3 Novenber 2003 1 FUEL DI LUTI ON METHODS AND 5 APPARATUS FOR NOx REDUCTI ON
10 Background of the Invention 1. Field of the Invention. The present
invention relates to fuel dilution nmethods and appar at ug Neembib2o@duci ng
t he production of nitrogen oxides during the conbustion of fuel gas and
conbustion air. 2. Description of the Prior Art. Nitrogen oxides (NO ) are
produced during the conbustion of fuel-air mxtures at high tenperatures.
An initial, relatively rapid reaction between nitrogen 20 and oxygen
occurs predomi nantly in the conbustion zone to produce nitric oxide in
accordance wth the reaction N2+02 -> 2NO The nitric oxide (also referred
to as "pronpt NO ") is further oxidized outside the conbustion zone to
produce nitrous oxide in accordance with the reaction 2NO f 02 - 2NQ2.

Ni trogen oxi de em ssions are associated with a nunber of environmental 25
probl ens including snog formation, acid rain and the like. -As a result of
the adoption of stringent environnmental em ssion standards by gover nnent

authorities and agencies, ne Iy %p ppress the formation
of nitrogen oxides in flue ﬁg?ggﬁ%&g%ﬁggstion of fuel-air
m xt ures " have been devel oped B0s ; exanpl e, met hods and

apparatus wherein fuel is burned in less than a 30 stoichionetric
concentration of oxygen to intentionally produce a reducing environment of
CO and H2 have been proposed. This concept has been utilized in staged air
burner apparatus wherein the fuel is burned in a deficiency of air in a
first ﬂgne produci ng a reduci ng environnent that suppresses NO, formation,
and then the remaining portion Bickgroundofith Inodutiad i nto a second zone. |
3 Novenber 2003 2 O her nethods and apparatus have been devel oped wherein
flue gases ar el. Eiglthifiibe)Imientiodi.uel or fuel-air m xtures in burner

structures to thereﬁye gllelselfltc em&e@x%on relates to fuel dilution methods and apparatus for

15 reducing the production of nitrogen oxides during the combustion of fuel gas and

combustion air.

2. Description of the Prior Art.

Nitrogen oxides (NOy) are produced during the combustion of fuel-air
mixtures at high temperatures. An initial, relatively rapid reaction between nitrogen
20 and oxygen occurs predominantly in the combustion zone to produce nitric oxide in
accordance with the reaction Ny+0; — 2NO. The nitric oxide (also referred to as
“prompt NO™) is further oxidized outside the combustion zone to produce nitrous

oxide in accordance with the reaction 2NO + O, — 2NO,.
Nitrogen oxide emissions are associated with a number of environmental
25 problems including smog formation, acid rain and the like. - As a result of the adoption
of stringent environmental emission standards by government authorities and
agencies, methods and apparatus to suppress the formation of nitrogen oxides in flue
gases produced by the combustion of fuel-air mixtures have been developed and used
heretofore. For example, methods and apparatus wherein fuel is burned in less than a
30 stoichiometric concentration of oxygen to intentionally produce a reducing
environment of CO and H, have been proposed. This concept has been utilized in
staged air burner apparatus wherein the fuel is burned in a deficiency of air in a first
zone producing a reducing environment that suppresses NOy formation, and then the

remaining portion of air is introduced into a second zone.



m xtures, and | ower their conbustion tenperatures and the formation of NO, .
I n another approach, flue gases have been recirculated and m xed with the
conmbustion air supplied to the burner upstream of the n j t he
above described techni ques for reducing NO, em ssions 3?@83%?%%%b8§s have
been effective in reducing NO, formation and flue gas NO., content, there
are certain di sadvant ages and drawbacks associ-ated with them For exanple,
in converting existing furnaces (including boilers) to flue gas

recircul ati on,ohhensmeis jlrﬁfagtépg%&%rhJV@RJeQr??Q?f%?pegfwﬁgg &xleSidDg Rur ner or

burners.-and/ or conbustion al owers an at ed apBarat S 1s often
requi r ed. compeneoditlf ifiesd toir dnd-af eduee s btrmen strioneese &s ddrdbly adimts firread  and

ot her co e -.changes ich require jnternal. .al ations to the
P ur macos TARLOR Bl HE0ASRAN Ehdo PRI Sad By folRaiosnat 566 R

nmodi f i catanothsr appuedch efuecofdsenhava\bety eckeidatdnid alixcdapit ek compasint ures, and
the nodified f%%rggl%ﬁ)s and burnerij1ﬁ re often nore difficult and costly to

oper at e SHFUPRRAS Umen HPsRyR 8t Mfepl aced. Thus, there are continuing

needs for i nprNedinerbiedsesaitdd aebaioatifor f@lucing@M0E EREsiDR wiRrd®t i on and
em ssions in and fromexisting furnaces without the substantial

modi fi cat§®dhavelren ellseyi in srdsingien fsmatdomundelivst grs N Beeantensgbereed.  Summary

of the | nyerthfn diAGvARl _
nmeet the needs describéd above and overcone ol the prior

art. The SRBYaREs esisting efurnsedss éintluding ebaileoy  foorflug egasc irevipctlagiorg otiieent  of
nitrogen i: i he . es . .pr ed: t he mbusti on of an at
nqgﬂlﬁ‘%ﬁoi’l l'al' %ﬁcé&%ﬁ 09??6 éxxst%g%q}%x%r gr P SIS an 85501‘5 L& 18% ﬁBUSt | on ai r

| east substantially stolchiometric xture o uel
i nt r oducédbvwans encardiatedh eppacmnscdfed equimdf Uflramedificsicnasiftealrésylt iaonpri sed of

the foll ow eps. The ¢ usti o ir is conducted,to the burner; and a
m Xi ng cﬁ%gﬁ%ag?éﬁggl rSBW(Eé’H&)(? S icaréllgl 10f 7a0¢; GHANEPS MR iGAEgC it m Xi ng
flue gasededations b hige funianacia viich Aodifiedvbimtis\wed inb@LIEGRSTHY dHanghiafiuel gas,
the m xi r}&&ﬁ anber i I’lC|éildi ng a fuel gas jet-formng nozzle, at |east one
f 1 ow mot INERRYOTaLequued £ e Myolss FaEtaatalampial \iepeaditiresg dad nibgi ng

conpar t nefidifidiefuiddes IRE blidels AASRES nths UBEAEdnd RolthPe ?ﬁéﬁt;@fanﬁ fuel gas
jet into the m xi ng chanber by way of the fuel gas jet-formng nozzle so

that fl udpfsiadhanthose theyaerlifedace are drawn into the chanmber and nixed with
and dilute th ' i: S X c ‘ t-therein. A
! ?hﬁé;'emergaa%h E&ltfntlﬁlg et Wiy Irrgx'?&tzg?]sﬁéﬁﬂ&s | %{p:a%gﬂf ok

flow notivating gas such as steamis al so arge orm of at
| east oné&educipg NGt faraation agdismisstond ilNewd fiver eA@0E furnaces without the

substantial modifications and expenditures which have heretofore been required.

Summary of the Invention
The present invention prévides methods and apparatus which meet the needs
described above and overcome the deficiencies of the prior art. The methods of the
present invention for reducing the content of nitrogen oxides in the flue gases
produced by the é:oinb’ustion of an at least substantially stoirchiometrichﬁxture of fuel
- gas and combustion air introduced into a burner connected to a furnace are basically
comp;ised of the following stéps. The combustion air is conducted to the burner; and

a mixing chamber is provided outside of the burner and furnace for mixing flue gases

from the fumace and a flow motivating gas with the fuel gas, the mixing chamber includinéa
7' fuel gas jet-forming nozzle, at least one flow motivating gas jet-forming deflector and a venturi
 and mixing compartment therein. The fuel gas is discharged in the form of afuel gas jet
~into the mixing chamber by way of the fuel gas jet-forming nozzle so that flue gases from
the furnace are drawn into the chamber and mixed with and dilute the fuel gas in the
_ veniuri and mixing compartment therein. A flow motivating gas such as steam is also

discharged in the form of at least one flow motivating gas jet
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J into the m xing chanber by way of the flow notivating gas jet-formng
deflector so that additional flue gases fromthe furnace and additi onal
fuel gas, if needed, are drawn into the m xing chanber &éﬁ]@%r%&@ each
other and with the flow notivating gas in the venturi and m X1 n

conpartment therein. The flue gases, flow notivating gas and fuel gas

m xture formed in the mxing chanber is conducted to the burner wherein
the m xture is conbined with the conbustion air and burned in the furnace.

