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. Field of the Invention.

The present invention 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.



conbined, with fuel or fuel-air mxtures in burner structures to thereby
dilute t'he m xtures and | ower their conbustion tenperatures and the
formation of NO . In another approach, flue gases have n. reci | at ed
and m xed with the conbustion air supplied to the bur ne?ﬁg\bes Irgegrazrr%ﬁgf t he
burner. While the above described;, techni ques for reducing NO, em ssions
with flue gas have been effective £n reducing NO, formation and flue gas
NO., content, there are certain disadvantages and drawbacks associ at ed

Wi th them FOIORXaiBhGds bl oA hlBGott el MEAAS el i%a[@gs{: ydi ng

boilers) to flue gas recirc tion, the no Icatiron or r ement of the
exi sti ng d9tbined with Henl roe rfvelaamdnddtures b beineo Mnaitures bl twetbg difuek thel at ed

appar at us,.j g red. . Th difications often resu in . increased

e e pr b A W o B Bietof kL D 0 R BM Rt NOs i e o e

al t er at i gmstheoappeachuflragsss have whéc keciaditéd el Rikederith kot ed. The

changes and rTlDeﬁi' fications re%gi rﬁg often i nvol ve substantial capital
IHdo ¢ of

expendi t jFe&¥PP hePumsh Bpsite R4PES and burners are often nore

di fficult and whisd ihy abeveORsEded tédhdiqubPion taiulink N0, LhRsSnd Ay Mep! aced.
Thus, there are continuing needs for inproved nethods and apparatus for

reduci ng ﬁ‘ilbha‘feo[i’%tefféﬁ}"ériﬁ.fwg’gil‘gﬁ’squﬁa@ﬁﬁmﬂr% 28I @ putdabr therees wi t hout
the substabhdh diR@dipal hn%%lra@ﬂa%l&ﬁ&%té&%ﬁtﬁ_ HBhChebayg, Vclg,gﬁio‘c ore been

required. Summary of the Invention The present invention pr es net hods
and apparcQyestinghcisting clurmapes ~ Gaddding deilers) bed flaboge asviicolutorgothe t he

def i ci engL&6r9k nE.i. e T f s of the esent i.nvention for
reduci ng t eIcourjl{lIgﬁ{e%%}fgn?r?rogé%enggﬁéﬁggg%l%ﬁOf h‘ém?rlsl?él 855%%‘5“8%3{50% by the
conbust i dhovedrs and adlatbd aggarsub st Efeni mddiyedst Thechbdiffedtione offiex trebnt iaf fuel gas

and conbystion,air introduced into,a burner connected to .a furnace are
sl ool | rerksf Soboe Bicn® ST Sfher B RR (AR SRR SHRB R B <

conduct ecittratidrsero oy fieacestindvhieh MbAifBY beaRbes inkG1IQT. OVhdadngidtgiide of the
burner and furnace for m%(_jéqng_fl Pe glg)ses_from__the furnace and a flow-

mot i vat i AYPYRRNGR: Fequired  oftan davelver Fgbstantialy garih pvesnditieesu@ndgths  fuel gas

j et - f or mpn@ifeZ fln@icePhnd B@SEes ORE oftb® WdTD Wif¥idlit REd B8SHy R ofking defl ector
and a venturi., and m xi ng conpartnment therein. The fuel gas Is discharged

in the f&HRER Banithese thpxdeglesed into the nixing chamber by way of the fuel
gas jet-form ng,Nqg4k %Iée?{{tg‘gg‘gf | elggs ﬁﬁsﬁ@r(;\;egrﬂmth%. v %gﬁ?auf’sr' (drawn into

the chanber and m xed wt ute the fuel gas int venturi and
m Xi ng c&rAvaigtd@s farvetien and Amissions o eid fivim grigag Bueheasithbwathei s al so

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



di scharged in the formof at |east one flow notivating gas jet 3 Novenber

2003 J into the m xi ng chanber by way of the flow notivating gas

jet-form ng deflector so that additional flue gases fr I e and

additional fuel gas, if needed, are drawn into the nix?ﬂgégﬁg%%gpagnd m x

with each other and with the flow moti'vating gas in the venturi and m xing

conpartnent therein. The flue gases,” fl ow notivating gas and fuel gas

m xture formed i'n the m xing chanber is conducted to the burner wherein

the m Xt lafce tHeSmB@ipb tiagbemby wayhef the i sitotiAindi das gardofukd adidctdr tshexhitur nace.

The apparatus .of this jnvention can, be integrated_into an existing burner

furnace &pitons éh‘et FOU h"%‘ﬁ 5% ﬁﬁﬁcgﬁﬁ, a(ﬁ’btmnf"yg‘ﬁ'gg"ér if neptede piggiran BE9 Hs-

bur ner s, madig cHambwednd mixawith ¢aole olhieK gndawigh the dleGeBotiABng BT8R Mke Whiufi 4ndogen

oxides in.the flu ases.prqdyced by the conbustion of fuel gas and,

Sombust i BV PTPRIRL T(ith Athe HUAgesb oW motHine 3t HEh el gay mielie fPBsthinn or

modi f i cathk afiRingOchamba@nendadietcd NG the) Gumas @tlerdBiStie atigurer RAioaRchepr@gs thee Of

- the flue ses, flow notjvati as and fuel gas mxture, e.g., the
replacen%%f“§P“@H€9%%WH%LH%P§@%m%he apparatus is basically.. conprised of a

m xi ng. chanmber., whi ch is arate. fromthe burnmer and f.urnace for m xing

flue gases f r(rgpﬁ" PREIHY ﬁgg‘gs éﬂvﬁn??%wn%f‘?t%ﬁeﬁdl}mg%‘sCWL%Hg 8% uel gas

prior tofuher $hed witho@asibbtantlindhediBthe! or kdptachigr agstingTheners xaing chanber

i ncl udes fuel s inlet fqr.connection_to a fuel, gas conduit, a fuel gas

jet- for Omg%ffgﬁ@ l_rlﬁ_ra%ﬁfﬁvﬁa the pqpent §ESaBER GFHde I e Wi #7%Y chanber, a

flue gasemdutddey Beehbhb@ash of AR fhahd thmBudids an iRk MFAWY AbhRst-he chamber

by the fuel gas jet, a flow notjvating gas inlet, at |east one flow

not i vat i Hf RyEReTs Bey fesiie panetarqdificationsite peqogprddls the erwsedoressatd ng gas j et

