner for , conbusting gaseous
m xture of PTY 55(4%5% £QT) dfFeRting WRRNF M CaxheR rin Adigdlam@ch as
oxygen or air, conprising a burner tube (11) open at one end (11') and
closed at its other end (11") with a flame hol der (30) at which fuel is

burnt adj acent the ope (211 the fla hol der (30) being, traversed
by passageways %(’52, ﬂsiﬂﬂg)ber 5%31‘3‘%%‘?1’{%9&%;3”38&@ 'xt%’?e?ofnﬁéngﬁf"ﬂﬁr (10)
having inletg,;¢34,,1 Lac t segd e (N onnect ed t
conbust i on sﬁvﬁg%‘r t5 ngbgggbgngggas%%@ue‘%gp& ddublea tY'"H5E *Brbbe

(40), in use for interrupting the fuel supply should the

unburnt carbon exceed a predetermined level.

9. A burner according to claim 8, wherein the valve
is in the air supply line and a booster or restricter is in

the fuel line.

10. A burner according to claim 9, wherein the valve
is in the fuel line and a variable speed fan is provided in

the air line.

11. A burner as claimed in any preceding claim
comprising two or more radially nested tubes each pair of
adjacent tubes defining therebetween one of said

passageways of the flame holder (30) for the gaseous fuel.

12. A burner as claimed in claim 11, in which the
tubes (30a, 30b, 30c) are held in position relative to each

other by one or more transverse pins (33).

13. A burner as claimed in claim 12, including a

[
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supply lines, one of said |lines having a control valve operabl e for
control |i ngyébgeakxe of the flane, the said one |ine haWdgcRooRiasSUr €

or flow transducer and the other lijpe_having a variabl e booster or
restricter responsive to t he transducer, for balancing air and fuel
supplied to the bur ner 0)_tgo ensure the gaseous m xture renains

stoi chi omet r FERFFREsBREE ¥ fatﬁ’laag?gee’f)‘ft‘t he flanme and such that the
| owest gaseous fuel mxture flowrate is at | east as |ow as 1/60[err]

t he highest flow rate of the gaseous fuel m xture each passageway (52,

(11 i 65; 581 the B%%E‘erA(%ﬁeﬁﬂa?k—Qggg‘%&% BaF S R LR
Go not 1111 SPs "FRoR ERER, 114 BB 2 n e TectiThal Eobbion aLpEoeas

do not lift O romt

vel ocity of {he;gaseoasy fdifle o Yharicall wa2IE WO Y Wd Baraliie1PRESAgERY
(52, 54, 56, 58) 1s sufficient to prevent flane back through the flane
hol der . th¥0188566d68nal axis of the flame holder.

PCT/ GB99/ 01919 - 15 - 2. A burner as
clainmed in any preceding claimon which the inlets (14, 16) being
furnished with netering nozzles (18, 20) for separately delivering air
and fuel

A



non-axially, e.g. substantially radially into the tube (11) whi ch forns
a mxing z en the inlets (14, 16) and the fla 0), the
metering n %9%?}6\('9‘?8’ 20) havi ng orifices (22, 24) n:/a\nyé?ﬁbgﬁﬂéévé -
cross-sectional areas correlating to the stoichionetric ratio of :
air-to-fuel for which the fuel is subgstantially conpletely burnt.

3. A'burner according to claim2, mh?r Un the inlets (14, 16) are

di sposed in the tube (11) for deliver air and fuel in directions

whi ch i npinge, to create turbul ence and m xi ng inside the tube.

4. A burner according to claim3, wherein the inlets (14, 16) are

| ocated dianetrically opposite one another in the tube (11).

5. - A burner according to any of clainms 1 to 4, wherein the ratio of the
fl ow cross-sectional areas of orifices (22, 24) is 10 to 1. 6.
A burner according to any of clains 1 tF_gl wherein the flame hol der
(30) provides a nounting for an I gni eN:Q32) and associ ated ground

el ectrode (34). 14

Iy —]
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WO 99/ 66263 PCT/ GB99/ 01919
- 16 - ' 97 A burner according to claim®6, wherein tpertogmoly hol der
(30) turthg?)afgv?des a nmounting for an ionization probe (40) for -

detecting unburnt carbon in the flane. 8. A burner according to
claim?7, in conbination w th a noni nd control system coupled to the
probe” (40), in use for interruptin fuel supply should the unbur nt
carbon exceed a predeterm ned | evel. 9. A burner according to
claim8, wherein the valve isin the air supply line and a booster or .
restricter isin the fuel |ine. 10. A burner according to claim
9, wherein the valve isinthe fuel line and a variable speed fan is
proevi ded in the air |ine. 11. A burner as clained in any

preceding claim conprising two or nore radially nested tubes each pair of
adj acent tubes defining therebetween one of said
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“passageways of the flame holder (30) for the gaseous fuel. g 12. A
burner as claimed in claimll, indOODONE 3 gtupes (30a, ts'_gg,'z'l']:'f."%:gv are
hel d in posiig relative Shex S BonTOr € t 1 XM se pi ns
(33). peig A bur ng%’&gs C ggﬁu@%&l Bur %%1 i‘z)ﬂ,io I ncl udi ng™ VO

By
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(57) Abstract

A bumer for combusting gaseous mixture of gaseous fuel with a combustion supporting gas, such as oxygen or air, comprising a
bumer tube (11) open at one end (11°) and closed at its other end (11") with a flame holder (30) at which fuel is burnt adjacent the open
end (11%), the flame holder (30) being traversed by passageways (52, 54, 56, 58) for the gaseous mixture, the burner (10) having inlets
(14, 16) adjacent the closed end (11") connected to combustion supporting gas and gaseous fuel supply lines, one of said lines having a
control valve operable for controlling the size of the flame, the said one line having a pressure or flow transducer and the other line having
a variable booster or restricter responsive to the transducer, for balancing air and fuel supplied to the bumer (10) to ensure the gaseons
mixture remains stoichiometric irrespective of the size of the flame and such that the lowest gaseous fuel mixture flow rate is at least as Tow
as 1/60th the highest flow rate of the gaseous fuel mixture each passageway (52, 54, 56, 58) having a flared exit (60) at the end nearer the
open end (11"} of the bumner (11) each passageway being dimensioned such that at the highest obtainable flow rate of gaseous fuel mixture
the flames do not lift off from the flamer holder, at the lowest flow rate the velocity of the gaseous fuel mixture at some point within the
passageway (52, 54, 56, 58) is sufficient to prevent flame back through the flame holder.