]:I'he appaméd de ﬁfx:ﬂgﬂbl&rﬂb@r\/gﬁt\drdynoﬂliikls fhey mhegrngtg,agi Jétffbl(ﬂn@g'l deftdctol 1sghaaur ner
ur nace s ste t hout _substanti a I ng or Cl ng, exi sting-

bur ner s, adgitonalyilus gases f m'ﬁr‘i@‘3 ?"F?@C‘F FW% %ﬁtﬂ’ ’c%"é Q‘i{?gnf‘rérﬂraw g fogen
0X irrg es i mididpechambar zﬁaa?s WAtHOGhJE @theyndt Wigh ﬁ@gt@uﬁﬁlbmmu@g gdsUg lthed@smtuinghd
conmbustion.air in. t urn e.., At nmost,. .the burners may require pnor
modi 11 caPPSTESoPBLBT fHih Hhefie EpTe ok S e EiA ool Gan fetpfBBetiPe. of
t heI fl uethgaﬁlefﬁlg cftlllhm%rni@tdouﬁicteﬂgto gﬁéi bader fHiabin0ns rrgkmieul’slecionfbu@d ,witih ehe 4 of
- repl acenent_of the-burn ps. The apparatus is basically.. conprised of a
m Xxi ng. cﬁé‘%&‘f""\ma&%g‘?f& 'Bﬁl?rtﬁ'?%e fromthe burner and furnace for mxing
flue gases fr t he furnace ' tiva ga vmth he fuel gas
o e oron kit BR% Eaford fon. P bist e Bine S0 o ih BB e

i ncl udes-fiandagetysgas withbwt stﬂ)ﬂﬁﬂtﬁﬂ?ﬁﬂ@dtfyﬁfg bO répldclig e}Gﬁﬁlngﬁﬁ‘dﬂbtalra fuel gas
jet- form nozzl e for for et within the_ m xing chanber, a
flue gasgb“?efﬁ ard P dlikes B H?‘qu ttEOnca"c“tf’F‘F L%Z “ﬁ%@é’% oxjdes i it F"ng‘(“.fe?he chanber
by the fﬁéﬁidu@rﬁisby @k codbiistiBiolfRlcl Yaldnd dofBSstioR laRlin tRd furda8@shi alaet f | ow -
notivating gas jet-formng deflector for form n‘g a flow notivati ng gas jet

within &Ry gw £k BRneg gnqdifimatientdp pewmHRodpic the gﬁseé%edmsaafén ti onal
fuel gasgedyle %ﬁeeﬂugsf g”%@r} HEN Gotil aé'aﬂcgﬁfél‘gﬁﬁﬁfm@ ¢ ri and

m xi ng conpart nt therein- m Xi ng t ue gas t he ow not i vati ng
gas and réplackment of e tawr 6ips.i uz gases, flow notivating gas and fuel gas

m xture outle A fl ondui h ce-is.
connected.- to trh%a?q ugl%ggg’%gl%?l Cgfn‘pn%ed he n%gﬁéﬂﬁ% M‘lcth gsg‘%\:/%?i ng gas
condui t fiom tleohmeet amdh fowa@ &oumiadngo flug @sdsl fwvnnﬂlblfuatacmgmga‘imifs connect ed

to the flow notivati. as. inle of th Xl N nd a flue

gases. 1 oM act s 8 e tioniga e fie e L baBIRE B e Piehncer s on to
the bur nefe hifzQMRa6rectiddes 4 BRI %quﬂetgﬁis&)%ne&ibﬁ)w AN Qé@%élﬂgﬂ gomeldsad it uel gas
m xture out] et of the chanber. is, therefore eneral object of the

present [AEErPER {5 fming adackeasiet wihin theimixngehembes Qﬁﬁgaawa%ma@ov%‘r NO. ,
reduct i og thEXRIgafH drel dékbRfo QOLIBRILSS byf Makil 25 RO RAVANAEESzR finlkdh :
| nvent Oﬂaa;,tm 011(1, ﬂgxg motivating gas jet-forming deflector for forming a flow motivating gas jet within

said first chamber so that additional flue gases and additional fuel gas, if needed, are drawn into

the mixing chamber, a venturi and mixing compartment therein for mixing the flue gases, the

flow motivating gas and the fuel gas and a five gases, flow motivating

gas and fuel gas mixture outlet. A flue gases conduit for connection to the furnaceis
connecied- to the flue gases inlet of the chamber. A flow motivating gas conduit for
connection to a source of the flow motivating gas is connected to the flow motivating
gas-inlet .of the mixing chamber, and a flue gases, flow motivating gas and fuel gas
mixture conduit for connection to the burner is connected to the ﬂug gases, flow
motivating gas and fuel gas mixture outlet of the chamber.

It is, therefore, a general object of the present invention to provide fuel
dilution methods and apparatus for NO; reduction. A

Other and further objects, features and advantages of the invention will be

readily apparent to those skilled in the art upon a reading of the description of



readily apparent to those skilled in the art upon a reading of the
description of 3 Novenber 2003 4 preferred enbodi nents which foll ows when
taken in conjunction with the acconpanying draw ngs. . i ef De i ption
of the Drawings FIG 1 is a side el evational view of a° Oﬁfgmascsz@sland fuel
gas m xing chanber 5 of the present invention. FIG 2 is a side
cross-sectional view of the m xing chanber of FIG 1. FIG 3 is a schematic
illustration of the apparatus of the present invention connected to a
conventional burner and furnace. FIG_ 4,4 s a schematic illustration of the
apparatus of the present invention 10 which is the sane as FIG 3 except
that a m xing chanber for mxing a flow notivating gas wth the flue gases
fromthe furnace is included connected to the flue gases conduit. FIG 5 is

a schemati c i plefisied abn@bditlent NVhaBPIEIRIMS vHent BRePT BS @BAjuhOMRANLLAN thavhi ch
is the sane as FIG 3 except that a second flue gases conduit is connected
15 between t h¥PHPHHERE HAWNERe air blower. FIG 6 is a schematic
illustration of the apparatus of the present invention which is the sanme
as FIG 3 except that it incl &ates Deeariptignef fhaldrastinger for mixing a flow

Toti vating gas Wit N he SRSl LW AT URIAGRA SAIMECERL! Ondiig 11 ue

gases conduit and a seconc gases condul t” connecte
f ur nace Jand t dlthapres@0ientivex . FIG 7 is an enl arged, side cross-sectional

vi ew of the m xin er..for mxing flow,not.ivatin a iLth the flue
gases fromthe fu?%]a(aggr{g %1\%%Cﬁ°ﬁs"1qgf@agﬁlewé) Hleél?lx’lglgé argbf'?so?gyé‘r%ss- secti anal
vi ew t aken al ong |Fitke 3Bis8a edhellaf ilTustr2tionFbiGhe hipp&ra@s of thap@eeht Shebdtion
cross-sectional vi e(¥v of the m éib&ﬁ}eCh er for mxing flue uses fromthe

i hay

furnace and fTORFHET IOITHGIGH ™ffel gas shown in FIGS. 3 through

6. Description of Prefels£dHsraadimBrhSon] Hethprpsaalus oTUR) bicotht RFRNLGES
nmet hods__and apB_ara_t us for reducing the 30 content of nitrogen oxides in

the f1ud gase¥hisholubedaBy ahElCG oSt skt of Tixiag cgamber for mixing a flow

motivating gas with the flue gases from t_he furnace is included connected to the flue
gases conduit.
FIG. 5 is a schematic illustration of the apparatus of the present invention
which is the same as FIG. 3 except that a second flue gases conduit is connected
15 between the fumace and the air blower.
FIG. 6 is a schematic illustration of the apparatus of the present invention
which is the same as FIG. 3 except that it includes both a mixing chamber for mixing
a flow motivating gas with the flue gases from the furnace connected to the flue gases
conduit and a second flue gases conduit connected between the furnace and the air
20 blower. R
FIG. 7 is an enlarged, side cross-sectional view of the mixing chamber for
mixing flow motivating gas with the flue gases from the furnace shown in FIGS. 4
and 6. -
FIG. 8 is a cross-sectional view taken along line 8-8 of FIG. 7.
25 FIG. 9 is an enlarged side cross-sectional view of the mixing chamber for
mixing flue gases from the furnace and flow motivating gas with the fuel gas shown

in FIGS. 3 through 6.

