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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
conmbusting solid fuels with oxidants, including but
not limted to oxygen and oxygen-enriched air, and in
particular to such burners and nethods for conbusting
pul veri zed solid fuels for 5 generating heat in
industrial nelting furnaces for glass, ceramc
materials, netals, etc. [0002] However, the invention
is not limted to use with such industrial nelting
furnaces. Persons sTHiTLEGF THEINMEENTIONM | | recogni ze
that the burners and nethods of the present invention
may be used i n nRULVERIZED SOLIBFUBLABUURNEReat | ng
applications, including but not limted to cenent

kil ns and steam generat ors. [40003 Solid fuel
burners and met hBAGKEGOUNHEBESHHEHIVENTIONT uel s vvith

OXi dants such as oxu%en and/ or ’gaﬁ%gncgm ri c ed ’
(00031 e | TherareRaRt inverTtiop (alates fnduelume pihed isting
sBMeI@QMﬂ'oQHSﬁ'tsflﬁéludihé Btﬂrn%flﬁmltdddu akygeasnd exmen-egnhm air, and

i ncl udi n
BRI udhbuReh o Mot loc comBEEs R e spigpets og
gensigtiy hdat inindustianmeRing luenabes tdrgiass, deranic BatdPats, mm etc.
5,104,310 (Saltin); 5,743,723 (latrides, at al.); 15
[o002] 6, Gddweled, teRnegntian isaiot imitedt theise with BudtUndustrisl melting

fé{ﬂ%@%t g’g%ob] g’tt(llrlrgof]\gl thé\ﬁg\w %f@ﬁ?@ﬁ%ﬂt e(bg g%%nd methods of the

Rresentinvertion may beisedi B maw oﬂqeréwqdcnf?cesa ﬁaatlogspp'!ﬂai'@?ﬁ
Wéﬁﬂcﬁ[ghmmﬁéglt? E&ﬁérﬁ’ Rllrlgoand?sm §eherRdr. (Winsche).

or exanple Pat. No. 3,894, 834 (Estes)
[d(hql 0SS SiHie| Bindld éhdﬁﬁéthédsqﬁﬂsbmﬂméung‘swd! fuUelerwith oxidants, such

Wthin a coal/air ner ust i
agryIRy rﬁwnﬂng eéi‘ﬁq, %BU%] U%I s% o?%g:wburners
Have #8er dedvelopad fdr dmrenaindaétnés (@i g5 Qlass ewsitang), imchalingudxg-fuel

it Plng Gt c SRR Siedaef o Wb B S rydth. Fucn

huasssge, daswsbd o SePate Nos.o 5:106,309 (Saltn); & 645, 123, (Iatridegest al.);
a%%’&jé&t‘isqq:q%a&séfg Pm%'r go Lo uﬁ%ﬁéﬁ&@ﬁ &, ‘S"‘PatoNbéjaBte? 834

dageés; ‘and a e t ween

B
- (EneshAITaAAB7 (Gitman) ek 903, wdgpqu)g 928,605 (ﬁywa Pteb); 6843,185

(&E}t cﬂ,’ RS, ﬁat?ﬁt%b@c?aﬁén Pulblica Y NG i2603/0075883 (Wakschb).

at a I'n the ' 723 patent, but with several
[09(94]Ct UF& examPleO0S. Fat. NadaB,804 Eé@(&myédisclosek anaxially positioned

3&% PH meut' Gglpr\u, g rogglqul{lcﬂilgf@g?qr l,if{:]ftele‘.ungoﬂamek1<l-'.t11§grt]t(1e and! H%{nkamu‘?d‘ d
stability.
[0005] U.S. Pat. No. 5,743,723 (latrides, et al.) discloses a three-tube oxy-fusl
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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the burner for adjusting oxidant flows between the two
oxi di zer tubes. No |[imts 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-receiVing

5 4 g B o o o bl e

theoburher, foradjusting bmdmt ﬂoweb@twealptlnsm Omlygfetnbeﬁoﬂq |Lm'ﬁta"ﬁ
tral

Radiicor 8 Rien SpEirtais obhagy.Cen) 1 & ULDe

[ 1(1 at i gasphi) ﬂbug ?mﬁ@ﬁ) n@gmnpa;scasg‘estah%x& sk s.ymagmtn sevora

ures: part ns for su

mwlon& qan raquiiAg A Gegiral dwya WF ﬁe%@Pf%Fé? ag ﬂmen Nteiving

dRHMBES (whféﬁﬁé phresiahe @%’Mﬁk‘? rat Ieﬁ@tzéﬂe%élhoﬂfle @dmlly spaced from the
conver gi ng- di ver

|
qePl@l Y9en Nogle. et %aei O@QPG"H%efe'aqxweif mgg'gz a P@@S“«?]fa‘f'?{
dhigighcel f@m lhﬁ cbi‘i@l exygeh mekzld LrélatNeSto thesfoaigerled))o Seyeratany

t.h b h
SRR 10 o S 35S LT R RS €B ko sepvo
118 and exyhenad trednimen islh Solifgjackdiidar the Byrn@7parpberalexygry

r?#glﬁ{rhzﬂ; a éoqggr%f %ﬁve%&?é%ﬂé%gjbgﬁ\?_é}f%e} no%%e aﬁr Wmﬂs only fuel
(6688@)9&3’1@’ gaSkazaki, et al.); and JP 60-194208
In addition, various de

Takayuki Abe) 0009
éwe belsrpdgition !%‘Lae @xy- L\ei buraersdispusser aRpve, B@NY Sther soid fuel