Wi thin - sahded bkShre@MPRLe SQst fithddeAndlend hidPoaRERANE, A T Onal

f uel gas,&?ﬁ'n%eﬁéﬁﬁnére r Wﬁ’pﬁ%g% t%g{_ xfﬁg ch%nber, dqg%nturi and

m xi ng ceovpleeemnrtof theduwmer fipf.or i xi ng the flue gases, the flow notivating

gas and the fuyel n Sz gases, | . ' L Qg uel gas

m xture out | e?ﬁe 2\&%?315% %a@selgal 1ocr?glt.?|r1 e%f%fia %\é&r\m;%% aergotr?% P%lwtg'ﬁg Sg'%?aréace- is.

connect edrotro theh buhbm end)dem@scel fdrehixidg flne gatranfren. thd fulreve mod i ket i Ng gas

conduit for. connectjaq 0, a saurce .of th | ow notivating gas i s connected
Lo he. t POHGHE GacTghe GELEsPRPED Sh dhe el 48 SRt hione ifet,® be.

gases, firaniBtlsl chahbdrnBides AR %dd@ﬂllet@f@;sconﬂécﬁﬁﬁ]fo% &ONAY céndhRla GANPASFLI ON tO
the burner is connected to the f|ue gases, flow notivating gas and fuel gas

m xt ure EBuningpogdle fof forpyingAfus! gas jet within the mixing chamber, a flue gases inlet positioned
so that flue gases are drawn into the chamber by the fuel gas jet, a flow motivating gas inlet, at

least one flow 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



It is, therefore, . a general object of the present invention to provide
fuel dilution nmethods and apparatus for NO., reduction. Qher and further
obj ects, features and advantages of the invention wll 9%{ re%diﬁé\@ appar ent
to those skilled in the art upon a reading of the descripii'8RP5F*%F Novenber
2003 4 preferred enbodi nents which foll ows when taken in conjunction with
the acconpanying drawings. . Brief Description of the Drawings FIG 1 is a
side elevational view of a flue gases and fuel gas m xi ng chanber 5 of
the present invention. FIG 2 is a side gross-sectional view of the mxing

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 is a schematic illustration of the apparatus of the present invention 10

which is the p@pkreds emb&lim3n8X GBRN tRIwsa WieXi Blte NAMRSHjLAQTonMWIINGHE f1 OW
notivating gas wwth the flue gases fromthe furnace is included connected

to the flue gHSEIPRHMRAMEVIES-G 5 is a schematic illustration of the
apparatus of the present invention which is the sane as FIG 3 except that
a second flue gases conduit -i BrichPecinsign of thaJdxapengs t he furnace and the

air blower. FIG i t [ratd . e
plresent i nventi on%ﬁilgﬁéﬁg%%{sf?%bgg Jélﬁé&%ag{?cagg?uﬁ%gtéﬁﬁlﬁﬁ%hﬁigs bot h

a m xi ng chanblthe prsentinvienigpn. a | ow notivating gas with the flue gases from

t he furnace connec t.o t.ne flue gases. conduit.and a, se fl ue gases
conduit connected %]g:?\%éseﬁﬁp%%m?sﬂ?eﬁg% gﬁ‘go?ﬂ’ée "é‘."%“gfga%‘i’%&,i?f@-ﬂre 7 1s an

enl arged, side croBir Seta etheinailt eNvsahtidohel die appgrabaifiky pfesént iventing f | ow

notivating gas with the flue 86}3’?‘5 fromthe furnace shown in FIGS. 4 and
6: FIG 8 is &repgedioasoprgignal\ by nddmact ong Iine 8-8 of FIG 7. 25 FIG

9 is an enlarged SFER £[s05SciReklié MBtraydre¥ 8F dpp@atih 0N cRacHIBAvAbn
m xi ng flue uses fromthe furnace and fl ow notivating gas with the fuel gas
shown which is the same as FIG. 3 except that a mixing chamber for mixing a flow

motivating gas with the flue gaseé 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



in FIGS. 3 through 6. Description of Preferred Enbodi nents The present

i nvention provi des nethods and apparatus for reducing the 30 content of
nitrogen oxides in the flue gases produced by the conbu§$kgnm§fr%ﬂgl gas
and combustion air introduced into a burner connected t8 & furnace. The
apparatus of 3 Novenber 2003 5 this invention can be added to a furnace
havi ng one or nore burners connected thereto or to a plurality of such
furnaces w thout replacing existing conbustion air fans or blowers 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 nethods and apparat us

of this invention are nore effective in reducing NO, production than

prior methods tanvanRalcah B s@RE (P4 Runad® havied ddeCr 8dre bitn&P 86t R thelhi&
met hods and apparatus utilize recirculated tlue gases which are thoroughly

m xed and bl eRdEY2 RIUAity 19 sachefurnpses witkqus BSplerinautivigs caebpgion dnfoeer| 10
before it is pRFRIMES ] : e .06 t urface.
The flue gases di | uted %‘t%(g{t g%%%%flgiymﬁgggl%éﬂ&ﬁgﬁ%gglﬁeg%&g}gr%lrﬁer%'hFerH%ur ner
and conbust edapraratvseis singel andhcantbe réadily astalled which oederesf fuenmee dempématande and

nore unif orm i irs_achi eved. . Bot f these factors.contribute to
reduce tS];le fo%%%??%&nd g({‘gtspr%ﬁ%tlm@anﬁ%h*%Hle{hg&g%rﬁiearpg?rla{?sﬁ% ligﬁ’FgRlloé’cFI?o t he
same degree bwordefgrivoin sdtcing NORefodnetionghaOpyidr enditivels dhdappagsus afichre
particularly to Ffl'gffs' 1 and 2, a mxing chanber apparatus of the present
invention is MAUECFSEEE B ™Yesi gnated by the numeral 10. The ni xi ng
chanber 10 incl udesh@ MaGodGRH VigharabRMRANdeMeétirclldteh AN 0gasds TaRkh o8 i nl et
connection 14 for connection to a fuel gas conduit 16 and 'a fl ue gases

i nl et connect FERPUEBLT Bixed ind ddendeth vl the fyal gag dsedy BivHg theofel gaewall xi ng

chamber (20 al sgrotg iy AR daceiCRicUsde diURGeddmrealdRBlyd & L aGhed OYRE fRD
opening 24 in the.dgas recei ving conpartnment 12 opposite the*fuel gas inlet