Description of Preferred Embodiments
The present invention provides methods and apparatus for reducing the
30 content of nitrogen oxides in the flue gases produced by the combustion of fuel gas

and combustion air introduced into a burmer connected to a furnace. The apparatus of



and conbustion air introduced into a burner connected to a furnace. The
appar atus of 3 Novenber 2003 5 this invention can be added to a furnace
havi ng one or nore burners connected thereto or to a pg %glﬁém%k)such
furnaces w thout replacing existing conmbustion air fans r's and

Wi t hout substantially nodifying or replacing the existing burners. The
apparatus is sinple and can be readily installed which reduces furnace down
time and 5 installation costs. Mire inportantly, the nmethods and appar at us
of this invention are nore effective ingeducing NO, production than
prior nmethods and apparatus and are nore efficient in operation. The

met hods and apparatus utilize recirculated flue gases which are thoroughly
m xed and bl ended with the fuel gas thereby diluting the fuel gas well 10

before it is i mochiAtah BE HRAR AfurkiRE Ba il ARG fRORRRLSdodiRcRd kndkdigce.
The flue gases diluted fuel gas is mxed with conbustion air in the burner

and conbust ed® {he Pt ef spen fumraces witkaus replacing eiging foombestioangie faas oF e and
nore uni form be’&d@%&-’séddo@;thodt %u&%N%ﬁYf&Bdlﬁgﬂ%]oxoitegfabﬁg%llig e Cxﬁf?é?& r gﬁ%‘t eto

reduce the formation of pronp ner y not "achieved to the
same degree bypPRaFugisisonplaand cahBe Reddidy rnsmgechwwctlmectuh@ fdrrawd doysn timaednd

Povent o 1% [Py Mo dulo it p5BTE ARBALR B bR frdR g

chanber 10 i nolomdeffective asredadng NDQ@rddOﬁmrthﬂ‘EmiorhﬂatH&ﬁlWaﬁ@ apIﬁlrEftlllSBJmcms i nl et
connection 14 for connection.to a fuel gas conduit 16 and "a flue gases
inl et connect "OK L8°FBINOBHAM i on to a flue gases conduit 20. The m xing

chanber 20 al so i nThe!d@sthads &nd uagpaiauiaeuﬁﬁzeseaimcﬁlgde& atd aghed el 28
opening 24 in theggw receivin artnment 12 opposite the fuel gas i nl et
0

connecti on 14MhopRueliyoiixer pndfiles e‘i“’l Hae f‘&?élgaﬁﬁfqbﬁldé@l%#ﬁe@ﬂ g wall

i ncl udegy) a nogghr: EQE ErhrRaudMal 6 E6t GNEHSre HhRrs LifRedas 1d 8FRYLNITROFRAT t ment
12 so that a fuel- 25 is forned therein which extends 1nto and through

the venturi s&ees utzé fotl gaseds velnedimith togbdustion absini theviwirher Landegosttoeidd 25 by

those skilledylnif B&s Althe ﬁﬁ-ltx]a%eé ﬂgu}g ﬂ{.rﬁeeteinggtlanlreegnd%gogemn%% érgg%s%ﬁgl?tzur !

section 26 creates a pressure recelvin
whi ch causes iSI aghiegadb eBothtctf thse cﬂzrcmmcd:ﬂtruhmgh edhee ftﬂlmngmsof(mmdpi NO20 into

(e 92 recel g ChAIbg: BN SNSRI BsELAon 20 O e
flue gakes drawn i RefrimiendW X D¢ EHARES and Badit@adN e BIGH yard02,M ¥8€n t h
the fuel gas therein and are discharged fromthe m xjng chanber 10 by
chamber apparatus of the present invention 1s illustrated and designated by the
numeral 10. The mixing chamber 10 includes a gas receiving compartment 12 having
a fuel gas inlet connection 14 for connection to a fuel gas conduit 16 and ‘a flue gases
inlet connection 18 for connection to a flue gases conduit 20. The mixing chamber
20 also includes a venturi tube 22 sealingly attached over an opening 24 in the gas
receiving compartment 12 opposite the fuel gas inlet connection 14. As shown in
FIG. 2, the fuel gas inlet connection 14 includes a nozzle portion which extends into
the gas receiving compartment 12 so that a fuel jet 25 is formed therein which extends
into and through the venturi section 26 of the venturi tube 22. As is well understood
25 by those skilled in the art, the flow of the fuel jet 25 through the venturi section 26
creates a pressure drop in the gas receiving compartment 12 which causes flue gases
to be drawn through the flue gases conduit 20 into the gas receiving chamber 12,
through the venturi section 26 of the venturi tube 22 and into the downstream mixing

section 28 thereof. The flue gases drawn into the mixing chamber 10 are thoroughly

30 mixed with the fuel gas therein and are discharged from the mixing chamber [0 by



3 Novenber 2003 6 way of a flue gases-fuel gas m xture outlet connection 30
to which a flue gases-fuel gas mxture conduit 32 is connected. Referring
now to FIG 3, an alternate enbodi ment of mi xing chanbeg \REnmna} %4g30 flue
gases and a flow notivating gas with the fuel gas is shown ang generally 5
designated by the nuneral 11. The m xing chanber 11 is schematically
illustrated operably connected to a furnace 34 having a burner 36 connected
thereto. As shown in FIG 3, the m xing chanber 11 is connected to a fuel
gas inlet conduit 15, the other end of which is connected to a source of
pressurized fuel gas; to a flue gases conduit 19, the other end of which
is connected to the furnace 34 (nore particularly to the flue 10 gases
stack 38 thereof); to a flow notivating gas inlet conduit 3 1, the other
end of  whi chwiag of erfheciaed-fiel @s sotue e ddnavtidBIOEHICh H886 paRE Al a
flue gases, flow . notiv as and fuel gas m xture conduit % t he ot her
end of which g%“%‘ﬁ‘ﬁ%ﬁ?@ﬂltt’g‘ GoHBeHS%el gas inlet connection of the burner
36. A f.low control ReRbritg Al it FilsSPOSE Sitdrihte Te{?x%o&hiéﬁt Gﬁ%ﬁﬁn%%&ﬁbér e for
controlling the volume ratio of flue gases mixed Wit gas in the

m Xi ng chanbefm"leng flym gasss ppdomilew mativhtingzgag evitpthe Siehpasge ghan andtdeaertllpw

nmot i vatisng ga or I t he: .V | ow
ot vat ing oo R PR et (12 T0E M hpdiler (°iSShotBRICHR) hufied 0 ce
of conbust i onopfrably cenrgeted o cdinbaxstaﬁ(hawagablahmmé@ cmnecueé trcemmee.rsehlom a

conmbusti on ai duf er end his ect d.to.the

bur ner 36. Thfanl?‘ﬁ(; ‘!hg éih fﬁagm%aégpllssm%cm ?V\&éeglg?'g{ S‘&Fﬁ@}er gases
can be used imd tbfewknblatseconﬁedt&nleto&tsem sfigiessasizal fuel gabj brmas&aafohaﬁlt

di oxi de and t now to FIG _9, the mxing chanber | 1 is
illustrated i ﬂgdiﬁ %fg?re %ﬁgwwg? fRgneaiRdp die frrmpes Hb{mare garicyjady fodbefluf ng
conpar tient 2gasbaviacig3@ thes@f); 389 flow RbtivARBNAS tll&ccBd@PN Nt 8ehet @nd Be f uel
gas inlet con a flue gases inlet connection 25 17 connected to the

dui
flue gases i ntt"Lc‘érFﬂﬁ"i‘etCteﬂgoaﬂqépuéce off oy mastvaing By 2gA 40 ianflee gasenrflpset i on
23 connect ed ﬁl@t&ﬂﬁl&@i@)ﬂxmgﬂ Qé@-}dlﬂgreggr?dullt@}e{he%%g cf{ Zf%g'lgclirj@ €o e?feggo The

chanber | 1 is divided into two conpartnents, 21 an
wal | 29 i ncl thgduelgag mhqtrcanne@mm@frtge BEndraGmeAd ﬂDWe:oeirq:i mm 40He dfspmed das

inl et connect {hg;f}’]‘% %a'sé'écéo ﬁ&?ég fg' on rglhggr tﬁ \90'] gtﬂ\ﬁ@ eexéa%?d%é; ? h t he

conpartnment 21 nto
arrows)lsi s f ofusbghsat tl‘tehmxﬂtgd:h&hbérhe eﬂﬂazﬂcﬂv cqamibt vaive 43is dispesed ARERITIgwe Nt 21
receives fl uem%ﬁ\?ﬁ%gcg%g% ett go%d&x?% cgrocotrjlxoltlmg the {rjoeiume ratio of flow motivating
. gas mixed with the fuel gas in the mixing chamber 11. A source of combustion air,
e.g., a combustion air blower 42, is connected to a combustion air conduit 44, the
other end of which is connected to the burner 36. The flow motivating gas is
20 preferably steam, but other gases can be used in the place of the steam such as air,
~ nitrogen, carbon dioxide and the like. 7
Referring now to FIG. 9, the mixing chamber 11 is illustrated in detail. The

mixing chamber 11 includes a gas receiving compartment 21 having a fuel gas inlet

connection 9 connected to the fuel gas inlet conduit 15, a flue gases inlet connection