ﬁﬁl@érs f\é\Fe%Eehtﬂ'eUﬁbﬁedﬂBﬂbJrMh?] Qﬁleérizee 641 &ind bther flielsi Such buners
| oad operations

are gﬁglogegg,m(t.{@klﬁqtdgge} ﬁ,ﬂg @lgtsgynqg@} k E%PBPQQ {Okiura, et al.);
&V fhadd @hiburagetid.); @ 752{620 Qabief, ef #10); 6,8896m8Otazdki) gt aljyand JP

S. Pat. No. 4,448,135 (Do t
éq?éj“aﬁﬁg‘t%a&’q‘nﬁﬁ? No.. 6, 475, 267 (Lehn)(dl sol0se
f
B 5P 6o i ¥
creitifired dethersariddumaceso bspacially duringtiow pad opergtionsy lﬁor]e%aénple
g PHPHBOE' 374,943 ﬁ«%ﬂiﬂH&é) RBI0SEY d SridsFbstarfiRINgHion Bt Bial fired

ave not een sati sfac %i@%qUSPat
féamseb,@w low IQquermn & @rfatNo. 448,735 sougap. ¢t
K& s, F57QLEN bisaiBSt MERBRCySEY of Sa¢H dRides tor use wth bdmers.

fuel which satisfactorily and sinultaneously attain
fooippist frhé Ba'nsisfénuldetwes @ sd1ssetabovd havedmitnessed various problems

53 ey e wafipab of BeblstTas s rtilRveh pler
prablems uibraain, drdiake hotdieen satisfartoriyodddréssed.sol i d f uel s

(i ncluding 30 petroleumcoke). [0012] Qther problems
[0031] oc Earexample, herprionaft basnotdaughtia buf@Br and methad for combusting
&30S é'ﬁﬂch@aﬂsf%&&ﬂ? Qm‘ﬁlﬁ{uﬂﬁ'\eou?? QR Foblukt flafth §tﬂ$llﬁ9 enhanced
con | ons, 1Nnc weakeni n axi al none rp
turndown adjustablllty of flame properties, and the ablhty to combust sol:d 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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-2 of the burner flane, the | oss of coherent flane
structure, and shortening of the flane. In general,
the prior art burners do not maintain a constant (or
nearly constant) flanme |length over an entire
operating regine. [0013] There are fuels and/or
conbusti on appllcatlons for which oxygen/fuel (so- 5

oF b L e BB R Bk o e 1

gemrau thefpdet art burbers Woowt matainea constant tor ey @nstgmo flame Iength
oxygen- based, solid fuel
?"Q%ﬁwr%% S. Pat. No. 4,928,605 (Suwa, et
(ﬁh 3} aﬁ%er&ér@fue?@énd/&’%omﬁuﬁ% aﬁ&%aﬁ&f%‘#&‘ﬁlﬂleh 6)@Q§@'fuel (so-

patents do not satisfactoril and rehensi ve

caliogrcmiuediomanefion e ﬁi‘!{gﬁﬁ@aﬂ%mwgw e ppsgloapgylde superior
resuite RIS td armblecon&bgsmmmmq&&e ersﬁridﬁ &t ipdRnisertaining to

WJ ﬁ;%?&f; sol 'dofﬁglwq% %‘E&Eﬂ {@fﬁ .\C)E |S;:, lg,\Fof %giﬁ pé%] tuwa, et al.) and

UL S RN wsoz;zm&eahdqy thesy getamsrobabt: satistactoriysarand t he
b ERtsly s iF Fhmebiore bbb vaRe Hsp pRFRIng Bhe

chdllengas distincibertp orygendatedcomiustidn. gSuchehpitengesiralate primarily,

o U BRI R loh od B Gl 67 BFIRbA S ﬁﬁwﬁ&ﬂ&nﬁl@? and the

pn'cnﬁaﬂanetylmntﬂ effact tl'néthaﬁn ﬂamesoqamvem bummn mace
cbrﬂaarfm&efmfanﬂgg &Mhe s&na%ﬁﬁ{pua&wﬁ&ﬁ% %ﬁ@m@%@%@&@h

[ exit cost erati on
emwgﬁﬂmg is-qiten Aseonyighest byt e usg ofwaterooled jacketso AltAeygh

stchTRGeR! h&nﬁnéi IDR&t8at ttYé"btﬁﬁbr'dém Retits Pom Aank irdténces of high
dlstrlbu of| es W thi

G e Fisketh atd Bl S oft o e phecation. 1iie got
nmwa&ng)égemﬂt brle biLtRb parmigal sdises of higramemaciire dambga Iwhidh is

o e AR b by U 0P B3 b g s
of thpireeptents. |0thesease df golidifuet cersbustion, Sneseguate nontent olsbactant flow

d% rib QS rﬂﬁﬁ*gflé%dﬁ %Ponlf@rmé@gsméér{aﬂggérﬁ;qé Butvdlé'ﬂ’YOOf

ese an man arnin prior art
lmﬂmfﬁ ohsald padicles @sd S@i?seﬂ'éﬂﬁﬁ gmoo ot bﬂrngmndduma@a S
chhpohemtd dants, it is desired to have a burner and a
25 nethod for conbustion which overcone the

[0018] | CUh VibRDF tHaee Ehas m&ny bihBi (roblbmB pertalhifg &visor ad eGrers and
ior . art to e better

d def
o ST 2 804Ul Bt i, 468 iR i e g ey enc 2
mobtrRidrierccoimbubtivnesticoveecorid the um@!tnbﬂwemdnimdns,d of

i na. . Wi

o3 Noe o BhgERIER M of o 4 Pyt gl ahd Py aovamggeous
resulsir ner and a nethod for conbusting a solid
[0015] It is further desired to have a more efficient burner and method of combustion
for combusting a solid fuel with an oxidant.

