10

15

20

25

06784 USA TITLE OF THE | NVENTI ON: PULVERI ZED SOLI D

FUEL BURNER BACKGROUND OF THE | NVENTI ON [ 0001] The

present invention relates to fuel burners and nethods

for combusting solid fuels with oxidants, including

but not limted to oxygen and oxygen-enriched air, and

in particular to such burners and nethods for

conmbusting pul verized solid fuels for 5 generating

heat in industrial nelting furnaces for glass, cer 6784 USA
materials, netals, etc. [0002] However, the invention

ornases "rersons STV TRESINERAISN T CEoorte

mmy be used 1n TGV ERREP Sor D UFBUBMERE R i ng o "

Eiplplniscgtnidogtséani ncl uding but not limted .tg ?Eg}snt

burners and net h@g‘gﬁég&rMﬁ*g%-ﬁQM uel s with
todif “serFe RRSaR mGRyPhtEaEs Fobeliurdd AR ritick 16l erflusting
sob@lﬂ{eilsgﬁﬂﬁd)ﬂwﬁgﬂuwhg; tﬁt{i;negﬂmihegijo?(?g;aﬁar\(/ﬁ)qgen-gth air, and
i BEEUATPisuoR Puitgis e mHodS os oI AR sajifusts o
geasatiag hedius ndubtianaeltingfuenabes ¢orapesd, caratdicSnateedals, Metals, etc.

5,104,310 (Saltin); 5,743,723 (latrides, et al.); 15

[0602] 6, ABWwevid Lthefiventien isalot imitéd foarse withfsubhiinuessiabmelting
3,894 Este

furtg’gu ht%gort%éiillﬁgﬁi fheZI\Pbr‘é\ﬁIE ,ref?gnl(zt?gt??i gje( bl{{n@rg)g’ng Wthods of the
richesLaatreb) o i g i il ptthos
s st ol Pen? iniang St 091eitoa (2ot ot
toffdin SELAR Tt o REAAds IO hrBiting i 7S P grqpants. suen
asuxgligeraanmd/on axygen-africtied airl a'artewvell_[l(bﬁ%] MVdriGus typés offuch burners
nad foen deveianefiior SSmpfihafines G ST g IpEGahY By ue
buresxs haﬁﬁgfmmtzﬁgeb;or ao?wtp?gs?ed f@‘rsiubply?f fuebanhdzlexyge?. Sluch

. .C ;
oS T eRuS LS Fai Ko o s ORaTEA0n & a3 (RGhS et oL
andlas;6850465; (Rio) @t al.)v atter sughbagdrabe thlghtin 0\8. Pat.\Mosn 3,894,834

(Epiady 37y (BRREE A2 Whunn e affhos [Rns phE: GBda.res

(Thyldn); ahell).SePateht Applicativn Puttidatiomt mt2008/0075843(Wameeha)|
structural and operational differences. -1 06784 USA
[0604] exBopdreampid)d).SuPateNoi 3894834 (Exstes) disalobes areaxigllygrdsijtioned

ox?—r?gel%ugn%%vritﬁiln avc%laY/gir l)ﬁ’rngp o ggjuist?ng flame length and maintaining
stability.

[0005] U.S. Pat. No. 5,743,723 (latrides, et al.) discloses a three-tube oxy-fuel
burner comprising: an oxidant source of at least 80% oxygen; an outer and an inner
oxidant passage, each connected to the oxidant source; a fuel conducting passage
disposed between the two oxidant passages; and a valve to regulate the flow between
the oxidant passages.

[0006] U.S. Pat. No. 6,685,461 (Rio, et al.) discloses a burner similar to that of
latrides, et al. in the ‘723 patent, but with several structural and operational differences.
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t he burner for adjusting oxidant flows between the two
06784 diSper tubes. No limts are specified for the

oxygen concentration of the oxidant. [0007] U S. Pat.

No. 5,104,310 (Saltin) discloses an oxy-fuel burner

with several 5 configurations, each requiring a

central oxygen nozzle connected to an oxygen-recei Vi ng
Far lesarbple, thetbiuoter issfaptened tf a bivsebauare ahd agontrelyalve dmioused in

ik H5e P Sy GO E SRR R, SRR o
spgcitied for theaokygen concentation dfitiharoxiti@antcent ral oxygen

nozzle (relative to the fuel nozzle(s)). Several
[00GH]i at UdhPat.dd. BeitD4cB10 (Saltinpdisclasestancoxyefliéldwirmgy with several

o AT, RSP R0 B

chambee(whigheis ipahtef te mxyerk at leastzarledf(is))naztleaadially spaced from the

o Lol S hafT g By i Sy e

distankiet fraon tHeocenkral axyger netzld(relativestodhe tues seatleds)pv8evaraliny

s A 5B B BB 51 B gt

fudl@naroxygkrstol thes barnienis|d olifpjackétider. the burh@r; pR2EBhdralxixygen

no%t%lg gslr)rﬁl %Cg%‘?e?él{rg R’eﬁgnﬁsﬁé@bgbﬁélf%% inog{lg ﬁ]%t ﬁggsmits only fuel
(.6, B8BadidAgdsfkazaki, et al.); and JP 60-194208

(Takayuki Abe). [0009] In addition, various devices
[00@8]e beeadditionab tpeokyHfael buseersidishugsed\above, eaany other solid fuel

o 4 B R o A A b
ard discibsed i J SoRat. Nos) 4487263 atsky denal.§;e5,096;339 (Okiura, et al.);

6. 7156 [T5hierd, B4y 87s2kp6 OR%jeY, o §1-6 588 BTE QhHzaR e 1Y ana uP
68194008 1{TakdyGki AB&).. No. 6,475,267 (Lehn) disclose

different types of such devices for use wth burners.
[0p@a]10] InThaditioun; naEnicars aiedicels havedseeri devealopedifos lnee with ulyerized

el aRbat B4 R SRR B b obiln EO Ao
U.Sg Prpr. ds>lml 4,274,348 ¢Kokkinos) disclesasat ?éﬁ@ffsstabiﬁiin@ tgoitioh pf coal-fired
R o AP0 B - Mhgfbar BB s v par
Nd.1624 7528 7c(hebr)tdisiasetdiffarént typed of sueH devivesdel yseavithdiumners.

robust flanme stability, enhanced turndown,
[oathlust dbe butnerodnd devinespiscpssed aboye have addresded| viatigug problems

B o s SO G0a PPl ond "
problemisuelinaig, ordtave et béerusatistakwyily ddapedsdpd.Ct her pr obl ens

that occur with conventional solid fuel burners,
[06tHeci &bt gxamvple,tthe pdavant tfds. ret taugbtia bauhef amd mgthodtfer)combusting

a g@ﬂgg@ﬁﬂ%ﬁn@&k%ﬂﬁ/ AR R N0y hitsin P8R ndREERbIE enhanced
turndown, adjustability of flame properties, and the ability to combust solid fuels of
greatly varying properties, in particular, both high and low volatile solid fuels (including
petroleum coke).

[0012] Other problems that occur with conventional solid fuel burners, especially at
turndown (i.e., reduced firing rate) conditions, include weakening of the axial momentum
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of the burner flanme, the | oss of coherent flane
06384 USAUr e, and shortening of the flane. In general,
the prior art burners do not maintain a constant (or
nearly constant) flane length over an entire
operating regine. [0013] There are fuels and/or
conbustion applications for which oxygen/fuel (so- 5
of tredl buzdlerdlayef, trel Ig:ss:mmobeltenbﬂame stwagenamhocﬂeemg of the flame. In

geﬁ%rragﬂ:i'eebnoq%%iﬁ‘ﬂér %Pg’ﬁp%ﬁﬂﬁ' Hétgﬁt oF ﬁéé#y%%nét%ﬁhé?ﬁ@ length

uel conbu t e € are
ovprdreentye pperatingregimé.o oxygen- based sol i d fuel
conmbustion [(e.g., U S. Pat. No. 4,928,605 (Suwa, et
[0e13]) afibere dreéSfuelRaand/dieombusiinh, diplcativos oy Which hxygen/fuel (so-

o 3 iy DA BB sy R SAB B B buporr

reslts eeldtivegtotair/fuéleofnbustion. IWh@a&em areipriot arv pateots pertaining to

o R 6 B 4 ) P 38808 B, o )

u. Seﬁa)te Nat 419922284 Y euhg)} thesy patentsdianateshtisfaatopity andd t he

R bl oS Fhmoned plotfing S8REalke BFRIEP e

chaltwgles diséinctive ip oxygyehsoased tombeastion g Sutle oipsdlieages nelate primarily,

o S4B P T5Enot Wiek ls LERRSHIOA BB o o

potmﬁaltyadiétympmat eftdict thaethiese fianes carplanendrsburnemandgamace

oo SRS Byl e BB AR g RRfRIE
enrlamegieftamayls affan laettommlshed by tlrre yseiah wathcooIad metsf Althgigh
s _cont

sugh BRRF BTy praect 1Y bt GrmieBentont naby e f ion

temperateg damege;the jagkeaatid complealty arfvbcast &ctha psratiom, while not

. f id fyel nb
mii&ReSioane otk SFepERa) Sovss ot HRRERPa5rE B de, vion s
controlyof flow llistibutienpis. ow moﬁlesrwgbm theiburabsitozziz) and mixing patterns
of YIS GAPRER: 4 etk ot STk SBmBAE or: [BRSaERY ool BRctant fow
dusghmmen and miriny Ietatlb gbt ?ﬂybtd mynrg tqn:ﬂetraum a‘agnafg_e p?u abelro tar t

rner n t hods combusti.o SOl | uel s

mpifoRenR pHaie o8BS B sttsebim s o bl Aetfed
cogfporetteod for conbustion which overcone the

difficulties, problens, limtations, disadvantages,
[0att] dein viewotthese ahd triaay pthetn pron‘dms perp!lromg tbeprioeaittdurners and

m B Bt CoBByI0h DMl AR chBapsnh Blesiin I hrsB Rl hgr ana a
methu@ttstcombustfourwmmmtom\@tm difficulties] peiblems, limétations,

cigptibes. 20 BNttt Pl e FivRlp BT pif el adBhageous

regdiisch attain robust flanme stability, enhanced

turndown, adjustability of flame properties, and the
[oaiB]l i t it i furtbendiasired swhavd d melesefficientrbmatdr and arethatbof combustion
fop%q % ticul both high and I ow volatile

S

NE §o' J] fuefJ Jith &Y Bxidant!
[0016] It is still further desired to have a burner and a method for combusting a solid
fuel which attain robust flame stability, enhanced turndown, adjustability of flame
properties, and the ability to combust solid fuels of greatly varying properties, in
particular both high and low volatile solid fuels.