RS ]
N

17 connected to the flue gases inlet conduit 19 and a flow motivating gas inlet
connection 23 connected to the flow motivating gas inlet conduit 31. The mixing
chamber 11 is divided into two compartments, 21 and 27 by a wall 29. The wall 29
includes a central opening 35 formed therein and the fuel gas inlet connection 9
includes a nozzle portion 13 which extends through the compartment 21 and into the
30 opening 35 so that a fuel jet 25 (shown by arrows) is formed at the end of the nozzle

portion 13. The compartment 21 receives flue gases conducted thereto by the flue



3 Novenber 2003 7 gases conduit 19 and the conpartnent 27 receives the flow
notivating fluid conducted thereto by the conduit 31. An annul ar defl ector
37 is sealingly attached to the wall 29 over the openi@gmﬁgnmg}ggb xt ends
into the conpartnent 27. A venturi tube 39 is sealingly attached through
an opening 45 in the conpartnent 27 so that the 5 fuel jet 25 forned by the
nozzl e portion 13 of the fuel gas inlet connection 9 extends into and

t hrough the venturi section 60 of the venturi tube 39. The open inlet end
47 of the venturi tube 39 extends over.tse outside surface of the annular
deflector 37 so that flow notivating gas fromthe conpartnment 27 flows

t hrough a narrow annul ar space between the deflector 37 and the surface 47
of the Venturi tube 39 and is formed 10 into an annularjet within the

venturi tube. ghfds opad@t i1I0Na@f thd@ofbirticht CIARRRIved Lihe t Gy f hoMbaraf fildg fuel
jet 25 through the venturi section 60 of the venturi tube 39 creates a

pressure drop PHUple theraie by isecondiibtlei 4 Aenwumslratomi is2ealinglyctitachadstes f1 ue
gases 10 be dbRW0aif b QU It BenldaUss AASESxtcfBIAN dhe bnbiitRed . A Ugadigses

conpartnment 21, tﬂhr_oug_ enturi sectiton 60 o venturi tube 39
and into the MbRi3Ags scohmely attashed thnighen epénivghé’ i thi eothparenaa @@ so gmntdthef uel
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nozzle portion 13 and the fuel gas inlet conduit 15 and causes additional
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| nj ecterh | nt 0idfn %@RITd: whiHRARS B i Lh the flue gases and fuel gas in
the m xing conpartnent” 43 thereof an ?I ows into the conduit 33 which

conducts the m xt uleopetptips of He miningehager (1) BGe B ofTthe fichjat dulrbignthef t he
flow notivati , I-Ze tea into the m.xi chanmber i 1
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el gas are thoroughly mixed. Simultaneously, the flow of the annular flow

motivating gas jet formed in the venturi tube 39 increases the pressure drop of the flue

gases in the compartment 21 and the flow of flue gases into the venturi tube 39. At

the same time, if the fuel gas pressure in the conduit 15 and the nozzle portion 13 of

20 the connection 9 is low, the annular flow motivating gas jet produces a pressure drop
in the fuel gas nozzle portion 13 and the fuel gas inlet conduit 15 and causes
additional fuel gas to be drawn into the venturi tube 39. The flow motivating gas

injected into the venturi tube 39 mixes with the flue gases and fuel gas in the mixing
compartment 43 thereof and flows into the conduit 33 which conducts the mixture to

25 the burner 36 (FIG. 3). The introduction of the flow motivating gas, e.g., pressurized
steam, into the mixing chamber 11 also increases the pressure of the mixture of flow
motivating gas, flue gases and fuel gas conducted to the burner 36. The increased

pressure has the beneficial effect of allowing the mixture of flow motivating gas, flue

gases and fuel gas which has a greater mass than fuel gas alone to be handled and

30 burned by the burmner 36 without the necessity of making modifications thereto.



8 Referring again to FIG 3, conbustion air produced by the conmbustion air
bl ower 42 is conducted by the conduit 44 to the burner 36 and fuel gas is
conducted by the conduit 15 to the m xi ng chanmber 11. Zheappdpsgopf fuel
gas and conbustion ~air are controlled by conventional flow control valves
and controls or other simlar 5 apparatus (not shown) so that at |east a
substantially stoichionetric m xture of fuel gas and conbustion air is

i ntroduced into the burner 36. As described above, the fuel gas forns a
fuel jet in the mxing chanmber | | so that flue gases fromthe furnace are
drawn into the mxing chanber | | and are m xed with and dilute the fuel
gas therein. Sinmultaneously, flow notivating gas, conducted to the m xi ng
chanber | | fornms at 10 | east one jet, preferably an annular jet as

descri bed. above, sReftivalg @d‘nhi toi Fial3, feumbugias air pbdueddediheanehbiubtites gases

are drawn intp the X|n CAddi tj opal fuel i s often needed
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preferred flow notivati ng gas, but if steamis not available, another flow
Y&

moti vati ng ga®F @ caRireled By sonventanck fewrropeolutalyes 284 contralper pihge sk t he
st eam such asa@iafausVnbf QM) 95 1ERLPRAst ﬁéﬂ&%lly@?ﬁcﬁﬁﬁ%‘:'rﬁ‘ﬂtﬂ sk el of

flue gases, flow m)tlvatlng gas and fuel gas fofned m X1 ng chamnber
11 is conduct & ang cpmbusgiign aans @Godyced indo dorhgerier 3®3A8ﬁh@nb@®ﬂﬁmrs,tth@ﬁmal r
conducted to ,
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burner 36 and Ihz,E fur nage 34 and flue sef\s r&f}f or med  whi ch ﬁre rel eased
to the atnosphEvEaByPUik 8‘F’ methateg ﬁ?,skc 7y E‘o iR C

f1 owi ngltt hr oughsttolne Jﬁt[ﬁ@féragg_{ drSarmORF jeb BO8SEYbedVilbb 1] s Wit bcﬂlﬁﬁ@fal[ ar @aés vvay of
the conduit 19 co cted thereto and is caused to flow into the m xing

chanber 11 as’dg UHEVE. AT AR 1B BORUHDS chpmbred -4 ddivgraldud gag, e
utilized to CWHHeQ'neéd@@ ity QPRI WheR oflfy leJepréésbi% fgﬁ%%@ isA il QW gL vat i ng
gas mxed with the fuel gas in the m xi'ng chanb 1 so that the maxi mum

reduction of tgebpdeenvhish wedow preshige fﬁuqh@azgaéeanmﬁgmﬁee@aran@l theeprefeed o t he
at mospher e by gy, ffvafifle assBl$Q{(ﬁ§a§n issno?‘gwl g anoff%{i%wéﬁ&{ X\%gér)ﬁ) ullu@x 4,

the schenmatic |IIustraﬁ e m xi ng anber stion air
bl oner 42, . t seavbilabiecan3:; utflized ﬁmth&qxtace:M ti&nsiearmmnrémﬂ mg m:tmgﬂmlot- sarbous shown
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in the mixing chamber 11 is conducted to the burner 36 by the conduit 33. The
combustion air conducted to the burner 36 by the conduit 44 and the flue gases, flow
motivating gas and fuel gas mixture conducted thereto by the conduit 33 are mixed
20 within the burner 36. The resulting mixture is combusted in the burner 36 and the
furnace 34 and flue gases are formed which are released to the atmosphere by way of
the stack 38. A portion of the flue gases flowing through the stack 38 is continuously
withdrawn therefrom by way of the conduit 19 connected thereto and is caused to
flow into the mixing chamber 11 as described above. The flow control valves 40 and
25 41 are utilized to control the volume ratios of the flue gases and flow motivating gas
mixed with the fuel gas in the mixing chémber 11 so that the maximum reduction of
nitrogen oxides in the flue gases produced and vented to the atmosphere by way of the

stack 38 is achieved.
Referring now to FIG. 4, the schematic illustration of the mixing chamber 11,
30 the combustion air blower 42, the burner 36, the furnace 34 and connecting conduits

is shown utilizing the same reference numerals as in FIG. 3. In addition, FIG. 4



9 includes a second m xi ng chanber 45 di sposed in the flue gases conduit 19
at a point between the flow control valve 40 and the m xi ng chanber 11. A
flow notivating gas inlet conduit 46 is attached to the pgRerRd; Bhod N9
chanber 45. The flow notivating gas inlet conduit 46 includes a flow
control val ve 48 disposed therein for controlling 5 the volune ratio of
flow notivating gas mxed with the flue gases in the second m xing chanber
45. Referring nowto FIG 7, the second m xing chanber 45 is illustrated in
detail. The second m xi ng chanmber 45 ingludes a flue gases passageway 62
whi ch  communi cates with a flue gases -inlet connection 64 attached to one
end of the mxing 10 chanber 45 and a flue gases outlet connection 66
attached to the other end of the m xing chanber 45. A flow notivating gas
conpart nent 68chsiltsd secorvemixing dhgmbetvindigroseétbinghie floigedss ¢duduit [19et gasies

passageway 62 i onnected to flow .notiyvating, g i nl et connection

o The 11 ue nEen e AP USRI Sale? 4f et R il P AR Shc i P by B AEL e t o
the flue gaseislet oostuit4619 agtithed e tHel sovsndDhik gt dhaGbGS. | Theflow WotBanfect i on
70 is connected .to the flow rmtivglti ng als inlet conduit 46, The fl ue gases
passageway 625%iEr ¢Rnguit dhdncdides pdlogifonBe! wbrrEdiRpseEhess for kartroingnnul ar

end por &i on 7@ Gloldrhe rdto0YY IR inYdHvhiteh GASMARAPHT MRMud BaX i MiSsechitf O t he
flue gases outlet connection 66. A plufality of orifices 74 which

communi cat e tFEAS GWNEBttvat i ng gas conpartnent 68 with the interior of the
[lue 20 gases out|glrfAPRSH'S P00 uiEech ARRH RLAHAM 45 REIRNMNAL £0
t 68 i’ch 8s 1 nto the

portion 72 of the conpartnen exten ue gases
connecti on 66TheTsecandi fuixims chdambéruAftindnddsoaf Duengateswpassdgeway i 61 vgdsh j et s

within the fl out,l et, connection 66. S0 hat ,f|l ue S are .drawn
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wi t hi n I0he f|deampaséS anditl fale goan@clt odhneGicantk hibehebdthetotid) end Dfannect ed
.4 is identical
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except that ag@idbepnslsuftb@ls HB Y abdOpARFeivdy BhXRE Wi doindcha o yer@@ses in
the second m xi ng chanber 45 prior to when the flue gases are m xed with
f1 ow noti vat i R REE gadinfehemngeion7R. The fipg gases Bipt apduilgt eonantions ¢4 andrhe
s ) onal ) QUBLINELIR, B ah ) SRR 50 W Al D0
NovenbdP 2003connection 70 is connected to the flow motivating gas inlet conduit 46. _ -