connecti on 1423388 dghigdrfuingasH @ixal withecofnustiogaadr Imthetbuemrredt doorbusigd
1250 that & Foer" [y myBe pHACER SRR Bherah AP0k TR BERTRT! ougn.
the venturi secichene®6Both dfteesy émtans tortrituge @2eduds thesfomahtionusfdeompoNG, 25 by
tsggtsfo?]klzlﬁl edwihpchtig1 gen%gatlly ntorI gchgelvgcyvto(%ltle sJ.[apn% dfeélr%!a b!v ﬁ';[e p%(S)r gr?.r ough the venturi
s Referring now to the drawings, and particularly to FIGS. 1 and 2, a mixing
chamber apparatus of the present invention is 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



creates a pressure drop in the gas receiving conpartnment 12 which causes
flue gases to be drawn through the flue gases conduit 20 into the gas
recei ving chanber 12, through the venturi section 26 of I\H@% YENSAHS tube
22 and into the downstream m xing section 28 thereof. The Tnue gases drawn
into the m xing chanber 10 are thoroughly 30 m xed with the fuel gas
therein and are discharged fromthe m xing chanber 10 by 3 Novenber 2003 6
way of a flue gases-fuel gas m xture outlet connection 30 to which a flue
gases-fuel gas m xture conduit 32 is cognected. Referring nowto FIG 3,
an alternate enbodi nent of m xing chanber for mxing flue gases and a flow
notivating gas with the fuel gas is shown and generally 5 designated by
the nuneral 11. The m xing chanber 11 is schematically illustrated operably
connected to waf wfndbe gadeshfasli gag naxtorer i€t ABnERIBASOLE vHIdES 81O padBS AENOWN

in FIG 3, the mxin chanbsr. 11 is connected to a fuel gas inFet condui t
15, the ot hergaserﬂﬂmﬂgc?lﬂ‘iliugﬁ i15CogpsHHdct ed to a source of pressurized fuel
gas; to a flue gasRsfepOMiw to 186, $,Ne Athelie eABoAMMDLE hikid %Hé}ﬂﬁaﬁtt%g to
the furnace 34 (nore particularly to the flue 10 gases stac% 38 thereof);
to a flow not MPHEE AYe gasss pl eflow amdiptingeag withiibe Bicheas ieptbvof andvdenerhlly s
connected to ol f i i ng: ; d, it flow
nmot i vati ng gageba“nd{Fefggjeyf)[fh agg&%@b \g"ﬁ%gﬁglgg%ﬁ §I§,8&t HGBOS? %ée%lﬂgﬁlgsagﬁé%@%h is
connect ed to ©opdiebly gednegiad té mfuhace GAmedng arbuoier 86 eolernéthedfo. Asfshown
control val ve; el i e flue gases conduit 19 fqr. controlling
t he vol une ra%nﬁ%défg ’ ?‘Fﬁggﬁlgg%asm%nﬁr 3(21 C\R,imfeﬁte% Ofﬁéﬁq gﬁsa‘gl‘?tt ﬁortdﬁgqr% tilf’|"?8‘ef:hanber
11, and a f| owndaiwhiok isvahuetetilio iaSothcs posesbutiped fiel g0 a it daat donguigas
inlet conduit . for controlling the volune ratio of flow notivating gas
mixed with thﬁ]fhee?*ﬁaaegﬁif)ﬁ“’k%h ‘g?%%&déﬂgﬁtféwaﬁ?“ wharenlsty ohnilee i on
air, ellg., ag@eabrsit BYthedddD); b QR Mativdinig GRS NAG! RHdLiP 38 GOTRKE LhPRrai I
conduit 44, thﬁ_ ot her end of which is connected to the burner 36. The flow
moti vating ga¥nic8 1Bropresidriarm ousteedintlow mrotiyatieg sepasad te anflisegassudlan t he
pl ace of the ghg i Ha VM Yo T=Y1 PPN 1 P i ke.
Referring now toa@l%%ﬁ%gl grr?f %l%&gﬁ[gﬁ (33r3’%%?%E%cﬁ@u@%@tggwgtegﬁai | .
The mixing charfisdrgas inleticariegtdesofthgbgnerédei A flny coouplariveetitis dkptradimg a
fuel gas inlef,. ¢ ti : e the fuel.g inlet conduit, 15, a
flue gases i nfhgtfﬁ%g%%%c o?lg%l?é%?@@co@%ﬁlﬁgé&&wﬁ%m? A& ‘%Su%ueg%afgssmi”f?ge‘f’&bondui t
19 and & . f| twl gastin retminingghsmbetl1éf and a flow control valve 41 is disposed in the flow

motivating gas inlet conduit 31 for controiling the volume 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



connection 23 connected to the flow notivating gas inlet conduit 31. The
m xing chanmber | 1 is divided into two conpartnents, 21 and 27 by a wall
29. The wall 29 includes a central opening 35 farmed thgjfi.mhpardpdhe fue
gas inlet connection 9 includes a nozzle portion 13 which extends through
the conpartnment 21 and into the 30 opening 35 so that a fuel jet 25 (shown
by arrows) is fornmed at the end of the nozzle portion 13. The conpartnent
21 receives flue gases conducted thereto by the flue 3 Novenber 2003 7
gases conduit 19 and the conpartment 27 receives the flow notivating fluid
conducted thereto by the conduit 31. An annul ar deflector 37 is sealingly
attached to the wall 29 over the opening 35 which extends into the
conpartnment 27. A venturi tube 39 is sealingly attached through an openi ng

45 in the compaet NRAGuIR 19Sehd RS chbiBaBnddie7 ir8lei? hOT RS @Mu&éﬁﬁ% Nggdl e

portion 13 of the fuel %as inlet connection 9 extends into and Through the
venturi secti §prdvptedtherdie by dieragnduit JbeAnonnuiialelprior 3 hissealingly atachagftot he

yenturi tube 3 @il 8005 MEEpdlly DU SR AR ok GANRYAMA deldiget OF

37 so that flow notivating gas fromthe conpartnen ws™ t'hroug
nar r ow annul afubegBaseabinglnetavhedtraigh e opaning¥s artte térepaundna e sé thavthet he

Vent uri ¢ ube I I, 10,.into an ukarjpet. wthin the venturi

t ube. - | nSt oper gl?&l( ﬁgg:ﬁﬁ?g bgﬁ% WGP, fbl%{m? h“g[ #?sdf?él& BRERHTy u%’f%e’j‘dét 25
through the uweotut ihraehthovenGli @btido@ sfahé uerturd wibe 339 Theeptemla cpdagsur e
drop in the f i ch causes_flue_gases to

I ases . regeivi conpartnent 21
be drawn throﬁgﬁ’et feust tuhe %a "é{&geﬁfﬁd puigige Fi %e\tg/g@efqnﬂlélabg%f&toééﬂﬁartnent
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the mxture t io'uel 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.