10

15

20

25

30

-3- L 06784 USA [0017] It is still further desired to
0684 &SA burner and a nethod for conbusting a solid

fuel which achieve a | onger, slower mxing flane with

| ower peak tenperature than would otherw se be

achieved with prior art burners and nethods. [0018] It

is still further desired to have a burner and a nethod
[00tH] cotisstilifurthen desitadito have adlurneniand agnéthed forncppbusting a solid

o . . oy )
ettt Bty GEweriiig Mamle rIEwE b eEk ffBE AT than would
otiparivise berachieved wth prior arsbwrnets|andunetheds. desi red t o have
a burner and a nmethod for conbusting a solid fuel
[00t8]ch Bis stitigurtien desieedkivihave abwenrer and afmethed fou campusting a solid
| an ] - f .
ol ety B 00 o SR Bge EFHFIGTEles AT nomaly attainable
withibuneers aad thethodsiof theoprior 8@ net hods. [0020] It is still
further desired to have a burner and nethod for
[0@t8Tbus ttisgfilldurter iddsirdd to| haws adiurfes@nt iatraetbod tor gombusting a solid
fu wHidestRAGREh the $$U§| Roméftdncithd Qafs: fla%@aﬁc{‘ﬁr(e?éﬁ( the loss of
provi de a®neans TOr mal ntaining nearly constan I"anme
coheregt tiaroe struciuredinatioceurs wéthatonventionalgioli: fuell Buhesard combustion
m%tﬁ ggi Il further desired to have a burner and a nethod
%% ombust | ng a solid fuel capable of stably burning

Ol 28 S Y G a o

fuelvehich faeﬂiﬂat&ileﬁgthemogbmimgweaﬂambia_ti reduged loads:ramdrthereby
AT RS PR B S Sh oA Bl corn

regimehave a burner and nethod for conmbusting a solid

fuel 20 capabl e of supporting oxygen-enhanced or _ _
[0024]genitisstil fudinds gesireshto hapRaERNBRARYNERod fgF combusting a solid

' | > '
T S5 PO A TR b ot
G2, Sl PP BAATE Rl s, RUABS or g a o
fueliviedéinEams promotks] caTrer asljustes vialcontl of iastashmixing praperties.

first enbodi ment of the burner for conbusting a solid
[0023] . 1iwalbo desired tegve aibumer And method fapeamiustiog asolid fuel

' j [l [ IS ' Axi dant
cepie B sl o G Bt P fudl o o
the first oxidant inlet. The first oxidant conduit is
adapted to transmt at a first flowrate a first 30

stream of an OXBF\ﬂ'-th ngcg@n?ﬁ mt“yé,q-r@ﬂ dant inl et

and exiting the first oxi outlet, the oxidant

[Oggtr/]i ng/TﬁQ pPESLAERVERIBA FRIUGRS aBlirsEr @RH A méthad iétRerbustihg a solid
. 0

fuel. There are multiple embodiments of the burner and the method, as well as multiple

variations of those embodiments.

[0025] There are multiple elements in a first embodiment of the burner for
combusting a solid fuel. The first element is a first oxidant conduit having a first
longitudinal axis, a first oxidant inlet, and a first oxidant outlet spaced apart from the first
oxidant inlet. The first oxidant conduit is adapted to transmit at a first flow rate a first
stream of an oxidant entering the first oxidant inlet and exiting the first oxidant outlet, the
oxidant having an oxygen concentration greater than about 21 vol. %.
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-4 06784 USA [0026] The second elenent is a solid fuel
oe7eadigAt havi ng a second | ongitudi nal axis

substantially parallel to the first |ongitudinal axis,

an intake, and an outtake spaced apart fromthe

i ntake. The solid fuel conduit surrounds the first

oxi dant conduit and thereby fornms a first annul us
[0026]\/\/6 eMhé becdnidretémentiigia solidcfaalchontiuinhaving@ secdniddorigitatinal axis
suﬁ.Ftmellg pgfarfl tprtléq]érﬁglppglgﬁ)énaiﬂ)ag ag%gp éj‘,ﬁqr{d% { ruq’lals(én sE)ac%d apart
frop@ttel ictake. Tiod scbliﬁlefuékhloh(iunc sietounds theifingt dxldant mnalkle anadh thereby

exi th'&%t he outtake

27] t hi,r
ofa Gttt vioat coneh ald Firsgyis b fapauit. The
firsbeinBulus idosdaptdd taltlayisii aahikiire bica frivispdagasadnd a plurality of particles
di nal axis,. a. sec ' nlet, and a

OfQ%L]%?ﬁ'Ql#HﬁheH?ﬁ'f‘gH?ﬁ'ﬂ@f‘eéﬁaégigox dam"@!‘%m the second

0" 2oh i) SineblR aoeEonsniabr Pbhyihsbl e e s
substantially pb?dll%ﬁt@ﬂhe séwond %ngduauualax@oa@ucdndacmbatnh mlet caroral

seBpor ATt apiel saess apan T o o B TUEE o sond geicnt

copduitlirtoudts & §dhb el @andiarEindiisetebgiorms a@e;zg&ﬂannulus between
concentration at er tcran about 21

the ée't%fae'sfﬂng%\'h? SeRYNY Pridand cendi- J%P&&ﬁ?ﬁq ?ﬂ’\é‘?“sdﬁ gdapted to

trfvsmﬁtlt sﬁg slteb@nolsf?fv@mb Q%é@tﬁi@tst@utn' éftthe dﬂdérﬁt@ﬁﬁﬂ\ otTief oxidant having
our el enen I S neans Ir s e xture, .

an (YT aooS R O AT HaE Ban ADAUCE T ok Vot SARES90OR0 SrEa eptsying the

sechfd Bxiddn irfetMdaRiRg tﬁé‘@ecfohd dkidemtisliet. conduit and a

dense fraction streamof the m xture adjacent the

[oezé]l d frHekoprElsént isTheankers eedre tnnghle mibltlireProximate the
Etalns a first nmass r i 0 .of t

o 4 5 s6antacton,igparn o e dpure ariacesh e P oidasr RogPHL and o

dehis8 Gabtith SIRAM dfahé Midire lHARICEAANS BOIIM fuBikdntigit.t Tie Gesiedraction
fuel, the 20 second gshratlo bei n rea

StieRTGOnIARA e 19SS (920 herranspad Gon bybp i {ugh 2 e Iean

frdctio btrédnh eamtaint atdagomkmeagatieof tHertﬂantsE&t fag RithesoliHobl, the
outl et conbi nes duri nq%gconbustl on wi.th at | east a

SeﬁB'ﬂq M@as fatiodeing qregter Et"?eofl‘fs'sm?%sarﬁf'o t her eby for m ng
one adj t he out t ake

i Nn conbust.i on
tofSeg. " &t (6851 Bt Of tig et SKeATR SLine ek eDt Y thg ftss qeidant
oudet édh@ou@éé’@jrm@)@oﬁm*stlmuth atJedsta ppaivaryd tr@qedmnactwntdtretam
0205 AR S bR ST o AuAaRet A ok e85 Forn of he
se@dﬁ%%tr&dj@ﬂbﬂmblo&ﬂaﬁmﬂh@ ether ?)h@arit @quhg mﬁwsm oxidameatiet
ere re. man riations o

CoBNRJRR HERE COBU oMYA 6asf f PGn o Hie deres frécuan seagy thereby
fomiAg ah oute? cbinbGétiohlzore hairtha itthet Bemb@tiondohé.ow rate is

varlable In another variation, the second oxi dant

[oom]d ui trhanéct\ré hfanwtanahd‘nts Ek théﬁrﬁsilén:boﬂ[rﬁerﬂ obileduimer] Ilryo?e
e 0 V Iatl on
VAR, aSkne e st e aniine Sepert e rat Brvagpls.

andfitbr VAGatRACHRGebdnd@idant ostiittandnge sslidddélabonduit are substantially
co-axial. In yet another variation, at least two of the first oxidant conduit, the solid fuel

conduit, and the second oxidant conduit are co-axial.

