LOW NOx BURNER CROSS- REFERENCES TO RELATED APPLI CATI ONS [ 0001] This
application is a continuation in part of U S. Patent Application No.

11/ 067, 3 WD 2medBas1February 25, 2005 for an "Energy Effi ecerus2e0oxmwiddx Bur ner
and Met hod of Operating Sane", the disclosure of which is incorporated
herein by reference. BACKGROUND OF THE | NVENTI ON [ 0002] The present
invention relates to low NOx em tting burners which are conpact, efficient
to operate, and enploy furnace gas recirculation inside the conbustion
chanber of the furnace to redbd@WXOaBURYER [0003] Furnace enissions
are of great concern because they significantly contribute to atnospheric
pollution. A large source for NOx em ssions is burners as used in |arge and

smal | furnaces, m@%@hl;%ﬁqubemﬂgr%g} ﬁf’ﬁgléﬂﬁﬁﬁfs used for

generating el ectri c powe eamoperated turbines is well known
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the additiconal “arr owers e over tenperature of the flanme and
the furnace gases generated thereby. [0004] Another approach to | owering
NOx em ssions is to mx the conbustion air for the burner with flue gas

going to the exhaust staghkcdOr®Uhest aie msveRTied flue gas recircul ation
(F&R). Flue gas typically has a tenperature in the range of between about
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substanti al | y i ncrease the overall volune of gas that nust be transported
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the temperature of the flame generated by the burner inside the furnace. Conventionally this
has been attained by supplying the burner with excess air over what would be required to
stoichiometrically fire the fuel, because the fuel must heat the additional air, which lowers the

overall temperature of the flame and the furnace gases generated thereby.

20  [0004] Another approach to lowering NOy emissions is to mix the combustion air for the
burner with flue gas going to the exhaust stack. This technique is called flue gas recirculation
(FGR). Flue gas typically has a temperature in the range of between about 200° F to 400° F.
Recirculated flue gas lowers flame temperatures and NOy generation, but in excessive

amounts causes flame instability and blowout.

25  [0005] Both of these approaches can be used individually or in combination. However,
large amounts of FGR that might be necessary for reducing NOy substantially increase the
overall volume of gas that must be transported through the burner and the furnace convection
section. This in turn requires larger blowers and conduits, including the common windbox
outside the front wall of a burner, to handle the increased combined mass of air and FGR with

30 an elevated temperature that must be transported through the system. This increases initial



energy requirements of the blower, all of which is undesirable. [0006] As
di scl osed in the above-referenced, copending application, high anobunts of
FGR t hat wo2bodne4s1eci rcul at ed can be reduced by recirculpatriusgosbonaace gases
internally of the conbustion chanber.2This has worked well in reducing NOx
em ssions and has the advantage that it reduces or elimnates additional
ener gy IRSRlHER §0%S 25 Velf aTubseqiRal onesatioafar aipfanance fagts deniouhs Ingrrasgdr
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requires shifting more toward the discharge end of the tube that is usually not optimal for

achieving the lowest NOy emissions.

20 BRIEF SUMMARY OF THE INVENTION
[0007] The present invention further improves on the low NO, burner described in the
above-referenced copending patent application in that it eliminates the need for a tube
enclosing the burner and simplifies the construction and operation of the burner as described

below.

25 [0008] A low NOy burner constructed in accordance with the present invention is installed
in a furnace that has a furnace wall which encloses the combustion chamber of the furnace.
The burner is installed on a wall of the furnace and extends through an opening therein into

the combustion chamber, where it generates a flame.

[0009] The burner itself has a combustion air spinner that is wholly disposed in the
30 combustion chamber, and its downstream end is spaced a substantial distance from the

furnace wall, as is further described below. A combustion air tube extends into the



furnace wall, as is further described bel ow A conmbustion air tube extends
into theconbustion chanber, supports the spinner, and flows conbustion air
from a cowbusddmiai r source outside the furnace througlrctrhms2epiomaer i nto
t he conbustion chanber. [0010] A plurality of air ports, preferably six,

but nore r | es n be use ext ends omthe furnace wall into the
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downst Aeanfhersginger athe firpaeerwalb t hat fuel gas is discharged into the
conmbusti on chanber, where the fuel gas becones m xed with conbustion air
from t HeoKpi nhetable MaEShetAten adistenoaie psecblodk terebusipu dirifsorh dloaiegifirom each

pocket ace between adj ace ir ports, and,extends fromthe fuel source
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spud i e hdy spaced fromthe axis of the burner so that it is |ocated
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[0013] At least one second fuel spud is located in each pocket space between adjacent air
ports, and extends from the fuel source past the furnace wall into the combustion chamber.
20  Each second fuel gas spud is radially spaced from the axis of the burner so that it is located
proximate a radially outermost portion of the adjacent ports. Each second fuel spud has a
downstream end that includes one or more fuel discharge orifices disposed inside the
combustion chamber and inside the pockets, downstream of the furnace wall and upstream of

the discharge ends of the air ports.

25 [0014] The aerodynamic forces created by the second fuel jets and the air flow discharging
through the air ports cause a circulation of combustion products (hereafter also referred to as
“furnace gas”) from the flame in the combustion chamber back to the furnace front wall.
During this circulation the combustion products partially cool down due to the heat transfer to
the furnace water tube walls. As a result, fuel gas propagating from second spuds through the

30  space between the air ports mixes first with essentially inert reduced temperature furnace gas.