[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 fusls.
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fuel which attain robust flane stability, enhanced
turndown, adjustability of flame properties, and the
ability to conmbust solid fuels of greatly varying
properties, in particular both high and |ow volatile
solid fuels. -3 [0017] It is still further desired to
have a burner and a nethod for conbusting a solid

[ ‘j{i "“1{ g'}mf@ﬂh 5 ls ‘?ecl B o bt DAY %Th?é{rﬁa fér'c@%u&ﬂnbfa solid

ure t
fuat Whish adhuawet ) lOpueroslowerc miking fﬂemg with @W%Pﬁ@ﬁ?mpﬁms}hqntwou'd

rner and a net hod
%rnﬁ%%n% é\}eﬁ%thga?lﬁl'éﬁg%rhgrs%ﬁm dﬁgeffi ciently
[6098) At Qt i \shl fuﬁhéﬂ' d$§irred t%'?ﬁ@a fbufrief br'itga FridirRa féritdmbusting a solid

nor iral attal na ur ners

148 wploh eficentogaespie pyer & wides TGS 1A /et OR B nagelginable
vith RAFAYRY artYWethodedtmsipdgpatconbusting a solid fuel

whi ch strengthen the axial nonmentum of the burner

[0019)e anig sﬁ!l ket desined fodase aburnsoamd & methoddorecombusting a solid

i Wi S S 08 B i 8 el g 310 plovitTng opp of

cbheranldlanwemumcb that deaurs vethtsonvestionah golidduel Gurmees and combustion
nq@ sting a solid fuel which facilitate | engthening
e burner flane at reduced | oads, and thereby

[P 'th@sﬂﬁfﬂﬁtﬁerdeswé@‘io%% E'bﬂﬂ'leﬂﬁﬁd Jthh@@'ftfrtc@mbuéﬂngmohd

t t 15 10
el i Rlta angineriog of B8 ton 9Ee Bt RO ALY

;fr&ﬂd&é’ﬁ‘?@&ﬁé foPhafteihd Aearfly \¢Bhstam Mamb dength Gvenlah pntire bpenating
| ow vol atile solid fuels, such as petrol eum coke.

"BYHE2] 1t is still further desired to have a burner

[ﬁ@;{e mf I&g(ij qr@gr{s t | n? a}ﬁn%l bﬁ%a ﬁ#o \gﬁe&{oﬁﬂﬁsﬂng a solid

foel azapablﬂ ofmtablmgjrpnglmrmmm solifl (eR3 pught as petrgleyn @Eﬁl red
to have a burner and nmethod for conmbusting a sol

[00R2] 20t iscatithiurigedesiregh iodhave adumey Q%amerooqmbustmg a solid
fFﬂVmNEIb W OB%B?M%]W% adiiRide visbbAvdRt rEEctJrhlﬁuxmg properties.

e present i1nvention includes
Bosdler mRihIsh dE%Ir&Pﬁ') HaRb a®Rffier ahd mm@dthﬂhbuétlmgla solid fusl

her e re multiple e nts of the burner and the
9?89‘?'8 supporjiag P%@?" nJF?’?CﬁHE’r oxyger-fyel 8?rf“6‘h°’£8rbf t hose
embodi nent s. [0025] There are multiple elenents in a
first enbodi nent of the burner for conbusting a solid

fuel. The first ARV OF Trie |N3Vi2fl\ﬁ"|‘(‘3N condui t

having a first ongl t u | na‘f1 axi s, I rst oxidant

[Pﬁétﬂt Wpr@sédt §rivbntion ifides QUurRir af® 8 FRAnGHISF donfiiugting a solid
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 inlst and exiting the first oxidant outlet, the
oxidant having an oxygen concentration greater than about 21 vol. %.
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oxidant inlet. The first oxidant conduit is adapted to
transmt at a first flowrate a first 30 stream of an
oxi dant entering the first oxidant inlet and exiting
the first oxidant outlet, the oxidant having an
oxygen concentration greater than about 21 vol. % .4
[ 0026] The second el ement is a solid fuel conduit

[E@X e etsq%%{)) el}ang # gﬁ&%ﬂ?ﬁh it %\??@taas?ﬁ&% I[L.;éqgtgdmal axis
sabstamrallppamnd{m thp dirst [bnginalirtal axis, amirtale, and ak outtake @paced apart

i BRI Lo Reep A oo Wi b Eftha D “1‘4'5“

foriscefitst anonldes betwaen theHisstoaidaot donduit ansittie selid fagl somduit. The

el PN St 0y i

of thie S@W fuel emmrmrthmgﬂalqe@nu mﬂﬂkgatha@@lﬂ%‘ﬁ ting the
outtake. [0027] A third elenment is a second oxida
[0QATA i t A Mg alrinant isrA sagondexjdant gengikit having 2 third fongrtudmal axis

sHbGaAtRINY béilahé{ 1PMe %bédﬂd | nh&\ﬁal?aﬁleom gadond @kitlminmal and a
axl s a second oxid oxi dan

<SR aBhOdR sipRPY Sparbor ds SR G OART (R T PPN Gyjgant
cHAGEElnouhdiant sdif faelrtdnduit ahditheretydiormid e seoind dnlﬁulns between

0o 0 5en e B BB Bl TP B AR acpprea o
tieinemit ata second flowuste mseaoiuﬁladmtaﬁ thet axidashdrtanzather oxidaatriaving

] P PhoBriREER Gfbait A TLAL 1. 9@ ectta HaaRldifdring the

N oxygen concentratl on greater t
sebond oxilant inlet and exititigdhe eeuond oxidatantleint eri ng t he
second oxidant inlet and exiting the second oxidant
[8928] et . Thestopuipelementis negns fon segragating themirugg,proxigiate the
@tﬂk&%ﬁié Itaan ?rB&{omsi?éé’rh f e MiktIRL Rijdcent thetirst ?hdar?l SérRiuk and a

ean fraction stream.o e .adj ac
deese Hpgtiop sHe’m of f&'ﬁdmgureoeéﬁ]?&emftﬁ%\ 'Péwﬂ ofidin,The %?%S@ fdtion
sfﬁeémLUoﬂtaﬂ'@J mﬂrﬁas‘shellmltheitrér;spbrt gasnidune somrnmal,oh?ﬂsm lean
ction streamcontains a.fictst