[0031] In another variation, the means for segregating the mixture includes a swirl
generator disposed in the first annulus proximate the outtake and a vortex finder
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[0031] In another variation, the nmeans for segregating
oeBeugiaxt ure includes a swrl generator disposed in

the first annulus proxinmate the outtake and a vortex

finder -5 06784 USA disposed in the first annulus at a

di stance fromthe swirl generator at a |location

between the swirl generator and the outtake, the
disposécin thé fifeanmays atg distasict fomitiee swieligenelats at & houatiormbetween

thapif geRbiatd apeing Sulakeofie vou el halRg e diauli gl ess than
a firstrHyardulic fRilisogfake gt @inuldze 5 mixture is adjusted by

ei ther increasing or decreasing at | east one of the

[0682]r auTheére fapslseiieral Ohridrte ofbistvaiiafiorn daronavdridritesegregation of the
di stance framthe swrl aﬁ? rator. to t

, ; he s , he vor , :
ik R {G A el B RIRE PO 4 Go4 HESIN ot 5ot PR b Peyygraulic radius
of el ViRtex $inbiér andane BisRincs from BB R gheraces titslvgrtexdindéo In

contact at. |east one o raction h%t ream an

f the lean f d
anpihet Uetask the Yoitedindet hassiiner Awilaanes ALTRIGNIGNG Vanes adapted
to E:Em@tlat:eﬁse?@ %ftth@ |egﬂlf&adtic§m§teahoﬂmt'hbtc?n§e afaﬁmts'treamoﬂn yet
e vortex finder r oxi e the outtake forma .
anQes VA ihe PUaKe ot e RpIR B! GEnoarei P o e yGex finder
profdbfel taél obttal@tforrh A adkEzIe fi pedfiled an@ tevedzdledtipfR b€ CRodified by at
the outtake and an i nward conver egce_of t he Y%O”I 0]
legst ope, af %P‘Etlé’i‘mf‘i"\ﬁ%fe?"‘iﬁ%t'?%?t@?‘ﬁ%@ GiRvad copysgance qf the
portithildl @e Votexdhteproifale thBoulakd. ake and the first
oxi dant outlet are substantially parallel to each

[omsd]er Mgﬂiﬂ?lﬁ&bﬁé’t{dnagd)t?i rt]rhettnou'maikiar.asautzl ém.ii mteqmmt b batietiaed | y
erpendi cul ar to bo e second | ongitudi na S
substaPiAY GacaISke Sarh oo and pURTHAR DR esbatagfaly
petpeniicurzX telBoth tieeiédcehd Ighafudindl @iisi 2 thecduttake ahd Eritfirst longitudinal

stream. of the oxidant initi aI{1 contacts ehgpor | on, .o{
axisat thetist exidant PHiptsNdsa RPN pHBe first stieam gf t ntipiially
cohtactsia poradeof the Iean frtibBireddh of ik idiaFfd &tdbdlt tha first plane. Ina
Vagortl on of the secqnd istbream of the oxi dan

] L, ) t qr the .
M T3 Fariaton. 3 Peripd Pl (e SeFandkeam ofdpe P or ifether oxdant
inifl@ySRNfachcd perfiors bf thadeRse fritioRisttbath®f e raiktué abasdubanother

20 pl ane spaced apart fromthe first plane. [0034] A
m@%ﬁ%ﬁ@e%ﬁBQHVW@ﬁ?ggﬁtPH%&burner is simlar to the

first enbodi nt of the burner, bu | so.i ncl udes a
0617 | o SopanLeBROTHent the puper st fo DR gt empdieiy of the
bufndrhbuit&ITRQGHEERNwiREr dififosed imie first oXidaht cundtie t he

first enmbodi nent of the burner, but also includes an

[oe35]i | izgrtmrcga?b@?mdﬂ a&f th@bdﬂ’f’hlgrilésfr@ilarrtmht_hbgmiemb@_ 'um?nt o{ the

axl s Sy ntil a . para e fthe . thir ngl.t ydi hal
buiRar bt Bsenardenan ey Sassoncut ASung & feurn gty Rar s
subsiahidlly paseiiertha aeard lohdgiiinahaxis) i duxiiaty gagsnletbed an dbxiliary gas

uxiliar as conduit,  surrounds_the .second oxj dant
oL tnscet Bedlt Frortan SUXPY A Te Sy Sos egiul Sotppnds the
se?_@ﬁ@?ﬁd@?é icdﬁdllitl arrazlcc_ﬁélr@'btéI forme é:\ttthﬁid tanmjldxsi @éttWe?ﬁme@ﬁbdad dxidant
e [ anpul us I s a e ransm 1 r .
coPpli ke AixUe bR candu thednys ans auape fo dgrit at a thir
floalpatd adsticamast ahHukitiaftds @xtdring thd Akiliary gas inlet and exiting the
auxiliary gas outlet.

[0036] There are multiple steps in a first embodiment of the method for combusting a
solid fuel. The first step is to provide a first oxidant conduit having a first longitudinal
axis, a first oxidant inlet, and a first oxidant outlet spaced apart from the first oxidant inlet.
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30 auxiliary gas outlet. [0036] There are nultiple
063B4SA n a first enbodi mrent of the nethod for

conbusting a solid fuel. The first step is to provide

a first oxidant conduit having a first |ongitudinal

axis, a first oxidant inlet, and a first oxidant

outl et spaced apart fromthe first oxidant inlet. -6-
Thei secomstapu;m treinemd dlrough thedisstioxidaot eanguit at a f"lshﬂQWI (e a first

stltée?fr?m ‘Et*x ‘%ﬁ{ m@agf%bﬁ c@ﬁceﬁtrﬁh&r?% reblePWah | onJI S, the

n concen
firgrca(maet entéring thb dicat ogidantanlet a:ad emtmg the fiest ox_‘lslard@ntlet. The third

e
paraltel thediimu:mgithdmalra}laaae mmndﬁrgouﬂaﬂe lsaac@mpart from the intake,
s
anmnbleis betweknfthe first oxidanttcoedunrandwe sglid fuel dondait. Afoutthretep is to

vt Bl G ARG R & 4 b AR ABHIEBbarices
of #hd snlidtfirel sthe miktaret enteringethe imtaket dndoaxtingitheeodittaket The fifth step is
to %P@\)SA;E Is%og]g)&gj{aﬁtt %Jgd@%f]%\gﬁi g gfiltd I?rﬁ@tuﬁqﬂg %‘r ééé%b%?dn%% daarallel
the becandtiarigitueindl axis, alsegondwmacdamtrﬁéteandm sedonfitolxidanequtlietspaced
o e BoBB 8, 860 SR oYt ot e
canduianditheretly farmisg ?:?mca(r:ngummbém?emthé e¢lid faeldcoaduit and the
SRR aR e Sl SRASER B AT PGB S g
seched fiod rate iisetond-siredin of tae dxidareroslay other m(ldgntehaymgcamobxygen
cohn Bl it B5aTE) 6, B4l SO bRl rRoBREf
oxidamt st and eziting thesseabndoxidars eattetd The severdit step |sstacsegnbgate the
8 PP I Sl o Bl RBF R 0 AARY i o
oxidant serwiuitind tardense éattoni strgamhaf tiseemixiute adjaceditribe soliddtel
coBpl BB Ao SR ARG P ks BB R g o e
somgftgeﬁmmmlbgn ??dr:tmrstrsiilmcnontamsg a eec:nndfmadseram gt the éransport gas
o4 i F kbt i o B ind el PR i e
e@ﬂh stepdsitd conbust didesst afpomdn githestirsestreacooftthe oxidantawith at least
2 pliph offRTeanacior pudalf. ohE-RY BEnoditdh chfBusdidslg aciecent
theeattakeatThe nirith istep i$ taacmmiust aljesst atporiidmeof sld setohd stream of the
ol S8 e 3RRan S atieHe 3R L e oo dber. speredy
fomaing an lmutefr cbinbugtionzbne hearathe dinet bamibustidaabnes t h at

|l east a portion of the lean fraction stream thereby
[0037] nThere dre many varidtiont iobtheZAivstendddmesnt of e noétbod for

oot soRfing! 1h.9nf iEtioR. et e BF e it 1atB apg the
secbmbﬂowxatel snariableh Iraanétbersxanatlcm) the first @ddanheordizit @ed the solid
fuel 5un9 Qresstu aﬂﬁally C ax1a¥ In yet another variation, at least two of the first

oxidant conduit, the solid fuel conduit, and the second oxidant conduit are co-axial. In
still yet another variation, a swirler is disposed in the first oxidant conduit. "
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form ng an outer conbustion zone near the inner
oe7eausAt i on zone. [0037] There are many vari ati ons of

the first enbodi ment of the nethod for conbusting a

solid fuel. In one variation, at |east one of the

first flowrate and the 30 second flowrate is

variable. I n another variation, the first oxidant
[00638]dui tn srothdrivarigtiain d strL@ne@uds ldtspaseﬂ ia mthla;ilraMnrmIdsy

et ,anothe t on t t WO
profnaf e putdkel Bic A BhRGfnde? s kB irfne iR bt afh distance
froanthetgwrl gmmal@r ata krbaaﬂombmdelert tharsw:rtgemxatat :and the osittakd, the
et .another v |at|on a SMA ler . i,sppsed.in e,.

voltEk 650K Ating A e Paci s B8 dhaf ek KBRS SRl st
armalusflm QNarignt siihis vagiatia, aégmgam)mbfsmmmdner‘s adjestéd bg kither

annul us

- te d a f
inqipaniod e diheanng a feast ongh e YeradlE Tafud 3l Voreg ifdenaia the
distandd frape iRy SWid geﬂérawr towe tvorex tiane Bnariditter Vakidnt, the vortex
flnae er at, r an, vortex

hoo

S e St vanss Setiaiaiening Yaned Bonpiar i st 26 eas e of the
ledrhfeadtioh stre@m zﬂfha lﬂﬂiéldensletﬁra%tlclr&étrﬁmﬁ Kthe(tj hnahm{aﬁiahﬂ, fhe, outtake of

0 he m x fe 1s a sSte | e
tn§ Slei8ldogOuf boka pedio o g vorigt Bhds pEosdterind Adtake oma
nd2ﬂ§ Ith$r®1er tana tw@?éﬁzehﬁp ;mlﬁlté |@n?dmg@ by dt lehstiore df aAavuivird
era (0] vortex | haer

iR gAY e aitake BEs BN WAt CoRELORTce ok INedharTiam 4 e orts finder
pr§)t|mategh§©num vanes adapted to contact at |east one of

the lean fraction stream and the dense fraction

[0e3g]eanin drivtiye? tvafdtiinte? the/methad for dohfbu@ttl]ﬁg akelidgtiel]1Both fiee
the vorte

olid el conduit a
ou it S e st ooant o i uBLaniAlly PRIl ig Sarh SlheE aft g
subbl@nfb?l?/zd 8 fikst plané @ﬁbét&ntiafﬂy pegdehdiedaby bdth theastomniengitudinal
an ou