This non-combustible mixture is further mixed with combustion air from the discharge ends



the furnace water tube walls. As a result, fuel gas propagating from second
spuds through the space between the air ports mxes first with essentially
i nert reduoedowsnper ature furnace gas. This non-conbust ipbirarspiostowser i s
further m xed with conbustion air fromthe di scharge endsof the air ports
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to dir elatively .mpre fuel s through the.second .fuel t han
the fi ﬁ@él#]ue eg%‘gn%dgﬁgﬁ‘ef Bﬁf%?&?’ r?ssé)&ag?%d\gﬁ%%fﬁ?lg > ‘éa%? grsréeg@?tf% %llrjagiser red
embodi pBiati0élylcbepledviemith®fuel bAvssoltternad id &t tdidiest selithiclydmsed fuel gdsuel gas

spuds with nozzles that are disposed inside the respective air ports. The

thi pd frenglyths saennd fuel ses spylsdbanthg fissiduelieas spudsports centerlines -
typically multiple nozzles in each air port arranged, for exanple, along
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to forma non-conbustible fuel gas/furnace gas mxture that flows in a

downst seanualingeir soeamsowar ds t he spi nner. Downstream of the air port, this
m xture is further mxed with conbustion air fromthe air ports and forns a

fuel ggedrynbisd é@Rerahédtiontdpeckettserweont et p&reurd Cirtgifetetially opdie
exi sting flame downstream of the spinner. [0018] For specific applications
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etc.  ports, where they mix with fuel gas to form a non-combustible tuel gas/furnace gas mixture
that flows in a downstream direction towards the spinner. Downstream of the air port, this
mixture is further mixed with combustion air from the air ports and forms a fuel
20  gas/combustion air/furnace gas mixture that can be ignited by the existing flame downstream

of the spinner.

[0018] For specific applications it may be desired, or necessary, to deliver to the windbox a
mixture of combustion air and FGR. This alternative is preferably limited to applications
where particularly low NOy emissions, below what can be accomplished with furnace gas

25  recirculation alone, must be attained because it requires larger and therefore more costly

blowers, ducts, windboxes, etc.

[0019] In operation following the initial lighting of the burner, the flame generated by the
burner is anchored on the downstream end of the spinner, relatively remote from the front
furnace wall on which the burner is mounted. Since the burner is not enclosed inside a tube
30  or tubular member and the main air discharge ports are located relatively close to the furnace
front wall, while the spinner is relatively remote from the wall and far inside the combustion

chamber, the flow velocities of the fuel gas, combustion air and their mixture have decreased



[0019] In operation following the initial lighting of the burner, the flane
generated by the burner is anchored on the downstream end of the spinner,
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20 BRIEF DESCRIPTION OF THE DRAWINGS
[0021] Fig. 1 is a schematic, side elevational cross-section view of a low NOy burner made
in accordance with the present invention, installed on a furnace wall and taken on line I-I of

Fig. 2.
[0022] Fig. 2 is a front elevational view of the burner shown in Fig. 1.

25 [0023] Fig. 3 is a schematic diagram illustrating the recirculation of furnace gases inside

the combustion chamber of the furnace in accordance with the present invention.

DETAILED DESCRIPTION OF THE INVENTION
[0024] Referring to the drawings, a furnace 2 has a front wall 4 with an opening 6 that
30  provides access into a combustion chamber 8 inside the furnace. A low NO, burner 10

constructed in accordance with the present invention extends through opening 6 into the



[0023] Fig. 3 is a schematic diagramillustrating the recircul ation of
furnace gases inside the conbustion chanber of the furnace in accordance
with the woesentsséiaventi on. DETAI LED DESCRI PTI ON OF THEPCHIShIob/GMN47D024]
Referring to the drawings, a furnace 2 has a front wall 4 with an opening 6
that provides access into a conbustion chanber 8 inside the furnace. A | ow

NOx burcagbusiiprcehasbey el nmace 2awbere dalissas aillemeddopgaseingihgdtedior on ext ends
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system 18. [ 00 ferrj ow specifically to Fi 1 and 2 rner 10
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tuhe Z%Obiéatﬂde?@Lsmeﬁh{e@eledmcum@iqhtoahé gombligioiRUMhb6/ion flacghat e 28. An aft
or upstreamend 30 of the tube is open, extends into wi ndbox 14, and has a

danper rearaftien sygemys. used to adj ust the flow of conbustion air into the
tube, as is well known to those of ordinary skill in the art. [0027] At its
downst r{@ens]enRefddingt dvev fpecifienlly ubBigs.uppel2, Hutnee d0hasin eongited spharmxis 36

whi ch has a downstreamend with the spinner. blades 38 The c ustion air
tube i £2UinEh alsent thy aKising 258 Refton el U AR 13 P BRE Y %ﬁétag[%btﬁh%r is
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[0027] At its downstream end 34, the burner tube supports a combustion air spinner 36
which has a downstream end with the spinner blades 38. The combustion air tube is
sufficiently long so that the downstream end of the spinner is located at a substantial distance
20 from furnace front wall 4. In one embodiment of the invention, the burner tube has a
diameter of about 6.5 inches and the downstream end of the spinner is spaced from the
furnace wall approximately 44 inches, so that the downstream end of the spinner is spaced
from the furnace wall by slightly less than six times the diameter of the tube. For most
applications, the distance between the furnace front wall and the downstream end of the
25  spinner will be in the range between about four to eight times the diameter of the combustion

air tube 24, although for particular installations and purposes and furnace configurations this

range can be greater or less.