25 the burner 36 (FIG 3). The introduction of the flow notivating gas,
e.g., pressurized steam into the mxing chanber i 1 also increases the
pressure of the m xture of flow notivating gas, flue gasesempdr boed 0as
conducted to the burner 36. The increased pressure has the benefici al
effect of allowing the mxture of flow notivating gas, flue gases and fuel
gas which has a greater mass than fuel gas alone to be handled and 30
burned by the burner 36 w thout the necessity of naking nodifications
thereto. 3 Novenber 2003 8 Referring agaign to FIG 3, conbustion air
produced by the conbustion air blower 42 is conducted by the conduit 44 to
the burner 36 and fuel gas is conducted by the conduit 15 to the m xing
chanber 11. The amounts of fuel gas and conmbustion air are controlled by
conventional flow Refan-ingl agdial weEI(hrﬁd combtistioh siroprodtidedrbys thigi doatbubtiapgiar at us

(not shown) s tha ast, a su al | toichio ric mxture of fuel
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j et, preferably an annul ar jet as described above, so that additional fuel
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pressure fuel EAS fggﬁﬁ 3 F%\l/j;elft ﬁrg@f':' 21,% Qggghéﬁ?eﬁﬁg Sb%%blﬂ%g%a‘él@g%rogl f%m%%egr? ow
pressure fuel drgais intdshemaitingehachberst leanh ars mixed vwithedrelrdikac thé Iﬁm?v,gmhémmt i ng

gas, but if s i s _not ,avail abl.e anot er flow notiva which 15 is
Ovailabl e canSBATEbTIRTLAOY Ao fiatis aRep b o e A hoageal T S ogen
or carban di Rastdae jethRefeedl 4o HGuRAT jet WY Eesbribdil BEve) a6 @t addiGwmallel ¥a i Ng
gas and fuel %as % ormed. in the nixing chanmber 11 is conducted to the
burner 36 by tHESEInH Huewpsesmre drapgpiodhs Brang Fhaayre et Addtignalfeclgas ner 36

by the condui {s ##naBsheli r&?aﬂﬂh\a‘ﬁwﬂ@%@v& ol oW ﬂ?&%iu’é%él%@s Qa%aidek, tyelngas

m xture conducted thereto by the conduit” 33 ‘are m xed 20 w t hin the burner
36. The resul tibpgosrs tiivch iss lowmisssure dudl gas h&s uanfiered3 steamds ttth:eprefeupchace 34
and flue gaseg,adn, r t
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above. The f1oWC6
in the mixing chamber 11 is conducted to the burner 36 by the conduit 33. The

8|s

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



25 41 are utilized to control the volune ratios of the flue gases and fl ow
notivating gas mxed with the fuel gas in the mxing chanber | | so that
the maxi mum reduction of nitrogen oxides in the flue gasgscRbeANeed and
vented to the atnosphere by way of the stack 38 is achieved. Referring now
to FIG 4, the schematic illustration of the m xing chanber 11, 30 the
conbustion air blower 42,. the burner 36, the furnace 34 and connecti ng
conduits is shown utilizing the sane reference nunerals as in FIG 3. In
addition, FIG 4 3 Novenber 2003 9 includes a second m xi ng chanber 45

di sposed in the flue gases conduit 19 at a point between the flow control
val ve 40 and the m xi ng chanber 11. A flow notivating gas inlet conduit 46
is attached to the second m xi ng chanber 45. The flow notivating gas inlet
condui t 46 i notludesa sechidomixtythiamberndd digpoddl i thpfisegrsthearmdinin 16 af a point

control ling vol une ratio of £l ow noti.vatin mxed wi.th the flue
gases in thesbseté‘%%er?cfge YR A A éaﬁlt.he REFIBE F%@’eﬂﬁv f‘ﬁoﬁ BOUVALNE I88S second
i x: ng chan?leimleﬂﬁoihcmiti 4d iy sittachic@ to tha s\‘ih&irﬂihdlixing-rdh@xnﬁm. dTHe ﬂd?]xngnﬂwaﬂﬁ)ger 45

i ncl udes a ue .gases .passageway 62 i C 0 nicates with a flue gases
-inl et connec%a\sdﬁle%?f’ng{e‘tt gg h‘@glqeﬁ)a 4 Cé’HHOIo‘fa(f‘fe%ﬁlﬁBﬂs?fbﬁ‘ﬂ?“bf?&ﬁB’é‘FDlh‘Fﬁ and a
flue gases oughk 8ol RRG! 400 Gndtivh @B ffkel NEIHP R uE PaLeffin tiCsechRK] NT
chanber 45. A flow notivating gas conpartnment 68 within the m xing chanber

45 surrounds PHaNg shambgates passageway 62 and is connected to a flow
Cuat - . oo . . ot
motivating gas 1 nl edrgapaests 8. 70 e Bl iiRind 285 nd: 45 % R0 At Rlai

connections 64 an re connecte o the ue gases condu and the
f1 ow noti vat i g geendningting Kbambernéttincdnded0ai Buc @asecpacageway he2 fwineh

motivating gas.inlet caondujt. 46. The flue gasges ) eway 6 i verges

t owar ds t he o%t%%m%:%erlsn%'g}iagﬁe EBeEgct f?fgjtedg’ﬁl anaﬁtgaﬁaﬁq‘g%e %ﬁrcﬁ%itg%m of the
f1 ow nmdbi vat i sigmpas 48 anparflueegikeso@itiex tamdaioni 68 atdchel fd the (gas ead aftthet
connection 66..A plurality of qgrifices 74 which comunicate the flow

mot i vat i ng ga@"%‘?}é:ﬁg"’rr?al??énqt%' 68 %P‘t"hmf’%‘@t‘%tg@? i°GFPRfmE e I“ih%mzé‘eg‘é‘é’%’ég out | et
connecti on 66chahdes R8GA0RIIUAS 1uB Era8RiNisipe A 6ROILHI 8 Ntofikectd M flow
conpartnent 68 which extends into the flue gases connection 66. The