{arcﬁ A Gontains a papon @ mass rq;ha&!i %e&%ﬁgﬁqﬂeﬁs tcgth% solid'fuel, the
dacand mass ratio being greaten then the frstroast mtiss ratio of the

transport gas to the solid fuel, the 20 second nmass
[0829]0 bAt Iagstarpeaionrof thedinstistream iof the oxidant exiting the firsiexigant

ﬁae{m ﬁh# b:?ﬂbt%ﬁo Wfen & aéésf: ?bﬁﬁﬁ%f #b iédhf?ré&ﬁérfjétf&am

exi ox! dant nbi nes durin
tbgrﬁbngqrmm apiinner sembystionp zgepggqqeawhgpugqlfg Ablegsta portlon of the

decand StRIANPEM RS BXidanit BENB thel eiuaarﬂ gxifiy 1h8 rseéormmﬁt m.mat
zone adjacent the ou on of

56 GomioyStio 81 2 o PoRIon ALt cRBTe CAGR st thereby

formhihg BE otteEcamIsLBich fonedaE the ineetoustiontorees duri ng
conbustion with at |east a portion of the dense

(0020t i oMhert memmmny veziatidng of therfivstregnbadinent ofrthe bubas tin ene

\?aQQﬁorp gﬁﬁa%t Rfe! optﬂ? lrfi{s& ﬁ&? Hé ?R&'%%g@onc{fﬂﬁﬁie % bffl?ﬁlea &
varrations

armtlm wariation, the second oxidant conduut and the solid fuel conduit are substantlally

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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variation, at |east one of the first flowrate and the
second flowrate is variable. In another variation,

t he second oxi dant conduit and the solid fuel conduit
are substantially 30 co-axial. In yet another
variation, at |least two of the first oxidant conduit,
the solid fuel condui t, and the second oxi dant

conduj t are co- @X|al

h

oeRgses ip die s gneyis ﬂﬂ;d'@*ﬁe Hhecswih detorate as Lggion blteen
tmwt f géﬁratgr amaeduttakfet ine vf)rté)gﬁng_anlﬁaﬂngdsa pydead t rl:cms;qmsﬂfss than

a n a X | nder - | SpOose In e I rs
ajﬁsﬂthy&rgu!% radiugy P&E’ﬁﬁ?&a? "the swi PI generator at a

t .
T, b A U SATBER, 9 B i v
mixttieris adjbstad by bither ingttiasing of degressirg afesgtonA afdhe g radius
oﬂh%rv‘?)rt?i ﬁnd%?Xﬁci ﬁ% d\é%dc?%@ RS gﬁﬂ g%né(r@fdr i the R)orté:ﬂ:n@@ie In

mXxture IS a

aepmevarnantz ﬂ@a@rtwgfmer hageithas swig vanes @égﬁlgatﬁa"nswa?%@d%md
t&‘ ¥SHia lat i@?&%ﬂb %Fthe@éantfl%udrpétie%ih dridAe ﬂe@%drabﬂm stream. In yet

di stance fromt

anpihgeyarianty theem@ﬁ'wegf t%?ﬁ?‘igrwe' c?w@aﬁ @é%?ﬁ'PP H@@‘P vRgex finder
p%ﬁr?ﬁétth"é/\dt)milakdﬂitﬁlﬂ% rmzzlsmp @tcmha‘, and ?g m?ﬂe tp p:d:ﬁhtiedlodmed by at
cont ac a ea one n ractl on, s

IGARBORH1aD QUM SYRRBPSR S prERE and B WAl S ERENAt the
poktien @t tHealsgtexfinden proginiatelithboettaleondui t and a portion of

the vortex finder 10 proxi mate the outtake form a
[0683} | e Iniapotheniariation, kot théeuttase aha theifipst pxigant| cptietare

s’ﬁﬁgbrfnﬂaﬁg g{’r&iléﬁo ea{cﬂ%ﬂer NG s@gsta?‘ﬁalgé n st PQ’nﬁ §ﬁl§k@éiﬁl§llf’f

I nwar d conver portio
pefpentisutaiotbsth the ng@qndmmumi@ms raétr@lﬂtw@eand[tb@@rs] longjtudinal

oxiq’g Wﬂré’t%k|d§ﬁf Siiet, Ql‘?& E pbAiBn 8%& Rl strdih &fite bidarit mmauy

ant out are stanti a{ aral l e
comaEts axamuicsy ol helean 5aUpn sieeam P paol bR a@?&@@l@lﬁc‘.l’éﬁ’ﬂ"y Ina
vhRamtot ﬂﬁﬁ\ﬁriﬁt&&rﬁ& pbmtoﬁ@t fhetsbeorlﬁﬁmaﬂ of mg::xtdadt ordhe etkersoxidant
e ou akKe, a 0] na
il oBRFE A RoSaS e Segpvacton Aeh OGS Fipgud Bpsh ohifer