A %‘é'?‘?g‘@ aGf’ “E%@TSHBPQ'F“&WE?X'-‘E HE“‘@ gfsct Qi'gﬁarﬂﬂ@ﬁ ahda portion
of Iﬂf@ﬁﬂsf@ﬁe%n‘t dsfeth@uila@kmndl@%ﬁﬂacisra mm@ﬁthy mrahaﬁabﬁmw stfeam of

a
tne, Tigiecat Siatihe fiof Pae.o i HiEnb ol this vaHAton aipottan of & speond
stn@amadf litgd oXiGar @€ theqitﬁaroxmdt inRidSéatitddtah |p¢rt||oﬁ ofittel depke fraction

stRgigh tatimiire ahava aBSTRERBLE beAted AREMTE e Bane:
loéﬁﬁ?i oft efiin fbeaent e mplion Wi omipuetitie Soik SR Rypter to

the m¥ éﬂibﬁdl?leﬁgbdtltlrwtlUdé%fth e?lﬂ&@mal &fe@ﬁt Tl'ﬁél figst a@@.’{‘@r@; sttetr']) hecto
mxture a abou e I Irs n var l | S
priite 5 Fuflark g% potchst having rdbulh GnatuBiey ARS siPsatelcparatiel o

th@mndamgneamtar@as;tah %Ux?dﬂy@aﬁﬁnlétnarﬁd anh huxnlmg@@baleaspaced apart
e racti on

t f th
iraff iy Rty s et Hhesai e bondil SrTauDpinoree Pecoatl oxicant
copbéinand {h@%Q]forAmsgea e imaReibeRidenahe sEcondwixlvadt éowduit and the

B st e Racobd acdrferasatap s riEnsiidoubihe third annuius

atfal thnsd flewl ﬁhté lacsﬂaédef @R ausilidr) gap @ﬁte!rlﬂ? trnawBdliahy g¥ritleDasd exiting
condui t havi 9 fourth | ongitudinal axis
the Aatan: sPaVF

parallel to
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06784 &XSA and an auxiliary gas outlet spaced apart from
the auxiliary gas inlet, the auxiliary gas conduit
surroundi ng the second oxidant conduit and thereby
formng a third annul us between the second oxi dant
conduit and the auxiliary gas conduit. The second
addi t i BREIF BESQRIRTION OF SEVRRALL VHEWR)OFt THE DRAWINGS
annulus at a third flowrate a streamof an auxiliary
[004H enTke invgntidnewibbe ideseribed dpysvayrdf ekaraple véthi refengncedo the
oy .et. -8 06784 USA BRI EF
ach@@% {iﬁ%&véggé%\y% . VIEWS OF THE DRAW NGS [0041]
in
10441 ohERH £& ficHoni2fl WEDh UEE Y VN of e RAIRA oot the
injed@d2] Figure 1 is a schematic diagram of a side view
of one enbodi ment of the 5 invention; [0043] Figure 2
[0043]a sEigere? isca sihegratiod@agram bf a frontwiewobdneograbodiment of the

in Iﬁﬂgﬁil ment of the invention; [0044] Figure 3 is a
schénatic diagramof a side viewillustrating the use

as . .,an . . .
104417 .- Blobfe 3 [ asrpHaht RERFH 8L b8 Vouliy g o MR 2 sol
fuel AwirhgentRatar andsg hemax findedfongneaembodinment didbe wiventiart,

several enbodi nents of the invention using different
[0045]t ex FiguresetAsancb4i8 Brensohemgtia diagtams ofa side vitwraf seeraln

1 : . (o .
enfifitEnts 5P WyeDlid g Gk forfy SRS o PRIV Pedive
diferenaexinfradigser with swirl vanes; 15 [0046] Figure 5B is

a schematic diagram of a side view of one enbodi nment
[0046]t he Figure/®his aschesiatig diagram oba sidevitar ofinelembodiment of the

im%ltng@rj‘n B&E@gi\}gﬁex‘(gﬁe@‘fé\/hvith%%ﬂar@s,gure 6A 1s a schematic

gram SI i ew of one enbodi nent of the

. [ogfjégsgltr Slf&ﬁ&élﬁ %?a %ﬂ[ﬁti@ é,afgt%}@ %E%Qﬂ\é'vfhgv &bric B diment of the

I'S a schematic

inviintign asingf vartex tirder ivdtly straighteningavanesibodi nent of 20

the invention using a solid fuel nozzle having an
[084#]war Higure/A isi mschematic Pipgaan ofa gideiew ofong esahnsiraentof the
. dj i L ' I er Loxi dant
nfir 8 P ALK e hand B ARG !

us

(0584] s rgafe 69125 ScHorhe BdgRim GE RSB e of bfher EAlboatht of
the ifyentian using a1gelighfuelinoggle ihaving gneuiwaiedivergingtip;

conventional 25 pulverized coal burner;

[0049] Figure 7 is a schematic diagram illustrating a solid fuel/outer oxidant interface
and two combustion zones, an inner combustion zone and an outer combustion zone, for

one embodiment of the invention;

[0050] Figure 8 is a schematic diagram illustrating a flame for a conventional
pulverized coal burner;

[0051] Figure 9 is a schematic diagram illustrating a swirled flame for a conventional
pulverized coal burner;

[0052] Figure 10 is a schematic diagram illustrating a pulverized solid fuel entrained
into a high momentum central oxidant jet; and
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[0051] Figure 9 is a schematic diagramillustrating a
oev8uiUsxad flame for a conventional pulverized coal

burner; [0052] Figure 10 is a schematic diagram

illustrating a pulverized solid fuel entrained into a

hi gh nonentum central oxidant jet; and -9 06784 USA

[0053] Figure 11 is a schematic diagramillustratin
[0858]enb&iguneeht isaf sahiematie diagtan ilustrating @naemhaidiment of thedmvention

o ERPENER, R BB PRI on  ncl udtes burner s and

a nethods for conbusting a solid fuel with an
oxidant. As used herein, the term"solid fuel" refers

Lo any solt i e bEdRlarTRiN of HTRYMNVENTIBI POSes.

Al t hough the invention I's di SCUSS cont ext of

| i , ' .
ol 254 TR EPBL R e M0 SRR AR 30 el i
amwtidends As Lisedhberpingthertern faplich fuelimefetto]any58lid feef suitable for
coR BB el PYEBLP e Rt MSFs F kP Blvercea
caahbdrner; variqusiiypasnif cosisandsatier isotidifvielsaoay bansed wigntheibuirners and

: - hig. N trol ke; ill slud
mEfBheer b hresBh BRI aGe ool i ds: - wood: peat . grass:
: . 25 _
9988}, PR e g e 5 Dbl B985 of pgracens
fuelsyigelnding dytyaot Jimited th eahtlaracite, bitumihdus, repb dithminous, ansdigaitic

oo, ST ARG 950 ERBSRN b BoiaadBuaoesoic:
wamhpeate grass;anduoombinaiges aogk mixtures df &llofdhesefueleni ¢ air

separation plant, a nenbrane or an adsorption process.
[0056] oxWgeaised barsim theaterro fioxidant’sratens toxdxygen, axyganyenriched qir, or
. 900 : el B
oSBT b G hY rbar AT B 156y
volwng. Oneippssiblg Oxidantrie gemmecoigllygureoxygen geserateddy a cryogenic air

SBHEB e Pia AAFBHEP3) BHEREAB R 990 SIRGEL RN B o
syshioxrigant is typicady gstey than by welgthe. wi th a parti cul ar

enbodi ment of the invention. [0058] The _
[0057]g e n-Asrused herbimthie derm ‘agdiliaryigad” is @egaston midureld gapese.g., air,

il B of RN ARSI i R Shygd @Bentaton
differeatttiars trepaxygeracaencentrationyof feﬁherltwm'maartdrIsecmadedeant used
wiwggértitciﬁgﬁerh%&lﬁ%ai &Qn@é‘fﬁ@én&oh! ee passages - an I nner

oxi dant passage and” an annul ar oxi dant passage 14

rou - i wWhaR Fi 1and 2

0B 01 T B it ARH Byl Lol | B AR orTE s 1
adhéeves evprofred tusndoanx flamestabiitys andaontrat etilares feoineratate, length,
alPohab8, SRR Tof 1IBWRblatife dofid RN efHd BURALr includes three passages —
an inner oxidant passage 12 and an annular oxidant passage 14 surrounding an annular
solid fuel/transport gas passage 16. An optional outer annulus passage 18 may be used
for an auxiliary gas. Enhanced performance may be achieved relative to conventional
solid fuel burner technology through the adjustment of inner and outer oxidant flows,

control of reactant flow profiles, and adjustment of reactant velocities.

[0059] Referring to Figure 1, a stream 20 of an oxidant enters the inlet 22 of the
inner oxidant passage 12 and is transmitted to the outlet 24 of said passage. Another

-10-



10

15

20

25

30

solid fuel burner technol ogy through the adjustnent of
06784&lSAand out er oxidant flows, 30 control of reactant

flow profiles, and adjustnment of reactant velocities.