orifices 74 PARGINgSatislof ermeetioniOnohe fue paegs kel apcbeuslenpammpetionn 64 pndie
gases outlet goppecsi 066, ¥R ?g@g%sgé kp%@@%@%@&ﬁe A6 RobMRY I il T 1 ue

gases passageway 62 and mx w
15 connection 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



notivating 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 f@dBgnaPPRIALUS
illustrated in FIG - 3 except that additional flow notivating gas Is m xed
with the flue gases in the second m xi ng chanber 45 prior to when the flue
gases are mxed with flow notivating gas and fuel gas in the first 30

m xi ng chanber 11. The additional flow notivating gas is injected into the
second mixing chamber 45 in the formof,a plurality of jets which function
to draw additional 3 Novenmber 2003 10 flue gases into the flue gases
conduit 19. The flow notivating gas-flue gases mxture forned in the
second m xi ng chanber 45 is conducted to the first m xing chanber 11. The

resul ting m Xhus gased infrt% ﬂWﬂﬁQ%&%@E&dﬁghg@S The Y& rﬁ&%ﬁn@ﬁ&—ffl&éﬁ%?s&arﬁix‘%‘é nmed in

the first mxing chanber 11 is conducted to the burner 36 erein
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of the m xi ng3€h@hdbgreschis of the lowmsiBhiiggaaiii tHel combustedt Aixthiafutther Agnted6 and

t he furnace 3 wel |l as the connecting conduits is sho in FLG 5
utilizing theﬁ'@‘jﬁﬂ’ redhess dhs %W@Pgﬁa@f%gﬂq Wg‘ﬁeﬁath%‘c.onﬁﬁt %{%Fﬁ’g@rﬂx’%sé’écond

flue gases cgRdibelaRl dissheanpetiRdahesfhbR. stack 38 of the furnace 34 and
to an inlet connection in the conbustion air bl ower 42 whereby additi onal

flue gases are dr afefermefmopntotHE. Sty lengtben arkodipent 196 theouention 3pshavto t he
conbustjpon ai ki h&&t%ﬁ@kﬁ’aﬁo%&ﬂﬁé’ n%&iﬁ% Xﬁa%% he tﬁé’&@ﬁﬁ{s}i&&ai%[?we@ flow
e condul 50 for contro

control valve 52 1I's disposed int I'ng the vol une
rati o of fl ued4yabebumex&dand thh farhececdndsusel] anthaicpnnethng opdnds isothowh it he

appar acvs SO, e e ki M SBF PSR B FE°L BB RICY S4B o
flue 20 gasegasas eonditr §FiC eshnecttd té hiee brackn@g c3Gh¢ furaasd 34 uné twidnhintdae
conbustion air. The presence of the additjonal fl .gases in the conbustion
T functi ons eGP AGHE GO E® PRARE+ SRUEPEPIRUSTER (oh EREt FRAFEVS4 and
reduce tshe cofbfnthe efaciBS ERORM AX LRIt 50 into the combustion air blower 42 wherein
they mix with the combustion air.- A flow control valve 52 is disposed in the conduit
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



conpounds in the flue gases discharged into the atnosphere fromthe stack
38. Referring nowto FIG 6, yet another enbodi nent of the present
invention is 25 illustrated. A schematic illustration af i m Xi ng
chanber 11, the second mi xing chanber 45, the corrbustigrll\[&gigrﬁ‘b%{%év\%r 42,
the burner 36 and the furnace 34 as well as the connecting conduits is .
shown in FIG 6 utilizing the sane reference nunerals as in FIG 4. In
addition, the apparatus illustrated in FIG 6 includes the second fl ue
gases conduit 50 and the flow control vq?ve 52 di sposed therein as
illustrated in FIG 5. 30 The operation of the apparatus of FIG 6 is the
sane as the operation described above for the apparatus illustrated in
FIG 4 except that flue gases are also mxed with 3 Novenber 2003 Il the
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3-6 depends oEl?ea variety of.factors 10 including, but not limted to, the
size of the fHSTRRLRYPeRGMIEEdt he nunber of burners utilized with each

furnace, the form agdvilledeamdprs@bd bhendssekilled e tHe QMM AcAdcicBon SAGRESE thi t hi n
the interior of the furnace and the |ike. Based on such factors, the
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Furnace Tor mi%F R MO GREL BF ARRPRUE FOFRGEE and a Tl ow motivating gae
with thes fuel gas. Théendiwas dase bfeséht SERALIGEdor RAEdISy HRS Brfent Welnitrdteni Nt O
oxides in the flue gases produced by the combustion of an at least substantially
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 bumner. 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



the first m xing chanber so that flue gases fromthe furnace are drawn into
the chanber and mx with and dilute the fuel gas therein. The flow
nmotivating gas is also discharged into the first m xi ng pRhamper20dy t he
formof at |least one jet so that 25 additional flue gases fromthe furnace
and additional fuel gas, if needed, are drawn into the first m xing
chanmber and mx with each other and with the flow notivating gas. The

m xture of flue gases, flow notivating gas and fuel gas fornmed in the first
m xi ng chamber is conducted therefromto4he burner wherein the mxture is
conbi ned with the conmbustion air and then burned therein and in the
furnace. The 30 above nethod preferably al so includes the step of
controlling the volunme ratios of the flue gases and flow notivating gas

m xed W th thgrefdi@ly gRfided Me ﬁéjcq{iédapﬁepstotﬁ‘ﬁrd%iwgse%pﬁ&)?ﬁméhaa-%ggo&gide
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content of from8 to 14 parts per mllion can be achieved.

miltlion 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.