ﬁdﬁe@ﬁbéﬁaﬂdﬂﬂmtmmmmall ally contacts a portion of
the lean fraction streamof the m xture at about the
[0034]t pAsecondiembadinment bkihe bermet inisimikanio; the firshemipdiment of the

e 9 ol dclieS SRy BERRPIe'dhE oRtblaBhaR! t he

oXl trally contacts a portion of the
@é‘é\.ﬁe f A%ﬁﬁd b6l mta buhar %‘sihﬁllai & b fu%bémbocﬁrﬁemiwrhe
P

| ane spaced apart_fromthe ﬂ &F bg'f‘ﬁ@]'

ik G198 TR A SHNARE ORFQNBH iy 1R lopg axis
d‘tb&t%htlﬂ?’@&ﬁlléﬁﬁﬂ thid Id;n?ﬁududw axi§;"an dgmill?lglgas’ inteycandchesauailiary gas

rler sSpo in st .0 an 0
Gl oBhecpAtIare e ke b et Saieffght oo shlidthas the
decorsd omm oot and thetdby formsrantbird atnulusbetwedntbé sebopd axidant
(%)lf(ll?lél ard the %uxma%(/) Egéj é&ndﬂﬂ%ﬁﬁhﬁd EIQMJshs 58&]:%& t‘dq}aﬂgﬂ'lit at a third
flow rate a stream of an auxiliary gas entering the auxiliary gas inlet and exiting the
auxiliary gas outiet.

[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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25 substantially parallel the third |ongitudinal axis,
an auxiliary gas inlet, and an auxiliary gas outlet
spaced apart fromthe auxiliary gas inlet. The
auxiliary gas conduit surrounds the second oxidant
conduit and thereby forns a third annul us between the
second oxidant conduit and the auxiliary gas conduit.

S Ao i kB4R o e
séreain|cf an pxidart havihgan axyges zomaengaﬁmegr@lerathm atmt 91 yels%, the
R bt SntRG Ine S oI cRAFIIEt drid Xt HeTSt dxiliafk Ut [Th thirg

stin

sterds tq provide asplid fuekaongyithaving aaswom%bnwgﬂwamﬂﬁﬁsﬁa@m'a"v
ﬂé?éﬂbﬁﬂe ﬂrsf Iohﬁﬁudkrﬁf‘éﬂié ‘éﬁ'lrﬂéﬂe ar@xdnsouttﬁké $gatbd Qp’drﬂl%ﬁa the intake,

I nl et first oxi dant out aced a
theh 801K ORIt BHTPUNAIN QLTS ATsboNRSY SosKU GG @fBEy Lorfipd 8 firs

4nham§ Bbttnebn 'Eﬁétﬂil& owaantfdohaﬁ.t anatﬁé\@éudcfm dbkhduntah fourtH step is to
ate a firs stream of an ox

RS HoE i e annsiys g Biieh OfH EATSReTLatS 3% 4 Bfredof paricles
of ltrreséon@medatﬁa mixfure ehtedng the intakeind@xiting tre dutthled.  Tnalfifth step is

B 51 des5nd blidin SR Povifiih ionbitighel Ll syBlréiRialyPparatie

the) a@pmd tingdirat Bxis,s desbach Oxiddnt inled, andreaseicend omrtant putiet spaced

g?ujt Prftﬂ @#cwﬁ)&@?ntaﬁ\ef ﬁ{a%@ory@aﬁ t&ﬂd %r@ﬂ&ﬁ&%e solid fuel

@odwbm:mergby feemingrastecend anmnlus beiwean theselid fuekeengyit and the
deRb &Qda%t Eér{oﬁg 'glgf‘ﬁgh ‘éftegt?ﬂov’t%gmft l't}ﬁ'ouQHtﬁb s6cdnd ARkulus ata

con condui t ourth

segond ﬂ%@m 2 5eq9nd gtieAre REthe pxidant on AR Pher exiGang F%‘Fﬁ%ﬁ oxygen
doh@éHiRasn ?rﬁﬁﬁer fHaf aBow!2418l. B4, YhePdecHid §tl'e%hﬁ€ntemfg thdgecond

aikent gt L otTo R Bsconh puatphih ThS peD or Bl oo e

MAIREAN CroRixiatiaint oomtimb ahean fregtion Streandofl tosnonixturd iadjatent the first

5 ailt go‘li\tc)@ii cﬁﬂ %8 |0|] slﬁfeg{n éfgﬁe l’?\itﬁ.l%;gc(lﬂacgdﬁg lh'égz‘al@ﬁlel
muntlmeuhesqmse &actwpatrearh rcontahhng adfestonass oatiod the msgort gas to the
d_%‘? %919‘3 %n QH&SBnH Gndls ?atﬁ‘l:t e tf'df'\@bort gas
C o ndui e re

r m ng a econd annul
toitee sabip mel ftn@seognﬁ maisa rafip fyeing greatar dhandhe firstimass ratlo “The

%’lﬁ igb is t-Brb%rrﬁh&ta@ Ie%%?é’pdrﬁoﬁ 67 tﬁé f8Sdilehmidh Eﬂéttgéhahh@lth at least

annul us second fl owrate a second
& pertigheidhe lepa f"é‘k‘l"ﬂeﬁ‘f?a@r thargby faraing GRiivneh FOrABKALAR Zae adjacent
mémmma TAB AR §t8 isQD cahBwt er le&dt %rpoﬂbﬂld‘ tha lseverd stfdgam of the

HnE SRR Aot ARt o Bl 15 aceiion of figcen AcBBh slrfHit tereby
fatming as obter campiustion orisinear this Xriner eorpusiiomzdne. t he

outtake into a | ean fraction streamof the m xture
[O3dc enTherh ard inasy variationsaod thedisst derbodinent of the msthod for

Srsiitlla SHHIAT B orls B! H1EashGhGGaRS riklowpald shdfthe

action stream cont ai ni ngiF
gecprd flonaete isyariablef Inanether vasistien. thediist oxigaptsonduitandghe solid

fublRlond@i éte dubfarttially @CalidlN Isyeh Sﬁé’fh&’%hé’tioh' AtJedbt GROGTMD first
mass rati o of the ‘transport g
oxidant conduit, the solid fuel conduit, and the second oxidant conduit are co-axial. tn

still yet another variation, a swirler is disposed in the first oxidant conduit,
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to the solid fuel, the second nmass ratio being greater
than the first mass ratio. The eighth step is to
conmbust at | east a portion of the first stream of the
oxidant with at least a portion of the Iean fraction
stream thereby form ng an i nner conbustion zone

adj acent 25 the outtake. The ninth step I's to conbust

east a portior of th c nd trea
B3shcncinghoRRtYass bPiCthe 1R apnyus,
podxirhdite tikemettaké, randta vmrtestlmdmm d|sﬂmedaluyhe first arinalys aha distance