[0028] In the illustrated embodiment, a plurality of six center fuel gas spuds 40 are

circumferentially equally spaced about the periphery of spinner 36, they are held in place on
30 the spinner by suitable spud holders 42, and their downstream ends 44 are spaced from

furnace wall 4 at least as far as downstream end 38 of the spinner and, preferably, they extend

slightly beyond the spinner, as is illustrated in Fig. 1. The downstream ends of the center



applications, the distance between the furnace front wall and the
downstream end of the spinner will be in the range between about four to

ei ght timeebéveizdéianet er of the conbustion air tube 24, pairtusesgh4dsor
particular installations and purposes7and furnace configurations this range
can be greater or. less, [0028] In the jlJustrated enbodinent, a plurality
of si x sBedsthave priirestisiray yduchfnehges 1g fi}seleﬁ%%{ Bt F%SISWV 188 ﬁ’élr}fogw Eaﬁg‘é‘gd about

the perﬂhBG%ﬁ ﬁw%hnégfr g&igyélﬁﬁgltgtﬂﬁy%%fgam&&t&@ﬁ?& %Cfﬁli% cBﬁ'ﬁle@ [ ﬁ'ﬁ?éafsby

suitable s a ei r downstream ends are spaced from
f ur naceowat l12 Ahatvnlie &84, 1as afcaculas fidb gamstuppbrubanor B8nigfld 1@ spi nner and,
preferably, they extend slightly beyond the spinner, as is illustrated in

Fig. 1 i‘é@iﬁ qgméﬂru%ﬁb@&%o&hem%_p@lﬁaﬁ@rﬁgw@omﬁﬁo@aﬁ bbeeSo ﬁﬁmfeﬂfb?emi ch

fuel g di scharged into the swirling air flow passing through t

spi Ainerlongated pendutrrecicuadeshtidictquelynspaced phehticembhstiog| ajr wbeip.ed it o f uel

gas souyrce 12. sho in Fig. 1. as circul.ar. fuel S Su ub r

mani f ol°§S' 54! 1“[%52%/]“]3?"}? at“hgorf ¥ ﬁ@i‘%atfye@g]@hﬁ&ﬁeﬁ%m ,%tgr ‘BIPIESP% ’i5:6yan§1§ Si x
conbusty MR 52l MheeFJss-seionVriRkiPYor® 10 gRtRIdn addistréand iRe@ionWy @S walls al |y
equal |y spaced about conbustion air tube 24, as is best seen in Fig. 2.

Each ai52 spdhat apgipsteganeendsiB ofalie airppriihama dargerdrresstseetionathps a gawnsgiaghd si de

| | 2..Th -seGt i f.the aj 1S, 1.5 ' ;
At e PEREIE FABO NIRRT 180 bR oAl BB Sule Rl GPBEP IR BT T
| anger thd ORSMSRE Wall Botofde r fanestidantiésataogdustich GAntbees def.thdhe

di scharge end in turn is tapered (as best seen in Fig.. so t hat tHe

out er mostermas walkShtheraed Ahus tansr indugcesshbias e epBbustpR élréiﬂ%ﬁ% thropehdhanber 8
than the | itendt | i ROH 66 S hASn tt O
conbus?ﬁ.ﬁQQSi %ﬁ%%%%f%ﬁgﬁgﬁ&fﬁ%¢g%ﬁh%5??§ﬁ1]?ch d?rects the air flow

t owar dslosynsta¢eat sidé of the spopet.i on by the flame on the downstream side of the
spi nner. [0030] For typical burner constructions in accordance with the

presen t[Oé)ifO! N4 QP MRInRP 6N MRS Bcdritinta Gatl the PleswalihvehtidRdné he
di scharge end 60 of air ports 50 is in the range between about one-fourth

t 0 16ne-shadifg bétwedi Sraavedrdne wall drandibe fligehrageendh( ofzmtpatvidsis ictmrargd 38 of
i 36. | i | f d di f t i i th
P orersseahat SR i el 6 Bl BN TR e b b YRR R 0

downst regangefidpiahet 3% 18 RIipaRRSuldrE [SoReRd efrbollinghest theldnewass, thdigis gortanges
can be exceeded upmardly or downwardly should this be desirable for a given
i nst al |dagchasige end is spaced 16 inches from the furnace wall, while the downstream end of the

spinner is spaced 44 inches. However, these ranges can be exceeded upwardly or

20  downwardly should this be desirable for a given installation.

[0031] Between each adjacent pair of air ports is a radially outwardly open space that is
closed in an upstream direction by burner plate 28 and heat insulation 62. The spaces
between adjacent air ports form pockets 64 which are closed in an aft direction and also
substantially in a radially inward direction and which are open in the downstream and radially
25  outward directions, as can be seen in Fig. 1. As a result, effectively no combustion air from

windbox 14 flows into or through the pockets.

[0032] Center spuds 40 extend through burner plate 28 into and past pockets 64 to the
spinner in the combustion chamber. An additional set of second fuel gas spuds 66 is arranged
close to a radially outermost portion of pockets 4 which is proximate outer walls 56 of air

30  ports 50. The downstream ends of the second spuds have orifices 68. Downstream ends of
second spuds 66 with orifices 68 are located in the combustion chamber just downstream of

furnace wall 4 and upstream of discharge ends 60 of air ports 50 in pockets 64. Upstream



[ 0031] Between each adjacent pair of air ports is a radially outwardly open
space that is closed in an upstreamdirection by burner plate 28 and heat

i nsul at i omo@8o9/iBa@sspaces between adj acent air ports fororpsedensossz whi ch
are closed in an aft direction and al 80 substantially in a radially inward

direction and which are_qgpen in the downstream.and radially outward
i ¥ oot 1B 1 SeSun o deqBanv Rt 1 IIGOucr QUK e et L8 bR cHgar
CO”bUStfgég%géghaasfféﬁmzﬂ TdPOss jcﬁit b MRuERbALSSs dShRHTRtd firkereket s. [ 0032]