In order to further illustrate the inproved results of the present
invention, the follow ng exanple is given. Exanple The apparatus
illustrated in FIG 5 was tested to determ ne the nitrogemexndesoed
content of the flue gases at various ratios of flue gases mxed with the
fuel gas, various ratios of flue gases mxed with the conbustion air and a
conbi nation of the tws. The furnace utilized in the test was a 63.5
mllion BTU steam generator. The results of these tests are given in the
Tabl e bel ow. 3 Novenber 2003 13 TABLE Flye Gases NO,, Content Using Various
Amounts O Flue Gases M xed Wth Fuel Gas And/ Or Conbustion Air

Test Setting 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
10960926 ppm 25090923 ppm 75%%20 ppm 450985%18 ppm 575%0%14 1 Fl ue gases
m xed wth fuel gas. 2 Flue gases m xegamifh conbustion air. 5 Fromthe
above Table, it can be seen that the nethods_and apparatus of the present

i nvention produce flue Fj4e&assdNPnigontprbding ¥aripnyAswyntsiQf ogen oxi des
Flue Gases Mixed With Fuel Gas And/Or Combustion Air

_ Setting of Flue Setting of Flue NO, Content of
Test L 2 Flue Gases
Gases Valve 40',  Gases Valve 527, ;
No. ercent open ercent open Discharged to
P P P P Atmosphere

! 0% 50% 26 ppm

2 0% 0% 23 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



content. 10 Thus, the present invention is well adapted to carry out the
obj ects :and attain the ends and advant ages nenti oned as wel | as those
which are inherent therein. Wiile nunerous changes nay g, BslgByoshose
skilled in the art, such changes are enconpassed within t%e spirit of this
i nventi.on as deflned by. the appended clains. What is. clainmed is: 15 3
November 2003 14 CLAIMS 1. A nethod oef4reducing the content of nitrogen
oxides, in flue gases produced by the conbustion of an at |east
substantlally stoichionetric  mxturergfisfuel -gas and conbustion air

i ntroduced into a burner connected to a furnace conprising the steps of

. (a) conducting said cortbustion-air to said burner; (b): prOV|d|ng a .first

m xi ng chambey out %%@th%ﬁlo%?’é&c@%\/‘cﬂ%gon?&q o%%t%%%fg%ﬁ% ﬁﬁﬂ ’égs p?@du%%?es

fromsaid furnace as:; W sal _
m Xi ng cfbam]imeu’ormmtmtdoﬁma leafsualbsgmnslly ﬂbtchmnretrm mgcmra@ffdeegasﬁéndl east .

one-fl ow m) |vat| nqﬂg het f def ] ﬁctor and a verj tUﬁ m Xi-ng:
--conpartnﬁ?ﬁ“ QB 2K O%PF HHPé‘ Pr‘b“eg'é" @Pé@ﬂaﬁﬁmpﬁlmﬁé ‘?3?11"?1 f-a fuel
gas jet into said {i ro%hdudﬁnﬁ'sﬂﬂc%ﬂﬁﬁ@t% BYoaw mingai d fuel gas jet- - .
orrtling' nozzle so. that flde gases from said. furnace are: drawn into said

mi xi ng chamber and(Wiptoviding st wiiting chasalied ofigisle of said brmenind! fenecefori - and -

m Xi N9 CHIRALIE Yoo BEELNG sLolhC SN iy Bfd IR LR s 0aR | 1 (e

f or m of one t va I'ng -gas 0 sal mXi ng -

chanber. hyxngy,hamﬁersmlddmg @vﬁlﬂcgas yaifomgng aszgl€ tat fehdt msnélgodaﬁd)te«rahﬁg gao that
additional .. fl.ue gﬁses from-saj d-furnace and.:additianal fuel -gas, if

needed, Ertéb‘a‘?‘l%\ﬂ @ odiad eRiu ﬁ@d%’éﬁ%é‘?maﬁ'ﬂn‘?ﬁtihwlﬁh each other and with
said fi ow noti vatipg d%ﬁaﬂgﬁlgsﬁicfifu\éﬁgf}s% 'theafeﬁn'@fé'ﬁm gEOfIPRES. S st her ei n;

and (e).conducting the m Xt ure- of gases, flow rmtl vating -gas and
fuel gas Hﬂmgﬁuamlwréﬂew ¢icpidafugl g@);ettfgrrslagdlwm prethat flegasenfromisdidni xt ur e

e e T IV Wl SRR i 04
sel ect edvéﬂtﬁmmnd rmxmg compartment thercm _
' (d)y dlscharamcr a ﬂow motwatmg gas in the form of at {east one ﬂow
_ :motwatmg gas jet 1nto said. ﬁrst nuxmg chamber by way of sald ﬂow motwatmg gas Jct— S
. - 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 burner wherem said rmxture 18 combmed with sald i

: combustxon 3.11' and bumed 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 st;f-:arn: .‘
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}'ced with

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



the group consisting of steam air, nitrogen and carbon dioxide. 3. The

nmet hod of claim1, wherein said flow notivating gas is steam 4. The nethod
of any one .of clains 1 to 3 which further conprises they ﬁ SR b003
controlling the volume ratios of said flue gases and said ow not I vat i ng
gas' mxed with said fuel gas.in steps (c) and (d). 3 Novenber 2003 -15 5.
The method. of any one of clainms 1 to -4 which further conprises the. step. -
of providing a second M Xi ng chal nber ;out si de of said burner - and f ‘

urnace-for. m«xing t|v th said f] ue gases
fromsaid " fu%nace?&%%tﬁgygé hare Of FIE? 4]?’839%%%\%%%%1%% in the

forn. of safp digestidege .jet into sai d second m xi ng chamber so that flue
gases from said fur nace are drawn into saidsecond m xi ng chanber-and m x
with sai #ca@timixiopgharibewurside ofatidrigngaand firascet for. Mixhe 8ddsiisdy said f1 ow

notivati and in accordance WwWth steps. (c) and (d). 6. The
net hod 0”1%09 T 3% Vﬁﬁ@ﬁgfa}l‘t 198355 JEAT P ele Birpags, %@ﬁwéhaf@(ﬁﬁtﬂﬂoi fowg the

vol urre 1 aib@visfag SeklAdid boBRkad bf%é/\ﬁemﬁb A0 TARELALLD gl d 11 ue

gases. 7.._ The met hod " of any one of clains Ito 5 vvhic npri ses
the st ep _Tyyer canesdiren spidfemacyarsssaixmtmsaidsssicdnd tixiag ehahtd. aﬁ@hﬁk; wigonbust i on

air. rd bur.ner... in ~accordance th-step (a). $. The
net hod of i%cﬁ%[#gv\ﬂﬁ ﬁl?thvélﬂ%gasd?ﬂ%r[? EREng SRt %14 %im?l f‘t%’éfatl%%ﬁr?@d rati o of
sai d-. f| feelgas @saddoxRdee With Bt a(cqia&pmqustron air _ 9. A method of reducing
t he content -of nitrogen. oxi des I-n flue gases produced by the conbustion -
‘of an at | east substantially. 'stoi chioznetric mixture of fuel. gas-and