8 S RBAF D SRR BT oo R b A, e

vertpotiider having a hydrautio trardias Iess thae e fitet bydragicdadivs efdha first |
dnﬂg!ﬂ? Vag\@rigﬁf d?‘ﬁas ﬁna&n@@%ﬁg@ﬁé’hoﬂfoi Hbqplgduffﬁ aEﬂuQWd rb?bﬁher

n anot
incieasing afdecnensing atleast gre atthe hydravliciradiusef the, @@mméef and the

didiglceHRRAHE Ewﬁf@n@%tt@fhte'vﬁhbﬁ/flrﬁér a%'a"r\bthe* vhriRt, the vortex

anot her variation, | east two of first o

fiogefchasieithen auirk yanea of aféﬂlgfuemfaamﬂes aﬁ%ﬂ%@ contasHt Teasf e of the
18ari fekAibn SIsHYARd mé Qefist frackion strda. Iﬁtybi dnolik varamt, nss outtake of

R oy o o e BRSS o o, R bk omh
r@eﬂe tipprotilg, andlthemozzieltip profileds fioditieéd byhatéast ongootcan ovlward

T TS B it soiefdantd pEERBIBH ol e bl icer
raoximatedoaouttakebet ween the swirl generator and the

outtake, the vortex finder having a hydraulic radius
[pe38] t hiarangther variatiory ofr the method dericombystingiacsolid fugl, bgth the

oi@ak%ﬁu thé ﬂrs@omaédt 6Gﬁet afe éJmnm? Eﬂ?all&% o SEHIREI N ON

SSDEABIRLY it et PRTRSeuCE Bl pEITEnguIRLIa 0P ths egd lpotypinal

Y ét%@t 6dﬂﬁ?@hrt1@!h€ fikd 1bngﬁhdiﬂaﬂﬁ§ af the st Bedamtbutlet, and a portion
ator to

i sheboam o oS el cRafRoiag PR 18 ractBh sream of
thé Friditgratae abag tnearnasplaaﬂamt & dartant ofchis aanatnn 4 portion ofrike sdcond

h { , .
& 0y B 8 o ST e e i e onge recen
s!xebmobﬁthﬁshtxummdubbumrmtwr plane spacedfapaih fomdhe gt planeder
proxi mate the outtake forma nozzle tip profile, and

[0840]n 0 zAlsecaridenhogdinent of the mathod; f@rocompuaunq %‘ﬂ&ltﬂ fughis sipilar to
e fifdY &Mﬁéﬂmeﬁ' bif ﬁgﬁﬂé‘semféfadﬁi%né? dieba. k?h@ﬂ@t éiﬁlltioﬁw%téb is to

convergence of € portion O e vortex

RrPYse mewltanegmawbha\qm@yﬂn Pnamn%?xwéuqs@ﬂww pgfaliel to
th ﬁtirﬂﬂéﬂbﬁddlﬁﬂ faxﬁoﬁﬁ%lﬁéllaﬂgga% isiel, Ak émabahahmd% dubet sp&&ed apart

o bt gy b8 e e gl 33%99&39@?@{@55‘98 95g50d $ydehe
wndeamnbelteDWdrmidg)a thied penuilististwgenttoe betohd bkidard eonduit and the

B8, e S BBl 5Ty bR i it anrue
Perthirditow e a keedm okan auxiliatyrpasfentering thei awammgns inled |an9 exiting
tﬁg%ﬂl%?ggs&ﬁfb | on of the lean fraction stream of



the m xture at about the first plane. In a variant of
this variation, a portion of the second 20 stream of
the oxidant or the other oxidant initially contacts a
portion of the dense fraction streamof the m xture
at about another plane spaced apart fromthe first

pl ane. [0040] A second enbodi nent of the nethod for

conbusty ' [ ' '
cmbod: HEEF BESCAETIONGeR SRyERAL Hrusr THE s

[
(00415 £ Rt o8 ok by W Sl Bt lcterdfice 1%
accryapanying alvawingsainaMiiet: to 25 the third | ongitudi nal
axi s, an auxiliary gas inlet, and an auxili ar‘%/q,rgas
(o2 et Rigure dds asetiamatic digaramhef aside Viewof ong.embediaent of the
ifJaiiidr; 2ry gas conduit surrounding the second oxidant
condui't and thereby formng a third annul us between

[00%3] S e CRigiste @%$ 8 8EHentlio dizigianfolh frée viedwof iché ampodiment of the
conduit. The second additional step is to transmt

IPEPETGh the third annulus at a third flowrate a

(044 2" B 3 € Sbr S P Bf £ Sl ol Al 1he gl HASolic

@RS WiF gBEa@mr Tt @NodEX mmnnwemlmmmwm
0041] The Invention will be described b
[ | Fighres4A and AB e sehemalie diagramsahasi rY{?Vﬁ‘PfaF\RWf@'s

dnfboditenis of[tmeamlﬁh gsihg ditfefcht ébrraﬁ KRGS, gacH hadn@aYeutive

S|de vi ew of one enbodinment of the 5 invention;
infagise 2 is a schematic diagramof a front view

lﬁé«ﬁ S B PALS Bl dleoiat pLR. ST K IR eTbRiEnciy e

inveetiorf usings®Vortex fihderd withvawirt vaneser at or and a vortex
finder for one enbodi nent of the invention; ngg 0045]
- [9045)r esFlgureéﬁds 4 8chiemeatic clfagram pta aldagusum& ovs embediment Of the