[0059] Referring to Figure 1, a stream 20 of an

oxi dant enters the inlet 22 of the inner oxidant

passage 12 and is transmtted to the outlet 24 of said

stisams2fyef. theaaydarti(or ancthey riBant)gptess thedmetZS ofthe arnular oxidant
n f
PeRRaf 1) el VARGl 15 MRl o O Sifpdstfpn T Shof B oran
optineal @uiiliany gas msy bmtransmmugun the iplet 34.0f Be optionah outer annulus
\ e

PR TElp ALk 3tr 400 RS A SRERT8 bPE rhiGHd Bransport gas
(etg_1a|ro oitrfogen, 3ecmnla$egd progacts abeombustion, m_amra&_asf oxygen-enriched air)
arld ﬁ(séfmneﬂf(e%., %L@gﬁiét‘&’éoag %ﬁteﬁ%{h%- iflake 30 of thB'anh@PLbiid

recirculaté roducts or conbustion, natural gas,
fuelksapeporbgas pdssdgail 6 and imrtchremitted td theielttake 4g.of said passage.

pul verized coal) enters the intake 40 of the annul ar
[0860]i d ABsbbwn iralrigurest! anas3, paotidifiel statiiacd4 gnd a separator 46 are

o SRRET e Shob B 138 AR g £ R d A
solid fueh dtralfusepm time@epmm dividesi tbe owearei af thd’feebermijhatransport gas
int%q i)%trg /"‘htf‘%%w&at' assage 16. The conbi nation

| fier and the separator
[0961‘]' de?’eH&f\s @lﬁé&lﬁqnﬁgﬁmﬁewﬁlzpe?@gte 1?1 Fe Jré @F@c@g qevﬂ:@§ and
mébodoios cakying et the stratiicatian and Sepaea(uog prqpessesa(thetdmmbmatnon of
wl‘ﬂ%f?ns rg"lIr 13l Fo A& LLH S‘.asasré reg?ﬁ&ﬂ o Hhodith M'J&ugéétd Hetéin uses
TSt catl on an processes
a swirlgeneratayasdiie salidufud;i stratufreeﬂérand@ vioptek én@stfaséhe sgparator 46.

e
steanointosan duterddense draction strsany 48 and aGinnefaan fragtion stream 50, as
sh%@)lﬂ% %fgglfq Jéogé; S fﬁé‘h%§£ }'éﬁ’i?lof fn%%%‘ﬁ@ fde?tosth(rggb& éaé [the tean
port reaminto an outer dense
frédctia siream §st lesstman &amdssanatlo whsolidifeelto frassportgasdn theglense
freﬁ:ﬁ%n gt?ﬁarﬁ h?‘éﬂﬁnh[bal:fto?éééﬁs]%gso Z%f%ggtgélstr;{}ﬁcaﬂﬁ ﬁasre%td }ﬁ?ﬂzcle size,
sush it the d;ensesfsactlcbrastretanegemauyrmmlses a gtﬂate]‘ p‘emalntag@ of coarse
'&{?ﬁﬂgﬁ Ehe%@?n tctionGdgnse 20 fraction stream

uga orces also effect the stratification
d
[Ogé’fj:am@g?lg%éri‘ut%@oﬁé&\%vmg% I%ﬂe*@tsgb%@gﬁ%ﬁ%?hagtgr?ec{;utgpdense
fraotiam stieam 48thiealserp morarapitly beeausefit iaceficientsn tragsport gas which
eving. thi ¢
b8 87 SEUBTRRS) eSSl EVABBE R high Hopes oo
spégieh peasentip thesaidifagliage drivencafiate mghersate@fndccpmbusn more rapidly
a8 B Bican{iage iche i T e GRS ACRAGs F 4 Hodon
clegee td the borres dintand is inhereptly ndref stathle iH’Iafl itithie\oarnen fi© digt net have

| t I
thE s%g?err%a\{lﬁgar%ﬂﬁ%t i | UFE th.r%%x?nér?lﬁh% f%nt %h"?{;‘rrﬁ Elosé}qo the burner
e)qttuiana andi bedlessalikely tp@xhibit instabilities or extmguush due to process
perturbations. Further, since the combustion of volatiles occurs closer to the burner tip,

the local gaseous environment is more fuel-rich than if the volatiles combustion had been
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closer to the burner tip and is inherently nore stable
og78asA the burner 10 did not have this segregating
capability. That is, the burner flame front will form
closer to the burner 30 exit plane and be less likely
to exhibit instabilities or extinguish due to process
perturbations. Further, since the conbustion of
delayled! ThisSfacilitates a retluctien i NOxlemitsionsaelativerto a ndreségregated
aseous environnent is nore fuel-rich than if the
8Mati | es combustion had been -11 06784 USA del ayed.

10ped1y 3 ey elo Tt B e o HemplallFarof pfices

wittt liglaem suffacentiea lto ealomieshtio tnén gristsriatHeydensa énactil stebam 48, exits

B e DR b6 2o BT B Pgion

sttcam ibaceseraldd Bdjnaselid patticles haeing ahighesurface arsape2 Onit volume

oGRS e RS ERTB SRRLSUEHE

Cambmst\bnlpwmctﬁag thd Iban &adstmncsadam?hah earmdbuadttermyl eviergytend
CRHIY ANt B (afaef el RaheCisBE M oS RaTePilzing the dense

frdchien Bméarener gy and chemcally active species
(radicals) that further assist in igniting and

[Oesqbl I Segrygaﬁdiremdpmes ofl$blifi particlesin mrMndeh%&4¢t|on stream 48

angife 7R lean BHEETstsafi 5B barkfi aterdd bl harting fle 28 APk Facia
pd"“bmlm&ﬂ‘ec\mmebﬁn@ért(%matbwﬁ)hwgnom intRigusesz4A and4Br For
| a

Pl ot 3o Bl b o ol e 8208 ncer nas
a téntdirs hycaamlmrraduﬁs gindehé! felative rsescemracla t@asmsma@as\ntasselow ratio

th t fi i
of thiodTRe frashian Sem 46 Bad leledtfraction stheain A€ ifk@idtftytne
refatioavdifiatanoes ibfshiabiag de thdee ktrearhs inthe bawc’as@&dankdr sﬂa‘de

| ean fraction strea a tedb | atiyve
repfePals it asS B Ao Pt sphd prsbile€ B st bAP, of feldhdtiment
shoadEn Fitark 4B, thl admex fireler R&SA laBgdri rgbmulmsrmgrbta\rwe wtthe base
articles to .transport

f Lid
ceBh 0P AT SRR Orfagapalt Gasmiss dow ot e dapse fragton
stfbahma} mrthlb)ﬁ@ul%uk Irﬁloﬁ&m baﬁdarleéramadiﬁg (relatie tdthe eledsk fraction

d ti to.t
ST e bore £47e)- QUGS PaR i e ELA] o 'oy{e A oo has a
ddrkgrishading thamcthe &dapdrationistrdept ofthatasgcdgec! ative to the
dense fraction stream48 in the base case), while the

[0D65]n f Taetéranhytiraakomabisbls tseglhereid s equabtatadceahe ratio of the
crfasiindd S iats B ot Ponfionyhe e Pl ST Phuhdigeef the

vaniex dinderl Bemuﬁbklled ih thecart miierecagnize tbét théa eepatation device (in this
CIOSS-S

the b f th
ca3b (e HR Pat BREIRD R SrosseEHa SRR gt put not
nnﬁimsomrcalar Idllmcalmdligbnar or vthkt irregalagshapes bhedmbihations thereof.

More \"’}érataé,‘ds menYofC tﬁe gohd par{lcsle to transport gas mass flow ratio can also be

st

made through variation of the axial separation distance, d, between the stratification and
separation devices (see Figure 5A).

[0066] As shown in Figures 5A and 5B, the aerodynamic properties of the stream 38
(see Figure 1) of the mixture of solid fuel and transport gas may be modified by using
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case, vortex finder) can take on a variety of
06Z840HSAsect i onal shapes including, but not limted to,
circular, elliptical, polygonal, or other irregular
shapes or conbi nations thereof. Moreover, adjustnent
of the solid particle to transport gas mass flowratio
can al so be 30 made through variation of the axia
deyigpisunh asswitl yargsch? ordstrajghteningvangs 54tin tei vortex findai (sgparator
e t ]
a6} PRUR S Muelied Sokghdet A Swifbanes RO Fighte Sa NGRS 2
voetex tinder 3¢h s@rg@etelnir@maees_) Swirl vanes atiio moaseaae teemixing #te

Ak

oofyert LB dal B ctepHilh PR, Tl AtaigniEAirdvaids

streamiize Hhe solid fuedtranspod gas |shdam f(lge p@w&mdhe raté pf mixing. fawering
t r '
pegﬁééurﬁééfétye?ﬁ, ?ﬁ% Pé{ﬂghfﬁé tﬁ(%/ {')Hr#ﬁée'x (ﬁe\é" o stlrﬁﬂ‘é}eo%wc)é‘@ dafi act as
flostmadifigrs éorieityenthe éesmn f@etion stvaane 50 acthetdensel tractionestnehm 48 of the
n

so@%!] g%rfsﬁbﬁlgﬁg ?\i 1\!@% g\ﬁh tggs gélllgﬂﬁ‘%tnr}enrﬂﬁirng%\étshegeactants to
the;desmm;lrormméseofsm ﬂainé uel /transport gas stream thus

slowing the rate of mixing, |lowering peak
[006F per Abefilew ana nﬂkimganigara@aiistigs phibeftivastrears (denae rectioprstream

48?4?? I{aé“ frgzﬁl\éh %ﬁgam%? I%gaeoérﬂe?%& lr)v)ﬁpo |Ib$1$c§tilf c%flor‘?é t{)qﬁé nozzle

ean raction s dense
tipsif theeslnra®r 16X, as skowrs il Elgurbs 6A/and &t ﬂbgure@aglluatmtasnmardr

oo a0, N B g Vg i 4 o

mdre oapidly avithitité ingecdradant atthediurmes nozzle hetletwbigste 8B illustrates

oS8 R Rt Rl 0 S n o e

denbe fractionl streaini 48 @fitingltbe bumeenozZs, and sebbseguently IEadsuto @dow
or BRI Y F el R LSRN A ONROPRIEE, gl
Thig hypam ﬂrﬁv lscadvarxtagem:seforr @pimdtiyg flarcé stabidityi ﬂ'rh\erfeatmedaxhﬁgure

oSl 5 Y SoBE) Roli fa E  EhIg o o

thevatbxdeseatip and an oetwaechedryvergence bithe dolisinel mazelei dlersons

o P SR, 4B B 1556 P SIS o

adjusting thel relativeyaxialqositiomos theeittetgdlarieset ther vazious ceactant streams.
outlet. This type of flow is advantageous for