Cent er extend throug arner plate 28 into and past pockets 64 to
t he spi r in t.he copbustian_chanber. -An addit.ional set of cond fuel gas
spuds 6@&§% a&ﬂaﬁgﬁﬁoggﬁigﬁﬁﬁ7 1§@ﬁ§§¢ﬂ¥aﬂﬁmﬁﬁdﬁ§?eSE%@P&W“&?F ckets 4

whi ch S iMeh B aRH 18z 1Wal e 43Rt Xk ichls uBRfEReRAo i BowWanbaidneam ends of

t he second spuds have orifices 68. Downstream ends of second spuds 66 with

ori bi cesefo@bhyraongihatcenteilimeofi thecinbrs thiongl Herdirepor ansthad dusl ges disehasge
furnace mall .4 and stre f..di scharge. ends-60 ©of. .air po i n.pockets
64, " UparyesEhain rosBRnL SR b PR 22 R Rlia aPRiifiodi B 15
the forsapsll 12 i @00 oF b eMtB cirbuel fughgastBaifodd t2cl Abachiped 7Dapiciythang

t hrough orifices 68 flows into pockets 64. [0033] A third set of fuel spuds
72 i s prdtiplesioharge osifigesd7s that ate plagedalang thearentesines of therpdn RRIE sThesied ongat ed
nozzl e e. f4 r g i rectd erably
o ong e NEaffubl R SEHET IR LR terb ki) Ot kb BT D 2
di ohargeneaiit dticags ObficeArToast caneriiaeskhdiBfacd intthe dirbitiod ofekis@R aspud®wi? i s
fluidly connected to fuel gas supply 12 in the formof a third, circular
fuel gé@lﬂﬁﬂrfold 12c. Each spud 72 typically has multiple discharge
orifices 78 that are placed along the centerlines of the air port. The size
and | 0oqé@34n Infust hwmioztdresir flews fiosewirtdbox ¢ streugnaiapprtoX? past disghargé f or m

di stributi of fuel .in the aj.r stream.Ojfices 7 ave centerlines that
face | FIEHE0 HreeCd A0 GRS Hamaliies a5 Sl g EC P BT [1iEge,
combustzisQn ¢ dir HdeVreSnPBRMRHRPesknkt O EPME RoMblstRAIASIHP tikdsd  di schar ge
ends 60 thereof in a downstream direction as earlier described. Gas

di d€hamgepardensl & thalsesond poivier pfidie airrvelnsity srpindgentle deres (VfredpaminiBEE st ance
to! Cglt igi?%s;i;&%i,cggtﬁ L4 Azrgglagc'&g‘gngi@ REBRRL 44 %%cgtg)ﬁ.tmeréﬁl%oc?sﬂssl%g&?qnu the

noz u OmnimzZe 1S resistance, es 74

are pl ageslr poss de thdyRanoperserdfeudr teakio2a) isaubshetatly bt thgsths emisi-on of the
air ports (in the plane perpendicular to axis 22) is substanti?ll gr eat er
t han t Isectiongfdbeair pey at discharge end 60 so that the air flow velocity past the nozzle tubes 74

is substantially less than its velocity at the discharge end.

20 [0035] A pilot 80 shown on Fig. 1 is appropriately located inside at least one of the air
ports 50 and activated for initially igniting a first portion of a combustion air-fuel gas mixture
formed downstream of the fuel gas nozzle tube 74. The flame originated by the pilot further
extends past the spinner discharge end 38, where it ignites the rest of the fuel delivered to the

burner.

25 [0036] A fuel gas flow regulator 82 receives fuel gas from source 12, directs controlled
quantities of the fuel gas to fuel gas manifolds 12a-c and controls the amount of fuel gas
delivered to each of the manifolds. For typical, normal operations of the furnace gas, the fuel
gas regulator delivers between about 5 to 20% of total fuel gas requirements to center spuds
40, between about 30 to 70% of total gas requirements to outer spuds 66, and between about

30 10 to 40% of the fuel gas requirements to the fuel gas spuds 72 inside air ports 50.

[0037] For start-up of the furnace, burner 10 is activated by initially blowing air from

windbox 14 into and through combustion chamber 8 of the furnace to purge the combustion



of the air port at discharge end 60 so that the air flow velocity past the
nozzl e tubes 74 is substantially less than its velocity at the discharge
end. [ 0035D 2009pi3keas 80 shown on Fig. 1 is appropriatelypcoasbedosnasi de at
| east one of the air ports 50 and actpvated for initially igniting a first

portion of a conbustion air-fuel gas m x d,downstream.of the fuel
gas nofg?‘réb?r&gény?gueﬁ’fﬁéi”ﬁ? gl‘?é“lﬁ‘?’l |pﬁe<§F’étdLH5|W?"gﬁ é’g%Fé’PmF&ratfﬁg eyt ends p;st
the s p'cﬂﬂl%ﬁstﬁinsaqlh@&g ehrBlgh A8 tub‘é’@@fra%d 'atr dod 'St)efﬁtottﬁkecdrﬁ@}stl@ﬁ chdiBbdr be!