ﬁg}eﬁﬁ&%s, vor xfm?émgﬁi"s%% E\Tgv‘éhé‘s i nvention using

eren ers, -each having a relative

[Wﬁ er eﬁ&%ﬁ'e's‘ﬁ i g@bﬁhﬁnaﬂc%@m bi HHE view df énéleﬁlﬁbtﬁmﬁtl ot the

dia e view of one enbodi nent of the

invepBor ysing @gwf@ tigderd1aviog anjinwasy coRVerAiNg ¥R | vanes;

BPRIC] EhTeR 25 sbSartar MR b ShaTrRam g,f,%tﬁm,&g,g o

thé Indentioniuing atsoid Giel ruxziethaviag as cufwaldidiverfingtipe 6A is a
schemati c diagram of a side view of one enbodi nent of
[0049] i nRigurki7ds ascharoatie diagraneillustratidg a solin/lualjower axidaatipterface

driaWE b6hBStibh Bones, 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 bumer;

[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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[0048] Figure 6B is a schematic diagramof a side view
of anot her enbodi nent of 20 the invention using a
solid fuel nozzle having an outward diverging tip;
[0049] Figure 7 Is a schematic diagramillustrating a
solid fuel/outer oxidant interface and two conbustion
zones, an inner conbustion zone and an outer

ustt. ne ' j FYaToW
(BB5E0; eidtad e per ey AR HCyARY af bmbotfimprt o He)Wenton
usingrasswintar irearcioneramnidaohednduiR5 pul veri zed coal burner;
[0051] Figure 9 is a schematic diagramlllustrating a
swirled flame for a conventional pulveri zed coal
burner; [0052] Fi ure 10 is _a schemtic _di

illustrating EQHEZ?'&?'E'BQ"’OO'FTEF‘E@MFNE into a

(Rol, g“{@%ggnasg rllen Paner g7 e e cgr{bnaﬁ'a]ﬁ soli fuel with
aarmmdhne«s}j usﬁ? he Fefn, e fsolid fuel Irﬁergao awTsdue fueil Buitable for
i nner,. oxi dant c

PP e BT R AP Sa g L E puperized
cmarmmhmd\zarlbos typesitifcoti ang athes sblicfuéla elay\betused with the burners and

| the t "solid fuel" f

rﬁéh(g&;& %ﬁaﬁ?g@@{% !c gbl e ?or °! ?on‘zgslt [ onuSur p(r)gegr >
[665&3 ou gﬁbrtelﬁgmbﬁvtﬂptu%vgﬂtzdn%@ SE UGN rﬁ‘ariyriﬁpe%‘bﬂ Eﬁ'ﬁbna%ous

| veri ze urner varl ous types coal

fmlﬁemcltam ot naimitestag: anthrasitay bwwﬁwsﬂéu%@wwsaw "9"'“0
dggghﬁgfglt%elg 'bl%arslgﬁl?l‘i‘:gﬁe 'r?glééﬂhill 8@394%!@9@5@%9&{@ s(leuggg fscllds.
Wg&?&&% and ¢Rmkinationg At m&"%?f EW&? [ﬁ%ﬁfé 0 to:
BT, b el A BB PP o
@hylotiis saitathieseidaptwith anlge/gen bon@ntratim @saterdban abpub2$4 by
\%E%%%&%&@Een%gﬁ@ﬂﬁ %ﬁih%'}ct?%ly %Lrﬁgéé{% ?éﬂgpa?tﬁ% g E@ogenlc air
sspgegtion planty g erembnanecdre agsorplian progessaithe oxygen cgranenﬁeﬂoa of
fuh ggagritwg)yg.ca@ RS RaTOREBP Lbigbon oreater than

One poOssible oxidant is
[eosHer CA@hééﬂ KEHEIR tHOQSBE "ausiRAY) 'gas asl a s ar miIxeg egases(g.g., air,

V<D, HaR Diseisiaied POFGH of POt D HreowBpT GaiRpyration
d]ﬂé?@tﬁt&lﬁart tha oxyifeiochbicantrhtigiFof elthé) i prﬁ?aryl Seebfcbmlal'y oxidde used
rm as or mxture O ases
ﬁ" r?g.f)fqremab?én%n?pftbgw Ve lyen or recircul gt ed
Qﬂ“‘“ $1bxyGORBHI 68 BlivBR26l 38IiPleBiMEE 10 SRV M Figiré$ N and 2

achieves improved turndown, flame stability, and control of flame temperaturs, length,
and shape, particularty for low volatile solid fuels. The burner 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 auxillary 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

different than the oxygen concentration of either the
primary or secondary oxidant used wth a particular
enbodi ment of the invention. [0058] The

oxygen-enri ched pul verized solid fuel burner 10 shown
in Figures 1 and 2 achieves inproved turndown, flane
stability, and control of flane tenperature, |ength,

Sf'é%lf\% @E@Qﬁldaﬂ F hedthed esa{mtgéntbl%"thé/ Rl b bfthd @hhilar oxidant

urn I'nclu ree Fassages - an |nner
passagerivd anddsansmitteddn theautiahIof saidpaseags: Aseamgi2 of an

ogaﬂéﬁa@ HﬂBﬂli gﬁh&i‘ﬁw{rﬁ‘smiﬁé& frciin tHaGmbt 34260 m&loﬁﬁ%uter annulus

assage An optional outer annul us aSS?Rg (g%{ \s/

RBEsage s ‘°F"t9r°ué!ﬁt ispidpagsages A stieRm) B Fhétansport gas

g@y ai?%ﬁ@d’énﬂé@ﬁcdldib@bﬂod@cté t@lhdbﬁlﬁﬂdgli&ri ﬁélﬁtal g??s? bkyéeﬁmh%hed air)
ur ner e a of i pnner, an

DM oS e S baters 56 saie AEd g anm) ™

fipélAahspst, ga@lmdsﬁ@b ustanﬁ I trapismitisd dd thetouttakendd ofisaid passage.