combustion ai s i ntr unn nnected tq a fur ace conprising
the steps of: (a) c%%%%ﬁ |an§f8%%? d%‘%o@gtﬁl PO e} g"esgéqpoo FAFRRIFLNS ( )
provi di’ nghavcﬂumetratm i sagl addithaabfdw aletishtdes @k nﬁﬂbcﬂwﬁtﬂ%ﬂ@rﬂuéﬂgsefs“r nace for
m xi ng ‘fl ue gases fromsaid furnace and steamwi th said fue gas; said

m xi ng chanber/- i ndlhgdraiepdoffang|ongalclpigts- If tordnivhigh figther eomprates Heast  one
st eam j egt f Qe m. n%Oﬂ def | ector and a Venturi and m xi ng corrpart rrent

orases from satd fumace w1th sald combusnon air conducted o sard bumer 1 -

accordance with step (a)

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

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

— 9 A rnethod of reducmg the content of mtrogen ox1des in ﬂue gases producedm
by the combustron of an at least substanttally stmchmmetnc 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 outsu:te of said bumer and fumace 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) dtscha:gmg 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



(c) discharging said fuel gas in the form of a fuel jet into said first
m xi ng chanber by way of said fuel gas jet-formng nozzle so that flue
gases fromsaid furnace. are drawn into said chanmber and; i WMd Boghd
dilute said fuel gas in said venturi and m xing conpartnent therein; (d)
di scharging steamin the formof at |east one steamjet into said first -3
Novenber 2003 - 16 mi xi ng chanber by séy of said steam jet-fornmng '
defl ector so that additional flue gases fromsaid furnace and additi gnal

fuel gasmiiific ARRARE by W8 of@ﬁld%aingéfpfo&ﬂh@ deﬂ)éctﬂgsccﬂhammumnahﬂumgasew th each
other and with said. steamin.saidventuri - and m xj rrpart -t herein;
and (e). Femtspisl fumage @%adﬁéql%ﬁ#ehgqsogﬂﬁ?dega?fﬂ dfar%mé‘giaé‘gmé’ﬂﬁgg Ei‘”E'P%t eam -

m xed %ﬁd@mﬂh E&b%'oth&aaﬁd‘vnth%faﬁps% (aﬂn Aot alixidd doskpghigti ng-  the

m xture gases, .  stearn. an gas formed in steps (c) and (d)
to sai d therehgrandher ei n sal di ni xture-i"-s combined with said conbustl on air

and burned thereipn an r 0., dhe neth f whi ch

furthet' conpri ses: {]edg %f"éﬁ% CHP[}W ﬁﬁs %\tlsa %en%?sem %idsﬁﬁ n}‘e?l out si de

of said Q;{ﬁ@ﬁa A as fﬂjgtétﬁ;qe) §@r(d):wh&i-ng addi ti onal  steam WI t h said flue

gases from. said- fur nace, , . and. di. scharging said- steglml{gg%\{ohe form of at-.
o]

l'east .one, jet i nt &) geridycting: ba anixrsotflic. gapernpieam and mped i §Ses from
said- 0 {lt)ll ongcﬁ t@gﬁd LA whedel Rid S8de 3 &ﬁﬁﬂnm Mtﬂgmﬁleéﬁgﬁdncfﬁ% dHdx Wi th

sai d add eamprior to mxing wth.sard steam and fuel gas . in
accor danbaned theteiss fuepsi s(aei)furrmdd (d). 11. The- method of -'cl-aim 10 whi ch-
further. corrprl ses the . step controlling the volume ratio of said

addi tional stq T ket cgaﬁbﬁmsuvueh 9338 SomblisesTHE BB bDAG a2y One Of

clains’9 to I er conprises the=step of mxing flue gases from
said fur @ﬁ@&dmiﬂh@“ahﬂnmm&a ofi saitirbwinerdarst &unacs. for saikgbaddagenai n
accordance with step (a). -1532511 ﬂ’g et hod- rt her

conpri sed eé’é‘n‘l‘.”rﬂé)P?liiﬁlgwtﬂﬁ‘ées f?%f“reeaﬂ d?ﬁ#ﬁ”%lféldg%esa@’sm t&h f%ﬁ“ with

sai d CO”‘BPS& '}Qaﬂt 3he. jet into. said secoud :mxmc chamber so, that flue gases from sald
fumace are drawn ‘into- sa1d second mlxmo chamber and mix Wlth said add1t10na.1 -

: 'steam prior to rmxmv W1th said steam and fuel gas in accordance with’ steps (c) a.nd_ o

(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 W]llCh further compnses the

' Step of mixing ﬂue _
- gases from seud furnace with. sa1d combustlon air conducted 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 ﬂuc 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,compns1ng. e o T



14. An. apparatus for reducing the content of nittogen oxides in flue
gases produced by the conbustion of an at |east substantially -
stoichionetric mxture of fuel gas  .and conbustion alr,3ﬁ§MgT

bei ng. conducted to a-burner connected to a furnace by a gas condU|t
and the conbustlon air being- conductPﬂ froma source of conbustion air to
. the burner by 'a conbustion air ondU|t,,conpr|S|r|g 3 Novenber 2003 =17 a

first m xing chanber for_ m xing es f [ WRAGRiAdifg azab | OW
not i vat m@rsgamxmwcbﬁﬂ‘%%@ fTU’é‘ngfik‘ﬁ q:?? ﬁ@a%géigd?n 18t for connection

to said fi al@%ﬁelfggg‘i’l%ﬁg adfublugls GRS f¢re¢0nﬁ®t1m g sadArleas or forming a fuel
gas j et WthRn said m xi ng chanber, a flue ases inlet af)cl? ’ﬁgﬂ ned so that
flue gas;@ﬁdﬁrafdalag;Aﬂjatﬁowgndzm S fipming 8 Awrd €25 I Wé%‘?’cf %as jet, a

first. fl ow not i_vat i ng ﬁlgatsffmﬂl o%d s@{bta} gas as@é‘ﬁ're d}g‘ﬁwnmgald/ﬁmmg gas '

jet- f or rAhARORe P TUE £8F° tivating gas jet Wthin said -
m xi ng chaBerby SRl ﬁiéagasqetdatfmmm mbtmmngmmlgtn a@apm Bremaiyaingas, | f

needed; are dravvn i nto said_m xi ng_cham ve o ber

conpart r@agetffhmgdeﬂ@ﬁtorr@&f%@%gﬂo‘ﬂ 1"&8@%%%J§%‘.%hf‘|%ow not |gr\}gleaﬁafnngr as and

said erI ﬂ%’ gﬂde%s&aaﬁﬁsaddi‘uoﬁﬂ Bl da¥ A€ herglegose andmfmelsagla:slxmﬂ&t ure

outl et; f es conduit faqr .connection to Sffug 9aﬁs n&%ﬁ?&onnect ed
t

to sai dcﬁ‘ahﬂwr gaz&ﬂmn-anﬂlrwuxg‘cogmadmem@@fe@hfé’ﬁﬁéﬁngéa‘p I'vati ng.