delivered to the burner. [0036] A fuel ‘gas flow regul ator 82 receives fuel
gas fr amtigedr Béoﬂl&ht 80 neattlsast ont alopbléqusjhtriplgen@gtecafﬂatlh@thfatj@itergbs to fuel

gas ma |foI and ontr |.s the ano Sq deI ered each
of t e Hrivrd Bniias SEumeF o i Oelcegs AP SRRy 2 i oiGmed RO MBS el e
fueb gasificeostR QswilelehMends Qﬁf&]ﬂ@es@u@@%'touﬁartspucﬂs%a@lﬁ s @aﬁn insidk afas
requirenents to center spuds 40, between about 30 to 70% of total gas

requi r eoERbe. ffbus;meaml%;ﬂan@ a@éthealﬁdlt%bﬁ\ﬁb@ﬁ’ xbradtragiglommsreyn epd 3hef f uel gas
requi r enent e fuel I For
rart- SBTOr 1S CirorsE mp B ER 3nd el B B8l by BTG SRR AR g i+
from vmbngﬁwx 14 |nto and t hrough conbustion chanber 8 of the furnace to
purge the conbusti onchanber of any fuel residues that may be present. For
l'i ghti i i e 24 and
ai r ponflo HEFfiamPabERERR GRS IOR IR ick BI ABEAD P I 0%, P et
| eaet ereending ffol inskld thsaik pdrtt 50 gethe spiheercbebbmpeexttnguishad éurds aflecknel d

t owar ds, spin 36, .and fuel fl ow regul at or .I's. opened.to.flow fuel
gas padinieit? q’é‘ﬂtp’f”ilsd‘é"sthﬁtalrtpﬁ’étsdﬂa%‘? &S é’f&fs‘l&%ﬁﬂ@?ﬂy 48 Pilet 11a50g- e r spuds
66 and 3R érazlgn bﬁﬁfe%r&'r'éoﬁﬂﬁféwﬁtgaﬂg}hbsw fBeRiidspde donfiRti&DehankiRr BINI T ed

fuel gas extend past downstream end 38 of spinner 36, which causes the
i gni ti @and dbwn$teeafrued spgm;r 8fiifed by fltﬁ,lf Tl thﬁlspudsga“éh@blmgram qohbubtiemalr |
[ 0038] stre nner Iot 80 is turned
o 1~ TR R T AT S8 PRBerdd =t RO5t 6t he spi nner

beconmes exti ngui shed due to a lack of flame stablllty inside the air _ports
wi houtl093% pFhesepmentym of aiudd fupldatsicpming e dram Hisehargaprds of pertsp@eed | on of

the b 8 d
downst eea%om%ﬂéna?ﬁﬁ%s%%? RS 653h BRChel T8 RSE ORIy SOBRPET © &N
conbustﬂlmaceagarseﬁfrsmhﬁmqﬂmmts@)ftﬁba:omhwn@ft tlembeh advatstreara of ppinner3636 and

air ports 50.
towards front wall 4 of the furnace, as is illustrated in Fig. 3. The recirculating furnace gases

are typically partially cooled from the initial flame temperature by heat transfer to furnace
20  walls covered with tubes 88 normally arranged inside the furnace, e.g. along the walls
thereof. Some of the recirculating flue gas enters pockets 64 between adjacent pairs of air
ports 50 where fuel gas from outer spuds 66 is entrained in the furnace gas. Downstream of
air port discharge ends 60, this fuel gas/furnace gas mixture mixes with combustion air from
air ports 50, which typically includes fuel gas from nozzle tubes 74 of the third set of spuds
25  72. The furnace gas/combustion air/fuel mixture flows towards spinner 36 as previously
described, and downstream of spinner 36 the mixture is ignited by flame 84 stabilized by the

action of the spinner 38.

[0040] The entrainment of recirculating furnace gas into the fuel gas/combustion air
mixture results in a reduced temperature of flame 84, which in turn reduces the generation
30 and emission of NOy. This is advantageously attained without an increase in the flow into

and through the furnace convection section 16 and without a need for larger blower 92 and



[ 0039] The nonentum of air and fuel jets com ng out from di scharge ends of
ports 50 and the nonentum of fuel gas jets fromorifices 68 in pockets 64
cause a rwoinevisagison 86 of furnace gases from i nner porCITWs4dshe

conbusti on chanber (downstream of spimner 36) towards front wall 4 of the

furnace, as is illustrated in Fi_fc%. 3. The recircul ating furnace gases are
t ypi calcPydpbsiggsghatyvoudd beteapiredifithe flame tonaperatireipowld b eeduced: donsxampls,

t ransf %ﬁéfé%?;sg{%@g%o%ﬂfﬁﬁ?&ég§ﬁ%gu¥ghgg1g.ubes 88 normal |y arranged inside

the fur ereof. Some of the recirculating flue

gas ent pocket s. 64 between_adj acent, irs of air ports 5Q where fuel gas

from oﬁ@”sp‘ﬂd’é‘d’é@ni@’éﬁtﬁﬁéﬁ W@Heqlﬁﬁugﬁég #Ee8s %h&lﬁﬁ\ﬁgé‘f D018t air port

di schar : i / ipX t i i nmbust i on
s, G0GPicERy h%%% t%\ﬁﬁéﬁgu@%%a&l{t%@@tmgg‘g f\?dfelfh XS] ikENWhR

air fromair ports typically inclu gas from nozzl e tubes
74 b6f tflvevstdoimine fet af pauds itZ2isesTthe of erall depayasrecditheissilong aiixfufeedior

m xture flows.towards inper. 36..as vi ousl.y described,, and downst r eam of
P! nnero SBTERTHORPGRG L0 RO Fred bRy P Batet e e 760P BWEHEDACR on of
the spidigdratdfes pridP APdndldrRr BRLEAHBARRM: aQkry B NOY HahkNgs &pRaage §as i nto
the fuel ‘gas/conbustion air mXture results in a reduced tenperature of