The flue gases passageway 62 diverges towards the outlet connection 66 so
that an annular end portion 72 of the flow motivating gas compartment 68 extends
into the flue gases outlet connection 66. A plurality of orifices 74 which
communicate the flow motivating gas .compartment 68 with the interior of the flue

20 gases outlet connection 66 are spaced around the annular end pértion 72 of the
compartment 63 which extends into the flue gases connection 66. The orifices 74
function to form flow motivating gas jets within the flue gases outlet connection 66 so
that flue gases are drawn through the flue gases passageway 62 and mix with the flow
motivating gas within the flue gases outlet connection 66 and the conduit 19

25 connected thereto.

The operation of the apparatus illustrated in FIG. 4 is identical to the operation
described above for the apparatus illustrated in FIG. 3 except that additional flow
motivating gas is mixed with the flue gases in the second mixing chamber 45 prior to
when the flue gases are mixed with flow motivating gas and fuel gas in the first

30 mixing chamber 11. The additional flow motivating gas is injected into the second

mixing chamber 45 in the form of a plurality of jets which function to draw additional



10 flue gases into the flue gases conduit 19. The flow notivating gas-flue
gases m xture formed in the second m xing chanber 45 is conducted to the
first mxing chamber 11. The resulting mxture of flowsRRlL¥abi Hgh0as,
flue gases and fuel- gas fornmed in the first m xing chanber 11 is conducted
to the burner 36 wherein conbustion air is 5 mxed therewith and the
resulting mxture is conbusted in the burner 36 and furnace 34. The
presence of the flow notivating gas in the conbusted m xture further
dilutes the fuel, reduces the flane te rature and reduces the content of
nitrogen oxides in the flue gases discharged into the atnosphere.
Referring nowto FIG 5, yet another enbodi nent of the invention is shown.
10 That is, a schematic illustration of the m xing chanber 11, the

combustion ai fubbaweinto eﬂlﬁ,ﬂu& Q&ep%@t 12.6 T‘ﬁ@lﬁptvhﬁotf\}dﬁgége%—% g%ges%ix'mrés the

connecting condurts is shown in utilizing t sane reference
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1 sposed i n-t R shlrh i Ay SR ERUR SR is fopmutt e biinet B 1 RS gases
m xed w th thé4.cobpisidnonofthe flodhigotbaeliBgdson tiefcotdbasted panradefartish@imates n FI G
5 is the sane a%Ft hat, descr | bed above in cqQnnection with the app(?ﬂrsat us

i 11ustrated i MEFPE reduess arpq,tlemperabirg prhigfuger (s costsnh Al REosieP X4 B duced

into the burngk fR6 ghits alBRaXgddlifohd Ambieeonbustion air. The presence of
the additional flue fgases in the conbustion air functions to further cool

the flame tenper at Belétring noMetofin aceet 3nothercerphodirernt oh dhecisrndion inshavint r ogen
oxi de gonpoufds ji i sﬁ:ﬂ&nitﬂc‘fﬁus@%ﬁcﬁ?oﬂhé%ﬁ?ﬁ%ﬂ%%l,&ﬂ@c&ﬁﬁ&ﬁm% Blowepm the
to FIG er enbodi nent of t

stack 38. Referring now to b6, yet ano e present
invention is 425h¢ bimst }atrsidthe Aurpadeeitadsi well 49 the tepmrecong efndnieisfshowh imi xi ng

chanber 11, t LXin hanber 45, the nbustian. air bl ower 42,

t he burner 36p§1§e§tﬁ{é%g%%ﬁ%nge r%rg:e\%wragsas ' ﬁg@cﬁn%e%d;aﬂ’r%“ %8%088%{\?13% S
shown in Fl G gGesitcbhdutti iy id bansae® t¢ eliecstadic 88 rinke didad@s34 and kb Gn #let | N
addition, the a atrat.usf illystrated I1;9n FI.G 6 'n%%(ﬁdes he second, fl ue
gases condui FOEHUNTIR RreConIHULHE Pigiver & whewdy addiiinel fus gasreprs djawn

i1 Tustrigt ed i Rofl e stack 39 thih@:haRE ElduRF0ahtolthe cAIRRLGH B bRfwdrliGwifrdig t he
sanme as the oPerat'i on descri bed above for the apparatus illustrated in

FIG 4 except hen&tix mitheheeoqphusipreain| 4dlaw sasgrohralte 2 Roliwessdrin dorognduit
50 for controlling the volume ratio of flue gases mixed with the combustion air.
The operation of the apparatus shown in FIG. 5 is the same as that described
above in connection with the apparatus illustrated in FIG. 3 except that additional flue
20 gases are introduced into the burner 36 in admixture with the combustion air. The
presence of the additional flue gases in the combustion air functions to further cool
the flame temperature in the furnace 34 and reduce the content of nitrogen oxide
compounds in the flue gases discharged into the atmosphere from the stack 38.
Referring now to FIG. 6, yet another embodiment of the present invention is
25 illustrated. A schematic illustration of the first mixing chamber 11, the second mixing
chamber 45, the combustion air blower 42, the burner 36 and the furnace 34 as well as
the connecting conduits is shown in FIG. 6 utilizing the same reference numerals as in
FIG. 4. In addition, the apparatus illustrated in FIG. 6 includes the second flue gases
conduit 50 and the flow control valve 52 disposed therein as illustrated in FIG. 5.
30 The operation of the apparatus of FIG. 6 is the same as the operation described

above for the apparatus illustrated in FIG. 4 except that flue gases are also mixed with



Il the conbustion air. That is, flue gases and flow notivating gas are
mxed with the fuel gas prior to conducting the resulting mxture to the
burner 36, and flue gases are nixed with the conbusti og \@jybnbBr

conbustion air blower 42 with the resulting mxture being introduced into
the burner 36. By controlling the volunmes of flue gases 5 and fl ow
notivating gas mxed with the fuel gas and the volune of flue gases m xed
with the conbustion air, the content of nitrogen oxides in the flue gases
di scharged to the atnosphere are minimzed. As will be understood by those
skilled in the art, the selection of one of the systens of apparatus
illustrated in FIGS. 3-6 depends on a variety of factors 10 including, but
not limted to, the size of the furnace or furnaces, the nunber of burners
utilized withigaedmtiustisiogie, Thigs ffﬁfe@a@é%%nﬁeﬂ%@v Hi%u@étmtgkg%s aH-;emeeH%th the
tenperature r ched Wi thin the interior of furnace and the |Iike. Based
on such fact of¥! seherigyde epndyriing @9§qsehmfnlatwaqoébmum@caﬁ pediflupggseoetace t he
desired | ow ni ' t: t he
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basical ly conpmfshdc@ﬁbushm iqutlha)wmgt sf epsgenGairas &t the Mluaighses ki&clmgtduet ed
froma source}tl &ﬁreOf to the.burner. A first m xing chanber is provided 20
out si de of t hEIGEPRIFPCGAF PIHAZES for mixing flue gases fromthe furnace
and a flow notivasngligasundedsidol B¢ thdselskitias in e UR) sclRBonh 5 Fhschaeged in
the forma fuel into the first mxi chanber so that flue gfasesfrom
the furnace af¥t ‘JH?%\\% APRgtup HEustfrdnise £l %grdﬂﬁl ReReniih ogng Yhrely ef tieosyel
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m xi ng chanmber in the formof at |east one jet so ditiona
gases fromt hé‘tlh%ﬁdﬂa@ée@h(ﬂuramm thee deral arfdiredkegmsof the funbélwetdmpaﬁ@quj!reavmd into
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notivating gas ases ow noti va
gas fornmed i nsystenbf aMraumrxqmngdmﬁm th@deﬁmmh&tlﬁdogeh%&fcﬁ omtérm i the
burner whereinp the m,xture.i.s,, conbi he conbustion air and then

burned t her ei AVRRESF HISEIEESHL thg elmo Heéeés@egﬁtﬁ e nethod preferably al so
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stoichiometric mixture of fuel gas and combustion air introduced into a burner
connected to a furnace are basically comprised of the following steps. Combustion air
is conducted from a source thereof to the burner. A first mixing chamber is provided