[0968&]InDt Andmpodrtant advamaga afyhe figeertdatentiesisdine Eblgtu tecregik two

ol S elRYor Sorfs8 Rl A ISR hbr gl dlndt RERL Srdanft with the fean

anldlqenam tractioncatreasns drespentigely e Figura? illubteatean dmbo_élrnent of the

e P SRRl a0 BBl g 68 B ffton

stradmusa nadgnlly lnmardatomard/meamealoxpaet sttlream 24. A radativelyl small and

st 8B B REILBY o AR Aac3h 38 Waimer PAREL! M uter

1S
flaatn 65 B)alsodoum@hpenmpmly camprising thecderisa $raction steaes48;itle outer

o%éé%&gea% 2& Qﬁd L&ﬂ%laﬁﬂ%r@d&c%r of%in%ﬂgt‘onséet eﬁEWirlvl’@ Hbatnlaﬁ to the
outer flame causing a region of reverse flow 68 to form. Recirculated material 66 from
this region of reverse flow interacts directly with the inner flame 64, causing the
recirculated material to heat up and/or ignite. This heated (or ignited) recirculated
material then reverses direction again as it brings its thermal energy and/or ignition
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25 and dense fraction streans, respectively. Figure 7
067B4 WSAr at es an enbodi nent of the invention in which

such an advantage is achieved by directing the inner

| ean fraction stream50 radially inward toward the

i nner oxidant stream 20. A relatively small and

stable inner flame 64 is thereby generated adj acent
soutee intortheeoutaotiane ferther augmentingshe rate afrtelaBeiandgogpustion of

, C, . )

vl TR ROt AP EI e UBBAG rEngharid o
emigsions: UManeeerpthe dutar sntefacectithestuebrich 8ensk feaation siream 48

bengﬂg'i‘lloﬁwd e aét Eg w:tﬂlf ee{»ﬂ{ge I¥%h C&H&é{%&ﬂt §tféﬂrr9§ og\gc%l?rgtﬁ]d

rse circu eria
heahmg;airtbgumtarfaﬁe fuﬂhmnmprdvlee\satabMyewraleuecraasmgtHeyma\h' ragiation from

1 i 5 g A caff R Pl el Pl PRSI I B Foboriz
thatetb@areandﬁbeaothememodabf mixing the veactans stdealm:u:’.mmtrmgxesent
iR %@' Bbtodnafls P boFodeatidtefom: Ot her”
N o P R
gastsibami aeycomltaztts thedwo ngjddidstreams $20, @6% on M interfaces attwo distinct

Bt Bl PRicEshElE liratq ForlhtRrd e T iy Bab S oas and oxicant

wholeaiporeducihg theldffectivexthidmess soff theetuelﬂ&nsportgasasta&aado@r which

g b B el bRl nES 11 AFierrBE eiind ol s bompere

tofcbaventiamal buedrsinivehichefublbamdoaddanbsteare oRlyrassimgle s*itel’faoed
inthe art will recognize that there may be ot her
[00E]Nh odAn afiditional agvaritage efabis zotfigratearies irsthegbilityeto vary the flow

R BY P iy e 04 ] Aol P oo
bathr thedmmeriand @ater interfaces Imametfhﬁ/tm*spcm dassstreanmadss pidencel for
o 1< SR IR Tl My 2 Py b Eind Resroc, nen
the melbeitisesf thé dnsarfidicutecoidant stream(%ﬂeee)ee& the bigner nozzle exit
b4 RI3REE e R o B P reams o
5051 treparticulagt if thie velfocity bEtheautkaokidanicstitehm ZGJBIsuhsiantailly greater

th%u;pggﬁfetae -5?%5“ @%&ghg r%%rﬁ %8&@0&&19 lloglq)(l\é ?mdané stream 20

is substantially leas thanrthat of thel legh FractiohestreandO, m s{mér?@]esﬁmll be

B DR80T ol 590 B P i, B

relatively shorsamcbstaile fiathe. By)coatdstt iha mgmyvodamie: sahit fodiés ez’nalayed ora

o, 5F o RhrioBdp Pog e PR or8H oo e BlocRES B e SRt ang
thg ;dg)mremhsaat the bamlelr ?%Wutleﬁweulﬁlbeyw?ntamefl at approximataly the
seih oporiBb S i AR neel g eF s Rirdiht 18 of st ifon of axa
momzatum and rea@@nimining. be desi gned to be different than

those of the | ean and dense fraction streans (48,
[06DY]. | @npdimitatien afrmarnyf pridnart\selidfet lguroérstihtheqatariousty narrow

ra%é gtafﬂél fﬁi% Fad 2rﬁisit%ic:'aqus'o é‘urg d% td bda E@&vﬁ{ of the axial momentum

of the solid fuel/transport gas stream at turndown conditions. As shown in Figure 8, the
flame 70 tends to become very lazy with a consequent breakdown of the flame structure
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than that of the dense fraction stream 48, and the
o676 @uS8A Yy of the inner oxidant stream20 is
substantially I ess than that of the I ean fraction
stream 50, the shear rates will be relatively high,
pronoting rapid m xi ng and di ssi pati on of axi al
momentum |leading to a 25 relatively short and stable
atfplositiens MBiatigelp cloas tq thefbuandringhzle ekibplahe 72.0While fswisl 74, aas shown

PN oo B8t Db llvh ool SERSH 45l
cohbeent tigrhe gtrucﬂanestrﬁa hdsrtbe lalddet:af]f;emb gsnr':)rtﬁging ??3 \ggnadfﬂlgg the
ﬂ%ﬁ%ﬁlﬁds gh;eﬁf’g{(sg%éesgf%lghg sl ow ng the ?at e of ,
o35, By oy RS B 6 B Ao
in?ie??iﬁg threi f?agtdmor_mgh:um vidgarly‘nonea::secmvﬂovgwg':e iofierfoxielant passage 12.
A3 MW RO ot VBl EeR ol BT 28 e By b B G Bmtheum
cetntrale@afit?am:njnet ggn mgmdagtt?nst'ra:gms \t/l#ésbwlhenéﬂamqstﬂicgme,dh& allowing
ortelR et el B e B Cpraiieautd fsns bibufy syeenmping to
T e e i
ocitith &frohment (i piHoLe DelvBiahS PemeliBy bgern”
applications wbe lessofmntrol of dlhmesshtpé,|length, sir trajectoneis delrinsental to

has thwdeﬁp .effect of shortening and broadening the
PrP¢entSaAsY OVHI'¢A Vs not al ways desirable. 5 [0072] The

OBE 7 ol A6 SR PREE R B ot

betweanthermner axidant passages €2 afd fheannular bxidant passagexi4cdaay be

v TSt wayS S ESLIMEAIG, e e ARaitadi g idws to the two
passagesal Arothet avaly i$ w0t usdCan alhdrmaticidwocorsroti@rayidhten snatéred lines
structur

W'@_Lé‘igfeeﬁ%qfn}%ﬁfdoipd?%géﬁwﬁfn@tspﬁﬁs%'z‘i'ﬂ%?3&8%2‘9@@%%?%9582one
R R A .

desirablettol fusihleeenhance frams tstabilityethvoughrine nse of ehswirl geperator ¢or

i) B T b BB secfdo s 12, 5e gl f By i hBPodcant

svirlex] 84c ivbiew utilizedegerienxtas alsnadl reqincolatiors zoref along e burner axis that,

oM e GRS e o

emalr\é@@n ahd eedimulatﬁroarﬁ tHa puivedeesiagd fu2l, and bylirlmreasing rals:idence
w3 i Peat R ST (Rl PoBosf i o P P PR (o
(P78l ¢ NBREER Mus R e R bulrer i Sty BY 8Rfing the

streant ofthé sdid fodidEmspenh gas mixdurs jysb priordriitd discliarpe front the burner

o BRTRR0E T 7 SLert R BRE ParevBphitel o ng by surounaing

the stream of the solid fuel/transport gas mixture on both sides by oxidant streams. Also,

burner turndown range is expanded by varying, in a controlled manner, the proportion of
oxidant flow to the outer and inner oxidant passages. Thus, at turndown (i.e., reduced
firing rate) conditions, the proportion of inner to outer oxidant is increased, thereby
strengthening the axial momentum of the burner flame and preventing the loss of
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10

20 desirable to further enhance flame stability
06784 Qgph the use of a swirl generator (or swrler) 84

in the inner oxidant passage 12, as illustrated in

Figure 11. This inner oxidant swrler 84, when

utilized, generates a small recircul ati on zone al ong

the burner axis that, by virtue of its magnitude and
cohereat ilavme stasdirs ttisatioccurs alithrconyertinealfsobdriuebhurpectechnalagy. By