fl ame 8houtdP0BhE]). rAs aresultcie cembedtonguegssaitsinaere gaslyanitietidond ofiaidawed Thi s i s
advant ggeousl.y attajned wtho an i.ncrea in.the flowinto and through
he-funBecamla S IR e i H b LB RF R Bty wRate PP PP SRY,1 over %52
andgondggyéentish.zes that would be required if the flanme tenperature would be
reduced, for exanple, by increasing the flow of flue gas recirculation 18.
[ 0041] ddictg . i i i ! hes back
ot nt (BBt NGmipdelech s L od e e b e A R R o 2000
F. Weruinht¢esgagasside the somibuiftidn chasmber somg of therfiueigas ppardidsd 6Otheicbmbastias t he

overal |l .tenperature of the resulting m xture prior to its ignifion to about
800 t 020 FIUGRrecpL M %Yaiemy{$ nBhetsgiselitnd ing epciomietsibe ﬁvetlf@%legas

tenper aky é%ssugf)fg% thePru@Neh Al stidifail/ Al biORd EhiRbc A AL ehiknd O WX 1hhafge, 1T
tenperature | bout 2500 F). As a result, the conbUstion process I's nore
eadbd | y aifnithératdotiandf flamatanperaturetland terewith ihed¥$O; trmtdnt afthednchacogast i t ut es

a signifjcant benefit attained with.the present invention 0042] |fNO x
i o SRt Bt TR0 R S drou TP B T YA BES FEPEHoI Y TP Lei 1 eul at i ng
furnace gas inside the conbustion chanber, sonme of the flue gas is added to
t he col®3i ohhe described device allows to achieve lower minimum NOy emissions with a

stable flame than other known devices that would occupy the same overall space on the

furnace front wall, and it is overall more energy efficient for delivering comparable levels of

20  the NO, emissions.



air via a flue gas recirculation system 18. The recircul ated flue gas

| oners the avail abl e oxygen supply in the fuel gas/conbustion

ai r/ reci rwol2atved4diar nace gas mxture, which | eads to a fartusesoonesiurt i on of
flame tenperatures and therewith the NMOx content of the furnace gas before

it is di scharged to the environment via flue gas treatnent 16 and stack 20.
[ 0043] { tice allows to achieve | ower m ni mum NOx em ssi ons
with a stable flane than ot her known devices that woul d occupy the sane

ovefal |l space on i he TAIRARR [Tl fakde wiWfirhace haPi8 aakdll Y £ €ner gy
efficient for delivering conparable | evels of the NOx em ssions. WHAT | S
CL A2 MERohBustionicHapbeNDside tiareall fthe burser euinbrissng ur nace having a wall and a

comjusti on chanber inside the.wall, the burner conprisi n_el ongat ed tube
f or “connecti on _td?‘neFl‘&‘&?{?&'tﬂ?eoff‘?r g?@%ﬁ?}b}% C%@ﬁﬁﬁ%ﬁ%ﬁ“‘ﬂ?@g ' 3aptsd ?‘éﬁe on the
val i angsfiddetthB dvadl 258 RgteAdhb alsubitsdtRN aRtdnk® Foihe WalllintoRhOcdhiBustieabust i on
chanber, a conbustion air spinner defining an axis of the burner and

conhectcbamber,t he tube so that upon installation of the tube on the wall a
dowpstream end of the spinner .is i §i de the.cggg)u tion %han’oert Ang,f enote
from the furnace Wa°™ Orb?lﬁﬁlﬁflp?rﬁ% ping ag aXis o fhg et and copageted X0 the i on t o
t he7coniisio @At @oh Bt Rin 3N thea0BP6E thetvinl X E@Rshtichrent RE thwadpinrenisdndite
conmbusti on chanber, downstream di scharge ends of the air ports being spaced

frof t Hee eqmbrstien whambesgad remeots Slommthe fumags welld ity of first fuel gas spuds

havipng fuel gas dj I f ' L Cinj f of the
spi %ner, and a Sg%@ﬁ%%’ﬁ‘gﬁ e‘i’%ﬂ ake?%ﬁ%ﬁ‘ﬁfsng%&s@g‘@%ﬁeétﬁ&gé%@%og%gé’}i giggh nﬁn gai r of
ai noporahg adaseptoasktdne fbem clennat imel tHewombusdn gamben uboastreant disgiedgs el at i ve

to the axis_proxi mate radially outernost portions of the air ports and
havil ng GPG%PW%F§HH’<§.’F‘§ga’é‘ﬁﬁf’?@é?"@b%‘?@?’é&?ﬁ"&h apHECPERSEe wal | and upst ream

of jbhe di scharge daeﬁlgl%lite)gof st 131\31 %%)(%RQ&H Hh%ﬁngaﬁgg%agidﬂsg\l}é@e 6lifib&s ih ol NCluding a

third fuel spud di'spos i nsi alr port ing a fuel gas
di d8hang@nivy of a2 dewhscameshdwf she spaimeafantthe di scharge end for injecting fuel

gas[4| n conbusti Ona saelccr)nc{ Ilugy\fgag%pltlg agggs%dtbg'?weaelnrea Oerl(}j acent pair of air ports,
15  adapted to be connected to a fuel gas source, arranged relative to the axis proximate radially
16  outermost portions of the air ports and having fuel discharge orifices downstream of the

17  furnace wall and upstream of the discharge ends.

1 2. A low NOy burner according to claim 1 including a third fuel spud
2 disposed inside each air port and having a fuel gas discharge orifice located upstream of the

3 discharge end for injecting fuel gas in combustion air flowing through the air port.

1 3. A low NOy burner according to claim 1 including at least six air ports

2 circumferentially equally spaced about the tube.