20 outside of the burner and furnace for mixing flue gases from the furnace and a flow
motivating gas with the fuel gas. The fuel gas is discharged in the form a fuel jet into
the first mixing chamber so that flue gases from the furnace are drawn into the
chamber and mix with and dilute the fuel gas therein. The flow motivating gas is also
discharged into the first mixing chamber in the form of at least one jet so that

25 additional flue gases from the furnace and additional fuel gas, if needed, are drawn
into the first mixing chamber and mix with each other and with the flow motivating
gas. The mixture of flue gases, flow motivating gas and fuel gas formed in the first
mixing chamber is conducted therefrom to the bummer wherein the mixture is
combined with the combustion air and then burned therein and in the furnace. The

30 above method preferably also includes the step of controlling the volume ratios of the

flue gases and flow motivating gas mixed with the fue] gas. In addition, the method



12 preferably includes the additional steps of providing a second m xi ng
chanber outside of the burner and furnace for m xing additional flow
notivating gas with the flue gases fromthe furnace, agfktsebasaiang the
flow notivating gas in the formof at |east one jet into the second m xing
chanber so that flue gases fromthe furnace are drawn 5 into the second

m xi ng chanmber and mx with the flow notivating gas therein. Also, the

met hod can include the additional steps of controlling the volume ratio of
the flow notivating gas mxed with the §Jue gases, nmixing flue gases from
the furnace with the conbustion air conducted to the burner and
controlling the volune ratio of the flue gases mxed with the conbustion
air. 10 The net hods and apparatus of this invention have been shown to be

significantl yPWrﬁaiﬁHchﬁbﬁt'ﬂg a&cﬁ%hapgt&ﬁrof ?{: idikd badsnAne P &ﬁﬁ@n%yéutsltﬁ
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further illustrate the i roved results of the present invention, the

fol | owi ng exaBFFemixedgyi EGusEIneRir. The apparatus illustrated in FIG 5
was tesfged to det e’f‘ﬁ‘f@u@ﬁetﬁ&i@ mt%@% )ﬁafdtﬁﬁ ﬁeﬁﬁﬁt §e Bbed Rfioh US. 8@595 at

various ratios of flue gases gas, various ratios of
fl ue gases ni xenifipantly mdre effirntitan pnnoraartrmahcﬁsaind@pﬁmatast i The refirdutionofio. The

urnece uti L gesh M1 SRR Sl AU ETN SLSRR B8RRI
TABLE Fl ue CGasesits\ND, g loGenhiftized)skides ddareno itS thArMidrdases@roduced than a system
wherein 23% of the total flue gases is combined with only the combustion air. Test
15 results have indicated that a nitrogen oxides content in the flue gases of 20 parts per
million or less is obtainable utilizing the methods and apparatus of this invention
without steam injection, and without the concurrent use of flue gases recirculation in
the combustion air. When steam injection into the flue gases is utilized in accordance
with the present invention along with flue gases introduction into the combustion air,
20 aflue gas nitrogen oxide content of from 8 to 14 parts per million can be achieved.
In order to further illustrate the improved results of the present invention, the

following example is given.

Example
The apparatus illustrated in FIG. 5 was tested to determine the nitrogen oxides
25 content of the flue gases at various ratios of flue gases mixed with the fuel gas,
various ratios of flue gases mixed with the combustion air and a combination of the
two. The furnace utilized in the test was a 63.5 million BTU steam generator. The

results of these tests are given in the Table below.



Fl ue Gases M xed Wth Fuel Gas And/ O Conbustion Air TestSetting of Flue
Setting of Flue NO Content of 12Fl ue Gases No. Gases Val ve 40 Gases Val ve
52 Discharged to ,, percent openpercent openAtnosphere 3Q0KRBYRE, D
25090923 ppm 75%0%20 ppm 450%85%18 ppm 575%0%14 1 Flue gases m xed with
fuel gas. 2 Flue gases m xed with conbustion air. 5 Fromthe above Tabl e,
it can be seen that the nmethods and apparatus of the present invention
produce flue gases having unexpected reduced nitrogen oxides content. 10
Thus, the present invention is well adapted to carry out the objects and
attain the ends and advantages nentioned as well as those which are

i nherent therein. While nunmerous changes may be nade by those skilled in
the art, such changes are enconpassed within the spirit of this invention
as defined by the appended clains. What is clainmed is: 15 3 Novenber 2003
14 CLAIMS 1. A nethod of reducing therggpgent of nitrogen oxides, in flue
gases produced by the conbustion of an at |east substantially

stoi chiometric m xt ur &8s GapesdyQfaentanidUsing ¥priens 4moants @ht r oduced into a
burner connected to FIR¢fAasdM ifls Fug] GaseAnd/@p Cogpbustion Air

-Test Setting of Flue Setting of Flue N%lf Cocl;ltent of
Gases Valve 40',  Gases Valve 52%, Flue Gases
Mo. percent open percent open Discharged to
Atmosphere

! 0% 50% 26 ppm

3 75% - 0% 20 ppm

4 50% 35% 18 ppm

5 75% 50% 14

! Flue gases mixed with fuel gas.
2 Flue gases mixed with combustion air.

5
From the above Table, it can be seen that the methods and apparatus of the
present invention produce flue gases having unexpected reduced nitrogen oxides
content.
10 Thus, the present invention is well adapted to carry out the objects and attain

the ends and advantages mentioned as well as those which are inherent therein. While
numerous changes may be made by those skilled in the art, such changes are
encompassed within the spirit of this invention as defined by the appended claims.
What is claimed is:
15



.(a) conducting said conbustion air to said burner; (b) providing a .first
m xi ng chanber outside of said burner and-furnace for m xing flue gases
fromsaid furnace and a flow notivating gas with said ftgeho\%soe@abg

m xi ng chanber including a. fuel gars jet-forrimng nozzle, | eas
one-flow notivating gas. jet-formng deflector and a verituri and mxi ng
conpartment 'therein; (c) 'dischargingigaid fuel gas in the formof a fuel.
gas jet into said first ‘mixing chanber by way of said fuel gas jet-
orrtling' nozzle so that flue gases ¢rgamgsaid furnace are: drawn into said
m xi ng chanber and m x with and dilute said fuel gas in said ventur i "and
m Xi ng corrpartment therein; (d)di schargl ng -a flownotivating gas in the
formof "at |egst one,fl

chanber by vvaf; on&sal &gmogdn%%%h?%@%gﬁﬁretg%&ﬁ@’ﬂfrdfef%%‘sect gé:d&ggcgt hat -
addi t i onal thd donsbugdsrest aif atdeass mitdtantisihageichiotheatidinixtasaf ffelghs argas, | f

needed, are drawn.into, said m. chanber X Wit h-each ot her. and vmth
said flofPHBEIPREITgrediced ﬁnteaﬁwngfmwpteéﬁaa%ngcoeeﬁﬁglﬁtfﬂeﬂﬁpwer ein;, -
and (e) conduct | ng st stietlomthbih #ABSSId A, ot | vat i ng - gas and -
fuel gas formed in steps (c d (d) to said burner. wherein said mxturer

is conmbined with séb)dlroedmfmst)mimg cleanebeb autaisid of haid bimenand! ﬁumasefcur -
furnace. il TN 0L ki i) Bondhihd LOWIPLINAL 09 daF |

sel ected group consis eam - carbon
di oxi de. nﬁxm‘g*bﬁammrhmdumhgel faelrgai get-\lﬂilﬁhﬁg Ro&d, et Iehnmaﬂbmmbungnggm is:

steam 4, The meth d of any one. .eof clainé. 1 to.3. which further corrprlses.
t he' stebet(g?“m%ﬁ? %Ffrﬁﬂﬁgaﬂﬁet%%W’f% FRREPFIMER thereiny o gases and- sal d -

flow notivating gag) d@cﬁ%%ui’gnéam ﬁl%l filele ©BA8 o!fHﬁ?é{%&%e( ko SIRLH) -
Novenbér “2003. - 15 The any one of clainms 1 to 4 whi ch further

conpr i seBixifg chamlgy bafwwqﬁﬂatﬁ fngl @ssecfgnmnmnxomgseﬂat Abegascofiomisdd of said
DT eT 2§ DA ool o1 A SRRkl A BB St AL 521 ¢

fl ue gases .r.om sail f'urnace,”,, sCHar g ng- sai AR ng gas
in the feogmuriahd ﬁﬁxxhgaempﬁmaenq théremﬂt o said second m-xing chanber so that
flue gases from sa fu nace are. drawn.into s tsecor}d X ng chanber-and
mx Wt h _ disc arging a tlow motwatmg gas 1n the form o east on ﬂow .
motwatmg gas jet 1nto said. ﬁrst nuxmg chamber by way of sald ﬂow motwatmg gas Jct— S
e formmg deﬂector S0 that addltlona[ flue gases. from sa1d ﬁlrnace and addltlonal ﬁ).el gas 1f o
- needed, are drawn into said rmxmg cha.mber and rnxx with each other and thh sald ﬂow L
motivating gas in said venturi and Imxmg compartment therein; and '_
(e) conductmg the mixture-of flue gases, ﬂow motwatmg gas and fuel gas i
formed in steps (c) and (d) to said bumer wherem said rmxture 18 combmed with sald i