L o

redlmelelacsansl M'Eﬂldé,&hﬁ b;esént/mmmiealpmyidasmnb?]mmfer rna'g\za_imieg nearly
, Q7 T ' [

co%?téagf‘@%ﬁys oy Rt e RERBa rB hestream of the

OB A R Rt Vo e i spepre

entodimaerits,che plesant inyendion isdeevetheless nattintemdeddn dellipnited to the

urroundi t he .stream.of,. t h | i I :
el PR P YBabus GRAERishS B yflads oo BRI Biin e
scbpe ard rdange ot eguivalemg ef the otaippaadd avithgutvdepgiting fromthe spirit of the
. controlled manner, the proportion of oxidant flowto
Y% ut er and i nner oxidant passages. Thus, at
turndown (i.e., reduced firing rate) conditions, the
proportion of inner to outer oxidant is increased,
thereby strengthening the axial nonentum of the
burner flame and preventing the loss of -15 06784 USA
coherent flame structure that occurs with conventiona
solid fuel burner technology. By the sanme nechani sm
the present invention also facilitates |engthening of
the flame at reduced | oads. Hence, the present
i nvention provides a neans for maintaining nearly
constant flame |l ength over the operating regine. 5
[0076] Although illustrated and described herein with
reference to certain specific enbodinents, the
present invention is nevertheless not intended to be
limted to the details shown. Rather, various
nodi fications may be made in the details within the
scope and range of equivalents of the clains and
wi t hout departing fromthe spirit of the invention.
10 -16 06784 USA CLAIMS 1. A burner for conbusting a
solid fuel, conprising: a first oxidant conduit having
a first longitudinal axis, a first oxidant inlet, and
a first oxidant outlet spaced apart fromthe first
oxidant inlet, the 5 first oxidant conduit adapted to
transmt at a first flowrate a first stream of

-16 -



10

15

20

25

30

an oxidant entering the first oxidant inlet and

067841USAg the first oxidant outlet, the oxidant having

an oxygen concentration greater than about 21 vol. %
a solid fuel conduit having a second | ongitudinal axis
substantially parallel the first |longitudinal axis, an
i ntake, and an outtake spaced apart 10 fromthe

i ntake, the solid fuel conQuAiMSurrounding the first
oxi dant conduit and thereby form ng a first annul us
bet ween tthe fiA bﬂrnexﬁodemhbmsnnglaisbhdmml comprisiogi d f uel

conduit, thefl st a Ius

mxture of a e{ h% gﬁgmg%tr%rlé‘rfﬁpalﬁ%l ax?s a first oxidant
parti cl ednief, ahhef&stlowdiahtmltle'esnaeed apart frem the ficsk exidard inlet, the
exiting the ouitake; a.second o

havi ng a f{rﬁiqngapﬁ%dyﬁagmiag &( r%nsngtuag gtrf %t‘}lcio)gl r#te a first stream of
paral | el dmlmemdnh@mlﬂrsthmht iabket and @(ltktg:lhacﬂrst oxidant outlet,
oxi dant | e second oxi dant,. out | et aced o
apart 1 o Sk dBURA Byaden Soiapaton Gt BRRAEO 21 vol %
oEi dagt C ?ndw 4 salidrfuel condutchaving assécodd fomgltudiad dtuistsuastdntlally
t her eby or nnul us. meen the

el condiarieLti Fadsraaiana S, 85 e 5580 Ot seoed apar
second arfromh Ui iBRREtRE sblidl fuelavonduit Slﬁtouadﬂg thoairsf dxddant conduit
rate a second stream of he 0Xx

oxi dant ! H@eby]?q; rst:wg‘ﬁt%‘ehﬁ' f'?gf’e'f’a?tﬁgﬂdu't and
about d21 thg solié fuélladdddsw; Qmmssgnmmmhmbmlto ganmea mixture of a
second oxidant .inlet and exiting.the seco

oot o Airienersaas fig & Bl ot P e T S a8l g the

pr oxi mat Gntfahéaﬁ@bknﬁrkgither&mmae 25 | ean fractl on stream

of the m xture g‘%ga ent, the t . oxi t condui t and

a dense fract? Pé'gﬁ?t(ﬂo"fjh'gﬁ?ﬁ"')‘& 2 A%'}gétl:‘ el e
solid fU%ubﬁfaﬁd&llytparéll@Bthe%em Ibhgitidinana)s, raeseeond OX|dant inlet,

containin first SS, I o of the ort

Che. 2ol i cnd epecoRs| @xonat qulet shebeq aparhfrafitas aecond Bidaft nlet,

cont ﬁi ni rtlﬁe gefcﬁﬁlcwwaﬁae@nmntsg@oumng the sblicaiisisntuigasd thereby

to t e30| ue e sec nas ei ter

50 1 han” Hhiming BseCopeleiuie hpwegoine said el @di §n feFecond

portion odxiddme condum! thétsém a?lfnutdéfadepﬂedwtraﬁsmlt atr‘agsecond flow

the first oxidant outl et g%nb)iiifge? duri 'F'g lfIE‘

with at |'8l&3 Secasd stregm of fie gant oan ¢ E:‘t”f"éﬂﬂ‘ ?Y‘%%ﬁ{‘ oxygen

t her eby fsun@emeation gradiérthamabois it 96!, %pm: séstindGtreamtemtering
-17 784, USA wher.ei p at tion

o the BB sac s et aed gxfioe e Sspord prce Rifer! dnd
oxi dant exi ti ngeddifop SaPeghtinY itmixtuire radmateniie agttake into a
during lean fraction stream of the mixture adjacent the first oxidant conduit and a
dense fraction stream of the mixture adjacent the solid fuel conduit, the
dense fraction stream containing a first mass ratio of the transport gas to
the solid fuel, and the lean fraction stream containing a second mass ratio
of the transport gas to the solid fuel, the second mass ratio being greater
than the first mass ratio,

wherein at least a portion of the first stream of the oxidant exiting
the first oxidant outlet combines during combustion with at least a portion
of the lean fraction stream, thereby forming an inner combustion zone

adjacent the outtake, and
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conmbustion with at |east a portion of the dense
oersapsiaon stream thereby form ng an outer conbustion

zone near the inner conbustion zone. 5 2. The burner

of claiml1, further conprising: an auxiliary gas

conduit having a fourth |ongitudinal axis

substantially parallel the third longitudinal axis, an

auxi | i ary gas wherain at lzast a mrtiemc(ﬁ the aegongatreemtdfdle oxidant or

2paced 8RE b SRS P Bt d 7 ey B o

condui t aothbubtionekith atfleastiampyrtiontdi theddense dilactiorbsiteaet thereby

condu ¢, AL i prreE AR At AFpr B Phet B o

third flow rate a streamof an auxiliary gas entering

the auxiljary inlet and,exitin the auxiliary gas
outl et. f'5 T%ﬁ}%“ﬁfr?iﬁaw 1C¢5f‘?ﬁc%mq'a\n9her

conpri si ng a sam amtaryigas)o@r&mihavmgafonﬁrtrrlsnglwdnrmaantis
condui t. n_th

for segr é@'Q?tF%a"V H@ra(ﬁgﬁﬁﬁ,lt%dﬂprégltggm\?ﬁ)gsegn agx@g\ﬁgerq%gsmlet, and
gener Et orantHuxpiasaghsi outittepated apar&ﬁmlth@a@{ilﬁw 03¢ ielet,be
out t ake; an n

7
onnul e, Aaaa8 enaguit 3 BipEnsia0 T Fecond Bt cppbidf ang thereoy
Izgc ?th ion fbﬂtﬁ‘tm@falthltgwwWS_lﬁet\mﬁﬁhabedﬁorﬁlmhdahecmlett ake the

e vortex finder i ng. aul i jus Les
Chan o 1 A-xfdnaaBaane e iieifind anifie sdried @refimtna tird flow
5. The busatees stifantbladmaukilianhgassdrmerigghe gakiliary ga$ inléiand exiting
m xture Iﬂ@"ﬁad ust ed b e| ther increasing or

decr easi XLy 98s BBttt he hydraulic radius of the
30 vortex finder and the distance fromthe swrl
generator to the vortex finder. 6. The burner of claim
4, wherein the vortex finder has either swirl vanes

or St r ai ght eniThe blmmsf SmP Y Sllrther conprising aaéwill@asisposeein the
n fraction stream and the dense fraction

he
f'r§t°?‘l9§m°°" Hit06784 USA 7. The burner of claim 4,

wher ei n tfie outHeddtendrfof thin $ Ovhéreinltré nfe@hﬁitbrtsegr@gdting the
ortion of the vortex finder proximate the outtake

MKYFHEAMRISES e tip profile, and the

a swirl generator disposed in the first annulus proximate the
outtake; and

a vortex finder disposed in the first annulus at a distance from the
swirl generator at a location between the swirl generator and the outtake,
the vortex finder having a hydraulic radius less than a first hydraulic radius
of the first annulus.

5. The burner of claim 4, wherein segregation of the mixture is
adjusted by either increasing or decreasing at least one of the hydraulic radius of the
vortex finder and the distance from the swirl generator to the vortex finder.

6. The burner of claim 4, wherein the vortex finder has either swirl

vanes or straightening vanes adapted to contact at least one of the lean fraction stream
and the dense fraction stream.
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nozzle tip profile is nodified by at | east one of an
06984 WBAd di vergence of the outtake and 5 an inward
convergence of the portion of the vortex finder
proxi mte the outtake. 8. The burner of claiml,
wherein at |east one of the first flowrate and the
second flow rate is variable. 10 9. The burner of
claim1l, wherein the first oxidant conduit and the
solid fu co i r J | &l s AaXi :
bur ner of - ol aie Pt GHTA Vet e GieRE'cfjno sbild 1o Eonauit
andai pbetian of dtwenehrtex, findeeprexitriate thealuttakanideinta, naxalé tiphpeofile, and the

nob 6 BPAAE SMR y Fr O BB R R ane
andnwatdtonvergéreie clthe parbort afithe sibitex firaliea ploximate thealitake.
ot her and substantially in a first plane

substantial ly perpendicular to both the second
| ongi t udignal &hiedbuerterichelaiout fwelereiarat leaseond ofrtisd first flow rate

Longi tudinal axi.s at the first oxidant outlet, and 20
a“w(ﬂéﬁgﬁ‘?ﬁ‘?“gﬂﬁ‘sf?e %V%‘ab{%e first stream of the oxidant

initially contacts a portion of the Iean fraction

stream of, the_m xture at about the fir n

The burn@r of -@]Pg’lumeif, C'Wﬂe 'e“.’”he'S'%ﬁ'a‘? {"]%L?fﬁ%%tgﬂ%d%nd the
solicefuenebraiuit e s ulistantigllyocco-aldalt or t he ot her oxi dant

initially contacts a portion of the dense fraction

streamof 25 the m xture at about another plane
spaced apart fTherutriee of claist 1 phlearein at Rastiwoedf tteedfirkboxidant