1 4. A low NOy burner according to claim 3 including a number of first fuel
2 gas spuds circumferentially equally spaced about a periphery of the spinner equal to the

3 number of air ports.

5. A low NOy burner according to claim 1 wherein each air port forms an
elongated conduit having a cross-section that is largest at an upstream end of the conduit and

smallest at a downstream end thereof so that, upon flowing combustion air through the

SHSW N =

conduit, the combustion air velocity is greatest at the discharge end of the conduit.



3. Alow NOx burner according to claim11 including at |least six air ports
circunferentially equally spaced about the tube. 4. A |low NOx burner
accor di ngvoeo@/Biem3 i ncl udi ng a nunber of first fuel gasTARRE®/040477
circunferentially equally spaced about2 a peri phery of the spinner equal to
t he nunber of air ports. 5. A low NOx burner according to claim1l wherein
each air port forns an el ongated conduit having a ¢rqQss-sectjon that is

| ar est at an up$trearft %Ng% bupst aeroading t%ﬂalr%ﬁamqﬁ@cgﬁg éi‘hlﬁf%‘ﬁuﬁ?étsp%%m end

ey 03\ Aeact RARA B DR SATRBLH LI Tt o 0B LNR BAREondiE

conmbustion”air vel oci I's greatest at t di'scharge e condui t. 6.
A | Bw NOx Ideatiorenpsaresarafithegdibchacdeadnchof thenadnddit mdheee thhiveldcityef thgas spud

arranged in each conduit, and wherein.the third fuel spud i S positioned
of 6o Sombebaus renie s Rl e pugu e b Praclci REebahu T T
condui t,dMEBrd@agiRCidnuRf the conbustion air past the third fuel gas

spuds is lower than the velocity of the conbustion air at the discharge end

of the conduit. 7. A low NOX burner according to claim5 wherein the
di stharge end of % he doluNOxibyrmehagreddisg ta elaim & wheaiiathedigahergerepd of por ti on

of the conduit.extends further.into the combustion c [ .radially
b iSRS R MR R SR P A TR Rl R S

di sghargeehnitiefivh Bigindber tiRard ralli@uaidrhba pdaiondthe SondAitlfonbibdig therfloey
according to claim 1l wherein the discharge ends of the air ports extend
bet theenf sopbestipaaindischaged frophhe girgroaifewaplsitheinidie furnace wall and a
downstream end of the spinner. 9. A low NOx burner according to claiml
inckuding a pilotg lig i I NSk Lk PO, : Jj oLt

i sthar ged 1 om the. £r 1 ROy RS kAR (FUER R« R ANk RL

f ur dacehe difporfs dxvendNKwamr abent 2dape 80Potad thedistastabdtedenthe fiirhavenadearvhvi ng a
wal | and, a conbustjon. chanber inside the wall conprising a spinner nounted
on a cofionusieam S’i“i Oftaﬁéplgﬂ%f' havi ng a downstream end | ocated inside the
conmbusti on chanmber at a maxi mrum di stance fromthe furnace wall, at |east

si xjel ongated, spaced-LARA NRIVurRebésoreivpsd aain alihdud@asalpliyt RgHtanged
2 positioned inside air ports for igniting fuel discharged from the third fuel spuds during start-

3 up operations of the furnace.

1 10. A low NOy burner adapted to be installed on a furnace having a wall
2 and a combustion chamber inside the wall comprising
3 a spinner mounted on a combustion air tube and having a downstream end
4  located inside the combustion chamber at a maximum distance from the furnace wall,
5 at least six elongated, spaced-apart air ports substantially equally arranged
6  about the tube for flowing combustion air into the combustion chamber, each air port having
7  adownstream discharge end that is spaced an intermediate distance from the furnace wall
8  which is less than the maximum distance,
9 a wall member arranged in spaces between adjacent pairs of air ports
10  proximate upstream ends thereof for preventing combustion air from flowing between
11 adjacent air ports,
12 a first plurality of fuel gas discharge spuds arranged about a periphery of the
13 spinner and having discharge orifices extending at least the maximum distance into the
14  combustion chamber, and
15 a second fuel gas discharge spud arranged in each space between adjacent
16  pairs of air ports, the second fuel gas spud being positioned proximate radially outermost



about the tube for flow ng conbustion air into the conmbustion chanber, each
air port having a downstream di scharge end that is spaced an internedi ate
di st ance woamdesiiur nace wal | which is | ess than the nmexirrospeodiosdsance, a
wal | nmenber arranged in spaces betweers adjacent pairs of air ports

fl ow ng

roxi mat e. ; d eof f ti i ir f
Dt hooRORiTAGEHE 4 Foant Soviae pifhe echAGFAMET SIGTC POAD GR el SsaPRle spuds

ar § angedn BRI RaRBEi WHEH Ys YhacddGopRhdRBhacRWehiNBvidishutH &ShA¢OfhieR isfleses
extending at | east the maxi num di stance into the conmbustion chanmber, and a

segt@ndtlﬁamethega@nwﬂmdais@ac:spud arranged i n each space between adj acent
pairs of air ports, the second fuel gas spud being positioned proxinate

radial | y outernostportjons the. ais _ports having a fuel gas discharge
ori #i ce for flowiSl s f&ﬁ’“@gg"ieml mtgﬁ%mg%err%oﬁns&%grﬁg chanber which is spaced

from the furnace aWatlac@wdll Bhelusthghsbabagionthambes | ess than the
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each other to define spaces between the air ports, the air ports having
di §tharge ends diasypodwstiomait genduitor Batingtdosbustizmaie fromthe pource through