- combustxon air and bumcd therem and m sald fumacc '

2. The method of claim 1 wherem sald ﬂow motwatmg gas Is- selccted from -

the group con31st1ng -of steam, alr nitrogen and carbon de1de '
3. The method of claim I- wherein 'saidrrﬂ-ow‘ motivating gas 1s stearn: .‘
4. The method of any one of claims 1 to 3 which further comprises the step'of

. controlling the volume ratios of said flue gases and said flow mdt_ivating gas'r_iﬁ}ted with

* said fuel gas in steps (c} and (d). '



said additional flow notivating gas prior to mxing with said flow
notivating gas and fuel gas in accordance. with steps. (c) and (d). 6. The
met hod of"- claim5 which further conprises the step of i t he
vol une ratio-of said additional flow notivating gas m x%@mén%érézg?% flue
gases. 7. The nethod of any one of clainms Ito 5 vvhich .further conprises

t he step, off mixing flue . gases f xor n.- q aid furnace vmth said - conbustion
air. 'conducted to. said burner.. in accordance 'with step (a). $. The

met hod of cIaqn?wa [ SOTPLLSES, gopt oII the .volume. ratio of
said .flue gases. mxggﬁgailg{hp&glo&e ﬁ%u%St gO'P éﬁh ‘t%“'ﬂnﬁ’éstqﬂél@ of reducing
t he contemp offprowitinggen oxides in flue gases produced. by the conbustion
of an at :least substantially  stoichioznetric mxture of fuel gas and

conbust i Ofr‘PCﬁlild mmng obiarcleat ourside of shidrineter and fieai@dot Buidng BddIB6R] EEHPr i si ng
the steps; ctin said conbustion air to- said bur ner; (b)

provi ding-a 8&1{& St Earﬁ Y&ﬁgsald gﬁ%wﬁ%ﬁ fm spidelBRacsaped Miselvsgingridick Bewace f or
m xi ng fluetiganesat i0MeToid ofh‘trl@%@ 8néfad uﬁc% @ﬁmsg\fotng n%ﬁ‘ g cfhgt%l; 0 atEiithlng

m Xi ng chanber - "i"nel udi ng a fuel gas jet-tormng nozz
st eam j etll4eozagesniom Sd@fﬂiwpﬁaﬂrealmwamwemdmeconanﬂmﬁg th@;@@ﬂ@aﬁi memt s (c)

di schar gi f as.in the form of. el into said-first mxing
chanber b%ﬁim@htgjfnayg%ﬂd%ﬁgaﬂﬁ §%5 BOr (O FYHIRG “ﬁ@'zsz’l#’eﬁqutwa&mg gageindases from
sai d - f ur rfaelegas & gccdrdanbe With Qepa{ Y asdh@yber: and rix with and dilute said fuel

gas in said-venturi and.m xing conpartment therein; (d) di'scharging st‘eam-
‘in the formof at least one steamj et into- ‘sai d. first 3 Novenber 2003 - 16

m Xi ng chanber by team,j. etz def l.ector so that-

addi ti onal fl ue ga\égé ﬁ%tpgﬁbgg?ﬁn ?urﬂf\jlc%mg Oé&ﬁ atPrferny ng; f
needed, " deevoldma\vatid- wmdxmwmmmhaﬂnﬁgmmge%%amueegggsot her and
with said. steamin saidventuri and m xing conpartment -thérein; and (e)

control li-ng tﬁe voIT@R@lﬁrtmd fsngione af daifisUuetogawbish firrthes ebrdpriteedra ni xed with
sai d fuelsrta ml ztups (c) ‘and (d); and -(f).cbnducting = the nmixture of
fl ue. gase ?tué i -and fuel gas forned in steps (c) and (d)-to said

bur ner weesesi Enorgasecid nﬁumaue ewnth saﬂoadmb\.&dow znh oeaditd:t&brfdmsf&il Qtﬁlnélﬂ I‘m and

acc:ordance with step (a)

8. The method of claun 7 wlnch further cornpnses control[mcr the voiume .

_ratio of said flue gases mlxed w1tb. said’ combustion alr

— 9 A rnethod of reducmg the content of mtrogen 0x1des in ﬂue gases producedm
by the combustmn of an at least substantlally stomhmmetnc mlxture of fuel gas and
A combustlon air mtroduced into a bumer connected to a furnace compnsmg the steps of:”

- (a) conductmg said combustion air to- sa1d burner;

.(b) prowdmg a first’ mlxmg chamber outsuie of said bumer and fumece for
rmxmg flue gases from said fumace and steam with said fuel gas, said mlxmg chamber :
mcludmg a fuel o'as Jet-forming nozzle, at Ieast one steam Jet—formmg deﬂector and a
ventur: and mixing compartrnent _

(c) dlschargmg sa1d fuel gas in the form. of a fuel Jet 1nto sald first nmixing

- chamber by way of said ﬁ.lel gas jet- fomnng nozzle so that flue gases from said furnace. are
drawn into said chamber and mix with and dilute sald fuel gas in sald ventun and mixing

: compartment therem

(d) discharging steam in the form of at least one steam }et into-said first



burned therein and in said furnace: 10. The nethod of clai m 9 whi ch

furthet' conprises the step of providing a second" m xing chanber- out si de
of said burner and. furnace for mxing additional steay %&ﬁt} g flue
gases from said-furnace,, and. discharging said steamin t orm of at-.

| east one, jet into said second "nixing .chanber - so. that flue gases from
said- 0 furnace are drawn": into- saulﬁsecond m Xi ng chanber and mx with
sai d additional steam prlor to.mxing with.said steam and fuel gas . in
accord anﬁiﬁ(dﬂg Elbmlsek 6P Svaly®F said4dam jétdformibl. defibetor seethhodiditfonacflad gaséO whi ch-
further.. :conprises the - ste control ling the Vol une., atlo of

addi t i onﬁpmﬁ@a@iw&éﬁi W@W@Eﬁ’&l %E}Su\fﬂe%‘?ge?e THVI TR, @?1635 one of
clai ms- 9,10yl t%’@é@%éﬁéﬁ%%th%%ﬁ%&aﬁ?ﬁx aftevehPaif miing Mnﬂa!rtﬁ&:nﬂas es from

said furnace W US'[,IVOI’I al r -conducted-t-o.' said burner
accor dantherei; tahdstep (a). 13- The rre_t’h_od -of clai m12 which,: further

conpri ‘'ses controll th atj.o o dfl e, Wi t h
sai d combustion alblgirlfmqjﬂg 8‘358 b Sa}c@%‘l‘f ;F%:S%con? % of

ni ttogenwmglsgg%élmag {geaseamd 8y; egaced by the- corrbustl on of an at Ieast
substantially - stoi chiometri.c m xture of fuel gas and . Cﬁ%ﬁflﬁf;tl on air,

sai d fuel gas -bei ) C@&%M@GW&WWW%%@B@@QW%U% ESIRF a
fuel . f urce of
Cobus? SRR oRRRaIr RGNS Audiels ohilifiar GARUACEANLARMAR AR o6 of

Novenberbﬂﬁ&BtmﬂeYnmlc{mrsatdﬁumamg chanber for m xing flue gases fromsaid
furnace and a flow notivating gas wth said fuel.gas having a fuel gas

inlet for conqgcth@m%&@f%&g{#& Wtﬂ‘f%@ﬂ'cﬁmpﬁsés‘tﬁést@%§% Byichy & Ng

nozzl e for forning a i-n:-sarg -m Xxi-n ~a flue gases
i nl et pogédondnekisgy chd]ﬁberfdumdgaﬁe&datmndram&mmﬁ |rdlxm=xa¢¢gtlor@lhanber by
sai d -fuel gas. a first;: flow_ nnotivat as.-inlet, at-least one. flow
moti vat i ﬁ@%‘ﬁ@ﬁ@f‘ﬂﬂﬁrﬁ%g&%ﬁﬁ dvgEcs S?é Q%F ﬁ]éla:faﬁ% t?‘Vi?]in}lg gas j et
Wi thin sakdgixt EH& ?Q%ﬁ@%md%@c&d&aﬁﬁﬁﬁbhﬁﬁﬂﬁ" so fatelugames fosl addi tional -

fuel gas; F nee , are drawn into said m xing ‘chanber, a venturi and :
m Xi ng cc&nrpacret atendrathents- smdi opcomﬂxnwgs@hainkfafr vad gaie¥ith saiddaddigepaint | vati ng

W adure Sotm T oo S5l Y LIS Sar ) L 025

(d).