gas conduit for .conn n,to a SoMre LiOULtivaiab ioy@dridielgas ndeturect ed
to said mPBWtWStﬁa%ﬁ?‘f 58‘5’%%?%% 0 @Sé‘g ﬂt)m X F\g cﬁgnber ~and a flue
bases, &RYA‘ .ot ivati-ng gas and : fuel gas mixture conduit. for connection to
sai d burher ‘connected to said flue gases, flown iativating gas and fuel
gas mxture outlet of said chanh ErncARRALALAS fuhcecdoatsatddtonhi ch.
further. corrprlses ?’rgié st‘?1 ases & %I{megngethe vol une ratios of. -said. flue
gases an%m;g_ %QM&Q}{ISmatﬂrﬁg;h@aSem xed wth said fuel gas. in saidfirst

m xi ng ¢ I sposed M- said first fl [ d first
fl ow motivating asadostdigw mOI'G'aU%%ESeﬁ?BQWg??fg 5’$ g‘:t%gllqgn%ls‘)ummﬁre&?ef&? said -

means for. controllin JEmbaldiag @ islai of $didienidiag ebambet’ sai d - 1-ow
_nmotivatft H‘fj’ Iéfété“:t Easscglngegt FO S%(glﬂgre cor npr| sed. of .flow control valves_ |

7. The aglq@ratus of any one. of cl alns 1 "toi 6 WhICh further. conprises:

! ﬂue aases ﬂow motivating ‘gas and fuel oas mmture COHdU.lt for

cormectlon to sald bumer connected to said ﬂue gases, ﬂow motwatmo ga; and fu.el

. gas rmxtur_e outlet of said cham_b_er o

.1.—-5 | ~ The a.pparafus of claim 14 Wthh further comprises t}}c&{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 means 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 A ,
| 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’ from‘sald



second m xi ng chanber for mxincr. flow notivating gas with said flue gases
fromsaid furnace leaving a flow notivating gas inlet for connection to a
source of flow notivating gas and for formng a flow n3tNoM@hibeg29@s | et

wi thin said second- m xing chanber, a flue gases inlet connected to said
first flue gases conduit positioned so that flue gases fromsaid 3 Novenber
2003 18 furnace are drawn into said second m xi ng chanber by said jet, a
flow notivating gas- flue gases outlet connected to said first flue gases
conduit and a flow notivating gas conduit for connection to a source of

fl ow notivating gas connected to said flldw notivating gas inlet of said
second m xi ng chanber. 5 18. The apparatus of claim 17 which further
conprises neans for <controlling the volune ratio of said flow notivating
gas mxed with said flue gases disposed in said f]ow notivating gas
conduit. 10 F@mesgfLe %rawar“gtt) §id geopd HivHhe almmbrEbEsaH Jeh e dloneBee afipg gas-
control ling tfhe gad@loufi® dbRkdcRdab sSaifdst e WadRich Rt A8 a0fsv Mo ealingi d8 sai d
flue gases conprises a flow control valve. 20. The apparatus of "any one of
claims 14 to ceuduiinfes cenprcian & §oawee obfflow mobwina ar sanngctedite saidceust i on
air bl ower. s od s I: i.ch further conprises a second
fl ue gases %%ﬁS%F§;$§9ﬁggﬁﬁgg?%€ﬁéﬁgﬂg%|ém?ﬁgnace and to said conbustion
air blower so that flue gases are mxed with said conbustion air. 20 22.
The appar at us of ai 1 which further ri.ses.. nmeans for controlling
the volume ratio g%’sg? fwﬁ%agﬁsgicp“§e &gFﬁls o c %Bﬂg?fdﬁagFrﬁ”

di sposed i n sahitolige ted-otdnuteraga € said dldumbtivating 23s mited Wiip edidiflus gagescl ai m
22 wherein saj. conIroIIin%@%@E -volune ratio of said flue gases

d ngans.fﬁr
m xed with salFOESHBERAS 8K BHVaRgEsF a flow control valve. 3 Novenber

2003 19
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 blc;wer 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.



FUEL DI LUTI ON METHODS AND APPARATUS FOR NO,, REDUCTION 5 Abstract of the
Di scl osure Methods and apparatus for reducing the content of nitrogen
oxides in the flue gases produced by the conmbustion of 3fNglkentas 20
conmbustion air introduced into a burner connected to a furnace are
provi ded. The nethods basically conprise the steps of conducting the
conbustion air to the burner, providing a chanber outside of the 10 burner
and furnace for mxing flue gases fromthe furnace with the fuel gas,
di scharging the fuel gas in the formof atfuel jet into the m xi ng chamber
so that flue gases fromthe furnace are drawn into the chanber and m xed
with and dilute the fuel gas therein and conducting the resulting m xture
of flue gases and fuel gas to the burner wherein the m xture i s conbi ned
with the conbustion air and bur REHLIDILUBTEON METHODSCENDF gure 2

' APPARATUS FOR NO, REDUCTION

2 Abstract of the Disclosure
Methods and apparatus for reducing the content of nitrogen oxides in the flue
gases produced by the combustion of fuel gas and combustion air introduced into a
burner connected to a furnace are provided. The methods basically comprise the steps
of conducting the combustion air to the burner, providing a chamber outside of the
10 bummer and furnace for mixing flue gases from the furnace with the fuel gas,
discharging the fuel gas in the form of a fuel jet into the mixing chamber so that flue
' géses from the furnace are drawn into the chamber and mixed with and dilute the fuel
gas therein and conducting the resulting mixture of ﬂué gases and fuel gas to the
burner wherein the mixture is combined with the combustion air and burned in the

15 furnace,

Figure 2