12 the spinner into the combustion chamber,

13 a plurality of air ports extending from the furnace wall into the combustion
14  chamber and circumferentially equally spaced from each other to define spaces between the
15  air ports, the air ports having discharge ends disposed inside the combustion chamber which
16  are upstream of the spinner and spaced apart from the spinner and the furnace wall,

17 plates between adjacent pairs of air ports which prevent combustion air from
18  flowing from the combustion air source through the spaces between the air ports,

19 a first set of elongated fuel spuds extending from the fuel source past the

20  furnace wall opening into the combustion chamber and having fuel gas discharge orifices

21  which are spaced from the furnace wall at least as far as the downstream end of the spinner
22  for discharging fuel gas into the combustion chamber and mixing the fuel gas with

23 combustion air from the spinner,

24 at least one second fuel spud in each space between adjacent air ports

25  extending from the fuel source past the furnace wall into the combustion chamber, each

26  second fuel gas spud being radially spaced from the axis so that the second spud is located
27  proximate a radially outermost portion of the adjacent air ports, each second fuel spud having
28  adownstream end including a fuel gas discharge orifice which is disposed inside the

29  combustion chamber, downstream of the furnace wall and upstream of the discharge ends of

30 the adjacent air ports so that fuel gas discharged by the second spuds mixes with furnace gas
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air_and the
spud disposed inside each air port and having a fuel gas discharge orifice located upstream of
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the discharge end of the air port for entraining fuel gas in the combustion air flowing through

4  the air port and there forming a mixture of fuel gas and combustion air.

1 14. A furnace installation according to claim 13 wherein the regulator

directs relatively less fuel gas to the third fuel gas spuds than to the second fuel gas spuds.

1 15. A furnace installation according to claim 11 wherein the discharge

2 ends of the air ports are slanted so that a radially outermost part of each air port extends

3 further into the combustion chamber than a radially innermost end of the air port to thereby

4  bias combustion air from the air ports towards the spinner.

1 16. A furnace gas installation according to claim 11 including a conduit for

2  entraining a preselected amount of flue gas into the combustion air.

1 17. A burner installation according to claim 11 wherein the furnace

2 includes a multiplicity of heat exchange pipes disposed inside the combustion chamber, and



recircul ating furnace gas upstream of the downstream end of the spinner.
13. A burner installation according to claim12 including a third fuel gas
spud di spweedoy3séide each air port and having a fuel gagcuisedange7orifice
| ocat ed upstream of the di scharge endisof the air port for entraining fuel

gas_.in the conbustiqgn.air flow ng through the air port and there formng a
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furnace installation according to claim1l wherein the discharge ends of
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thesf urcn%g) isfn cludes a multiplicity of heat exchange pipes di sposed inside
t he"conbustion chanber, andwherein the recircul ating furnace gases contact
t hegheat exchangeokitioamgahespnger ¢ tHeadnibystidiecHaabkr exihhethgepinndies bef ore
the recirculating furnace gases are m xed with conmbustion air. 18. A nethod

of ¥owdpsairs Aasubsipit distanee Brmathe firpaccevdlhvi ng a furnace wall, a
comusti on chanbey. . .iL.AS] i ' G tion
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conmbustion air through the spinner a i schargi ng the conbustion air from
a d3dwndlameamtenebmtustine chgmbmer i nto t he conbustion chanber, downstream of

a wnstream end of the spinper M xing a fiyst flow of fuel gas with the
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15  chamber,

16 forming substantially combustion air-free pockets between adjacent

17  combustion air streams upstream from where the combustion air streams are discharged into
18  the combustion chamber,

19 separately flowing a second fuel gas into the pockets in a direction towards the
20 spinner, |
21 recirculating furnace gases from the combustion chamber into the pockets,

22 from the pockets flowing the recirculated furnace gas towards the spinner, and entraining the
23 second fuel gas flow into the recirculated combustion air in the pockets to form a fuel gas-
24  furnace gas mixture,

25 mixing the fuel gas-furnace gas mixture with the combustion air streams

26  upstream of the spinner to form a combustible fuel gas/furnace gas/combustion air mixture
27  which flows in a downstream direction past the spinner, and

28 igniting the fuel gas/furnace gas/combustion air mixture with the flame

29  generated by the spinner.



arranging a plurality of separate, spaced-apart conbustion air streans
about the first conbustion air flow and di schargi ng the conbustion air
st reans iwbaoddhsscanbusti on chanber, forn ng substanti alpcy/usesdwsdszon

air-free pockets between adjacent contsustion air streans upstream from
where the conmbustion air streans are discharged into the conbustion

chanber, separatelﬁ/ flowing a second fuel s into the pockets |r}
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fuel3 gdselfdassfuinatogdsheixiee) the thiadt fae gasrﬁnmsbam)g]laagar tham thhﬁrgbtﬁmkgasﬂmw forma
fueI gasfurnace gas m xture, mxjng the fuel gas-furnace gas m xture with

t he *corBdsSMagR Sl?tSF%‘H%sﬁﬁlp%i@ﬁ@ of the spinner to forma combustible
fuel gas/furnace gas/conbustion air mxture which flows in a downstream
dirgction past thg, Sp'ﬂ@@étho@d’é‘éofcﬂd’g fol Mt NEintkEIngdATAMMIRER; of the flue

gas/ conmbustion air mxture with the flanme generated by the spinner.19. A
met Bod gas evriigidigom shefughaee igtherrombuitinn ainstraaimsi ng a third fuel gas flow in
t he conbustion air streans before the conbustion air streans beconme m xed

with the fuel ga urn i i ar ger
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recircul ati ng furnace gases inside the conmbustion chanber over
substantially a full length of the burner fromthe pockets to the spinner
of the burner.