C sting.a,solid fuel., co i Si,ng the.steps of:
cofiaty i 401 15t Bt o sEERL ORI sy 4E BB 28
| ongi tudinal axis, a first oxidant inlet, and a first
oxi dant qutl et_spaced art fromthe first  oxidant .
inlet,; 36l4t r aﬁé‘ﬁ%‘ﬂ%’iﬁ?’ﬁ%ag‘ﬁh‘?fﬁ@%ﬁ@F °8§£?'6Fa%?°a‘he first
oxidanlébdtltet ﬁfe substantidlly fParaler tateach otter aad sstistardiatlyih eﬁﬁrst plane
I dant havi ng an. qgx n concentratj)on _areater n
suia il popsndRyBriaRoty oo Raaflcr aff AfEIovtefe apa the
firw{oér@ggd;igtlrdégftmwﬁrsgmdmoutldlt,_&arfdf r slt oxi dant gut! et :
- rovi di nq. a | el ¢ ui t. Vi.ng, a
second | ongi t YHISRE 2 n @@E&ﬁh#fegm @QS%PQP?%I""{']%@ Contacts
first | orgpdnish ofahe RahJraction strdaakef, thaniixtare atabbatkie first plane.
spaced apart fromthe intake, the solid fuel conduit

surrounding the first oxidant conduit and thereby
form ng a2fir Sthedsumdrws claiet Weavhdréia af portidn & tlox setmnt stream of

thé: 8)2 gr;ttor ﬁmrcladot greoxiq'd%ln{ |g1itifahl3$3 tlson?gcqg euliptoﬁion of the dense fraction stream of
the mixture at about another plane spaced apart from the first plane.
13. A method for combusting a solid fuel, comprising the steps of:
providing a first oxidant conduit having a first longitudinal axis, a
first oxidant inlet, and a first oxidant outlet spaced apart from the first
oxidant inlet;
transmitting through the first oxidant conduit at a first flow rate a
first stream of an oxidant having an oxygen concentration greater than
about 21 vol. %, the first oxidant entering the first oxidant inlet and exiting

the first oxidant outlet;
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transmtting through the first annulus a m xture of a

oe78ansport gas and a plurality of particles of the

solid fuel, the m xture entering the intake and

exiting the outtake; providing a second oxi dant

conduit having a third longitudinal axis 10
substantially parallel the second | ongitudinal axis, a
second oxi dantprovidieg a solichtilebcanduib having A saeenddongitidinal axis
spaced a : ' Lal et h

sbcond onomeaMtATpafieniE RS RS AR AkS, & b o an cuttake
condui t apdcedhapartiyom the intake, the selicbiuel conduit sigrausdingdhe first

t he soli ' . ' ;
condur ¢ - sFt oAb 1Mty 6 B anRGLE Bltveen the st

a second oS(Id_am a:cmdeita_ndﬁmﬁdflsal ceraitpf t he oxi dant or
areater than J5anig Betln g FREan G ERAFe oFR transport gas
ent er i ng andreeplsratilyrod particiéa iof therdotid fueh dheemixturag@nteriag the intake
second oxingant egregating the mxture

. | et.,
pr oxi mat & f?é('t'Baﬁeaﬂ"é“aikﬁ’to a lean fraction 20 stream
of the m xt ur @rovijiag arsecortoxXidant tormuitdaming @dhiddi longitrdinal axis

a dense fractjiaon stre Qf the m. I dj ;
2ol a1 ucHbRBHN PRI, Sredrd ol bitgFal Rt biifant e,
cont ai ni rgghdaa $ecoad oxidarst audlet spaoéd apart froratisssadond agidant inlet,
the solid fuel,  an he | ean fracti .

conta ni e 5600 SABERb@DobE B i 18 sl 8 Ronpuiyand tereby
t o t he sdbinting aaekcoridennuizsdretivesnsthe salid faeluoindgit gmadieesecond
25 than the first, nass ratio; conbusting at least a
portion cﬁx'qaﬂtcchdr“ t stream of the oxidant with at

| east a porti aranshittifgthratgh the aedondranatiusata sédoaddlow rate a
formng an _in ustion zaone

er co adj acent, th
out t ake: SERASTAAT o1 g oHESR 3 ot SR ERBE G peowvgen
secgnd Sltdoﬁamtta‘tioh bﬁeam«ithhfiﬂa?]ou%m Qol. %) ¢henddeond sixéahaehtering
wth at ast a portion e,.dense fraction.stream
ther eby 1105 pereiicl Bl ansaited B Sepoi ondiht pulet
i nner comnbust i segregating theldixtufdprosieiate theaduttakainto 4 Ban fraction
conprising the further steps s 220.060784  US
00!t notiaMEn g ity SEREnThe fist fut £5oyie g dense
| ongi t udifreetiomsiréam stihe tndivturecddjacemathal dotid fueheoridaity the dense
| ongi tudinal. axjis, an auxili

aut || aryregleh stare Foupitbed ARmeSs e line tderTdas o the
gas i nl etsolidl gl, and the lean fraction stream containing a second mass ratio of
the transport gas to the solid fuel, the second mass ratio being greater
than the first mass ratio;

combusting at least a portion of the first stream of the oxidant with
at least a portion of the lean fraction stream, thereby forming an inner
combustion zone adjacent the outtake; and

combusting at least a portion of the second stream of the oxidant
or the other oxidant with at least a portion of the dense fraction stream,
thereby forming an outer combustion zone near the inner combustion

zZone.

14.  The method of claim 13, comprising the further steps of:
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auxi liary gas conduit surrounding the second oxi dant
06784dl8A and thereby 5 formng a third annul us between

the second oxi dant conduit and the auxiliary gas

oxi dant conduit; transmtting through the third

annulus at a third flowrate a stream of an auxiliary

gas entering the auxiliary gas inlet and exiting the

auxi liary gasproddihgan augiliarg gagiconduit heyimgaf foutthjamgitdinal axis

conduit. BRI dafalEl FARAohdhbliEl Shd 3 autfafyAls net, and
gener at oran auxiiagpgessautiehspated apart fromghe auxiligry gas inlet, the

proxi mat & ngw ec}é%tc%hﬁman it pquwgﬂé%@s@cg}ﬁa fo&%émf tlforﬁgﬁ t ?ﬁc?thereby

di sposed s iTs
swi rl gerfemginge thtd mriumsettetweertiee\seemnctmmmndwt and the

gener at or the vortex finder having a
hydr aul i s ‘1’@8&%3@ é@séh{%gﬁmé first hydraulic radius
of the first aramshiting theough.thd thirdraeinhlod abé thitdflom rag a stream

\Q'PS L:Ir 3 %@%?ﬁé@?ga%gﬁe?ﬁggﬁ%ﬁxéﬁq é%s lﬁ%})ﬁi& %ﬂtl@the auxiliary

hydr aul i ogasa:dltlats of the wvortex finder and the

di stance fromthe swirl generator to the vortex

finder. 25 18. The nethod of claim 16, wherein the

vortex fitider Tresmethbdef claim 13, whesgiea swirles tis dispdsedn thg first

adapted to contact at | east one of the |ean
oxqARK Sortfit ;
X stream and the dense fraction stream 19.

The nmet hod of claim 16, wherein the outtake of the
solid fue 30 onduj t rt,i on of tPe VO

a , .

Tndor b enoq B Sl P otieRdin fisya GenéPhibrit disposedin
the fist ahieylus mdlmdtetmmbhe tand profile is nodified by at

| east one of an outward di.v ce of utta nd

an i nward com)@?ed%'ﬂ@evowx{'ﬂgera%a'ts*)%sr?dd gl%fgg E&a‘?

finder prdistane feorh thee switligbadrator aPd IdtafiGvbetaser? the sivik generator

nmet hod of a east n of. th [S

T ow ran cncifin Slitake BaSiorR fifior &Rt <A Gratiic it 5§Sthan a

The et hditstafydeduiic radius, of wheefirst amniuhss. f i r st oxi dant

conduit and the 5 solid fuel conduit are

substantially co-axial.
17. The method of claim 16, wherein segregation of the mixture is

adjusted by either increasing or decreasing at least one of the hydraulic radius of the
vortex finder and the distance from the swirl generator to the vortex finder.

18. The method of claim 16, wherein the vortex finder has either swirl
vanes or straightening vanes adapted to contact at least one of the lean fraction stream
and the dense fraction stream.

19.  The method of claim 16, wherein the outtake of the solid fuel
conduit and a portion of the vortex finder proximate the outtake form a nozzle tip profile,
and the nozzle tip profile is modified by at least one of an outward divergence of the
outtake and an inward convergence of the portion of the vortex finder proximate the
outtake.
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22. The nethod of claim 13, wherein at |east two of
06784 USA st oxi dant conduit, the solid fuel conduit,
and the second oxi dant conduit are co-axial. 10 23.
The met hod of claim 13, wherein both the outtake and
the first oxidant outlet are substantially parallel
to each other and substantially in a first plane
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second stream of the oxidant or the other oxidant

initially contacts a portion of the dense fraction
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23.  The method of claim 13, wherein both the outtake and the first
oxidant outlet are substantially parallel to each other and substantially in a first plane
substantially perpendicular to both the second longitudinal axis at the outtake and the
first longitudinal axis at the first oxidant outlet, and

wherein a portion of the first stream of the oxidant initially contacts
a portion of the lean fraction stream of the mixture at about the first plane.

24,  The method of claim 23, wherein a portion of the second stream of

the oxidant or the other oxidant initially contacts a portion of the dense fraction stream of
the mixture at about another plane spaced apart from the first plane.
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