_1:1. The method of claiul 10 which further comprises the ,-etep_ of"
‘ con&oli_ing the volume ratio of said additional steem' mixed with said flue gases.
12 The method of Emy one of clalms 9 to 1 1 wh.xch further compnses the

' Step of mixing ﬂue _
- gases from seud furnace with. sa1d combustlon air eonducted to said bumer Ln

accordance with- s’_cep (a).

15. The method of claitm 12 whlch further compnses controlhno the

' 3 volume ratio of said flue, oases mixed. with sald combusuon air.”

14. | An apparatus for reducmg the content of mtrogen ox1des m ﬂue gases
: produced by the combustlon of an at least substantlally stmchmmetnc mixture of ﬁlel gas
' _a.nd combustion air, said fuel gas bemg conducted to a bumer connected to a furnace by a
: fuel gas. conduit and the combustion air bemg conducted from a source of combustlon air

" to the burner by‘a combust;on air condu1t,oompns1ng. e o .-



a first flue gases conduit for connection to said furnace connected to
said flue gases -inlet of said first chanber; a first flow notivating. gas
conduit for connection to a source of flow notivating gﬂgv&,qt%lq gd to
said flow notivating gas inlet of said. nixing chanber, and a ases,
fl ow notivating gas and : fuel ‘gas mx.ure conduit for connection to sai d
. burner connected to said flue gases, flow n . iativating gas and fuel gas

m xture outlet of said chanber. Tl he ar f FHdN htbeivping Neab ur t her
conpri ses fuﬁeamsmgcﬁhamb%ofﬁt AH¥IRg rfb‘etﬁ?é“%h H%?acgsan%% said. 1l ge gases

and said ﬁﬂ eg géélthhﬂ He Ga@eiNiaxeidlet ot donsation fcmemdg@pi ga$n said first
m Xi ng c‘ﬁa i spose M saird fi rst flue gases cot&mw td \Aﬁ&ggesal d first
flow m)tdoﬁdmt rag?ua%asmdmg nezzierfos forppag adWd SaYICE VA 1 KA in said
means for. controllin ' hO5a:0§ al:é@rgwﬁ Inéesodseanand said flow
not i vat i o 2 £15° &A1Y g’?lete?‘)smog“%%thag%r n%asl 'sed. of flow control, val'ves |

7 The a@ @JB&SsaQ{ firDYasdBg a ﬁ@sft ﬂbl\namntivﬂmg ga@mletﬁat\mgﬁnqﬂﬁ ﬁg}twa@&m“ .-
second mxing chanber for mXxin

flow.notiv. M4 Saindef | Ue
gases f rpmjetdbaning daBecon fen{fRrmene %ﬁ?WWtH@PP%g?SJ%EgMg}%g ?ﬁl et. fior connecti on
to a sourg t RO a8RDnANdel 05, if hesdeil,nge drafdinantorse Mg gas
jet wi t Hi r{‘ggfldgmé’g%\fo%-éaﬁl@%ﬁnng chalr%ber %Efi ue .gases., j'nl et- cor cPﬁS\;.red to
sai d firgandbetia @mmmmgcomﬁmeéh@@f%fw H&Fmﬁls fb‘iﬁ% 5t%80msaid 3
Novermber 20Q03.18 fur e dr & 56GRRde Bhximufushalbexiby sai d
jet, a f@@W%ﬁSl&?&?‘? @Q’sﬁﬁg?ﬁa 2%39%83?1}3& connect@gd to sald first flue
gases co&gwtt and a flow notivati ng gas condui't for ‘connection to a source
of flow noti'vating gas connect ed to sal d-fl ow notivating gas inlet of said
second- m xi'ng chanber . s @(%ﬂﬁ%c@én & aiinfdrfashioatiediett tcher
conpri ses neans fof ' e earSFﬁ e vol ume ratio of said flowmptivating

gas m xe S gﬂétld{@algaﬁﬁﬁ&haﬂb&posed in said flow notivating gas
condui t.. gafgﬂ%ga %1

e apparatus_aof cla wher d Jeaestfeky - 7
control | ing-the vmlfmﬁeﬂcr\’aﬂ%lvétﬂﬂ ocopii‘b'g/f%(iolng%‘{hoa%gas m xed w th.said
flue gas es conprises a (._P\QS Sald ﬂow motwatlnc gas mlet of said. mixing chamber; = .-

motwa g gas connecte

B and - . . L
o ‘2 ﬂue gases, ﬂow motwatmcr gas and ‘fuel gas mixtu’re_ conduit for-

cormectlon to sald bumer connected to said ﬂue gases, ﬂow motwatmcrgae and fuel

. gas rmxtur_e outlct of said cham_b_er o

.1.—-5 | ~ The a.pparafus of claim 14 Wthh further comprises t}}e&{ns for:

‘ controllmo the volume ratxos of sald flue gases and said ﬂow motwa’rma gas n:uxed

with said fuel gas in said first rmxmv chamber dlsposed in said first fiue gases condmt '

and said first flow motwatmg_gas conchq:_lt.= '

16 The apparatus of ciaun 15 wherein said rneans for controllma the

l e
volume 'ratlos of sald flue gases and said ﬂow motwatmc gas to sald fuel gas ar

B compnsed of ﬂow control valves

17, The appa:atus of any Q one of claLms 14 to 16 whmh further compnses a -
-second mixing o

. - - G
‘ charnber for mixing flow motwatmcr Uas WLth sani flue gases from sa1d fumac\, havm

or
a flow rnotwatma gas inlet for connectlon to a source of flow motivating gas and f

O'B.SE.‘S
fOH’—l'llﬂU a ﬂOW motlvatm gas _]Ct within Sald second II’UXI[IU chamber a ﬂUC

inlet connected to said first flue gases conduit po_smo_ne_d 50 that flue gas_es’ frem‘sald



control valve. 20. The apparatus of any one of clainms 14 to 19, wherein
said source of 15 conbustion air is a conbustion air blower. 21. The
apparatus of claim 20 which further conprises a second GINw®eg®se200T0NdUI t
for connection to said furnace and to said conbustion air blower so that
flue gases are mxed with said conbustion air. 20 22. The apparatus of
claim 21 which further conprises. neans for controlling the volune ratio
of said flue gases m xed with said conbustion air disposed in said second
flue gases conduit. 25 23. The apparatus of claim 22 wherein said neans for
controlling the volunme ratio of said fllde gases mixed with said conbustion
air conprises a flow control valve. 3 Novenber 2003 19 FUEL DI LUTI ON
METHODS AND APPARATUS FOR NO,, REDUCTION 5 Abstract of the Disclosure

Met hods and aratug for reducing the content of nitrogen oxides in the
flue gases gﬁ BPETIBYNIME SUE AT PHHNSFharbar bigiaid Jsh & TOBBYE 1 B% 8% 1

i ntroduced i e gasesRUNNRLNRRAARE LBH i e il 6 RIRT R.d Y R AR variHe8€t hods
basi cally conprise the steps of conducting the conbustion air ;o‘?he
burner, provicArdt for cRarsEen sue spuee of flomemetivasing rees camgckdrinseid flor ni xi ng
flue gases fr e, fE i - _ di scharging the fuel gas in
the form of QQ?E%?5§%¥1@ﬁ§§5¥ﬁéaﬁ?§?ﬁéﬁﬁﬂ§%§g% so that flue gases fromthe
furnace3are drawn into the chanber and mixed with and dilute the fuel gas
t herein and condugti ng-the resulting, m xture .of flue gases and fuel gas to
the burner mhereﬁ%’thgﬁ%f?Pﬁ?%Si% g%%ﬁikgdﬁvﬁiﬁiFﬁ% %3W%ﬁ§?f8ﬁ”ﬁib”and

bur ned i n t heontdlifigitheaotumd-taguro€ sédd flow motivating gas mixed with said flue gases

disposed in said flow motivating gas conduit. -

10 19.  The apparatus of claim 18 wherein said means for controlling the
volume ratio of said flow motivating gas mixed with said fiue gases comprises a flow

control valve.

20. The apparatus of any one of claims 14 to 19, wherein said source of
15 combustion air is a combustion air blower.
21.  The apparatus of claim 20 which further corﬁprises a second flue gases

conduit for connection to said furnace and to said combustion air blower so that flue

gases are mixed with said combustion air.

20
22.  The apparatus of claim 21 which further comprises means for
controlling the volume ratio of said flue pases mixed with said combustion air
disposed in said second flue gases conduit.
25 23, The apparatus of claim 22 wherein said means for controlling the

volume ratio of said flue gases mixed with said combustion air comprises a flow

control valve.