[0059] Referring to Figure 1, a stream 20 of an
[0060] ant Asstioavrsin Figarasnll and 32 sofid tubkstratitierdd apgd iaceparator 46 are

GBS0 31 R b et 8 18 oot
mh@tmbstra@mmrdttoe sapamter divides|the mixturg obihe fupbanghthg trapsport gas

| transmtted to the outl et
&gt\‘?? Salw&&ﬂpﬁa&éss

passage. A stream 32 of an optional

[693@]' | aprsSskiiRY itfe bﬂ@ﬁ]ﬁr@béﬁrﬂé thatanarb B vaibas dﬁﬁbeefand
he optional outer assa 18toth&%out et

rgghg,cfs f%?adryb‘ﬂﬁé strgtr} tiop PregessPs c%{nblnatlon of

WHieHS P?féﬁrecﬂ%e&a@t@r & segﬁégatlorm Um@mbodmt discUsaédberein uses
raduct s

1o 08B o< R s 8 valfty 4 3 A Bnp YO B AR shgtEfr <o

TheeswirhgereeatdiOsralovsioantifugal farces td stehtifyf the Bdlidrfusidrposnorias

ﬁ%ﬁ 'g@ Sgi'\%uge? Qot %d%ﬁ%ﬂe%h?& érﬁl d ﬁn&%atn%a%h&'?st@am 50, as

ures 1
showh dn Flleﬂes grandtdi f iThe mass ratia O&thgépbd e traesrmsas in the lean

ﬁgcﬁmﬁ%rﬂ g %%em nﬂ Ry hrdks Fa%'o?j?éhkl?uél td lﬁgth&‘i baélﬁihe dense

I nation o

fgﬂ%ﬁ%t stfeaer ' Genrifugal fasessalen effectthe ﬁmicem W?& afﬂ eafB‘F'e size,

$URR tHat Ble deRSk fratioh GREEH éﬁerﬁlgfcorﬂpﬂéés a}( gvlﬁla&g paﬂa:t?]gu dsfh:toarse
ersons skilled in the ar

di stinct ro erties. LP@ 61]
RAriqles than,{hg;! fﬁ‘?ﬁ?"?‘ are various devices and

BRI o g 15 14 5 o oo cers
fraction stexhm 48 hmtea;b tmere mpidiydmpcaypstii io dyflclmw teanspeft thh
S 995 S5 i MBS Bl 1, i
@@psas atesentdwthe sohféfuglmrﬁ |dngsmﬁ %itadﬂgh;ﬂfrtﬁ‘%?%d e@wwat We@afﬁpld'v
thaw f R étr‘éaﬁt\&a%%&)é dﬁlﬁ% TR, @hef blﬁr'lértﬂhﬁ@%lbm&%?at a position

streaminto an outer dense fraction strea 48

¢ogeE10 the Bumer R anddp Ineresliy,mots staple thap &fﬁ%gotfave
mrsd;egregma daaﬁﬁutp athdt is) the biuenei e florwill tovmtdca;asmhé burner

&It plane ang%e !ess Ilkely to exhibit instabilities or extinguish 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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fraction streamis |less than the mass ratio of solid
fuel to transport gas in the dense 20 fraction stream
Centrifugal forces also effect the stratification
based on particle size, such that the dense fraction
stream general ly conprises a greater percentage of
coarse particles than the |ean fractlon stream

oRYPETRD B ReR H2bosn D0k Briaok B anatd ot sperespied

s#Salheats up nore rapidly because |t is deficient in
transport gas which 25 would ot herwi se absorb nuch of
[0063] | oCEHdl Iparaivadtion sireant @.rwhich coneistg\of geranally finesalid paicles

‘ﬂﬁqﬁ@% snﬂ'[a%ﬁ %ﬂ% th @cn)%mé raifil théh BH&IS. (ﬂaﬂ'@ dgﬁée“ff‘dﬁgl&f §trcaim 48, exits

e an nore ra
the bu;ram 1Qariaesntthelinnge exidanh stseam WW‘O'F pithe loan fraction

s?fH Aid %eﬁ?aﬁe@ﬁ findP$oR4 bhr%les ﬁé\ﬁﬁdfé higR shr'?tﬁ:ekﬂr'éd‘ﬁér uhlt Rolume
isin ent nore stable than If .the
aﬂ'ﬂahthanaeﬁbowlﬁnga@@g pEha oxyagneapched inney 0”3%5 'P%’"
adh%nmwmﬁlbdudt@aﬁné fe@h trattion!strbarh mL?I mmutgq?érmal dnergycand
ane 0 ]
PRafcal sdhvs sBocHs labfoahf e hricrebenTp g sho stabitzing the dense
feetidrugthain.ons. Further, since the conbustion of

vol atiles occurs closer to the burner tip, the |ocal
[096:4] o usSegregation properties ohsalid padieles iti the oulendense fraglion stream 48

Qltfi'ef fnb?ﬁe&rpff@éﬁﬁﬁ b%r@ﬁ&ﬁg?%uerédlbfﬂaﬁgﬁgt e'deSand/or radial

ates a redu atlvetoa
pesitioning pttha vertex finder(saparptonss)] asishewndm Figures dAiapd 48.

;ﬁfrﬁd’s@%ﬁi@ustﬁéﬁbrﬁ ﬁ?ﬁﬂﬂﬂ ?ép?es%ts%%%é dhéowidraif Fthasﬂideﬂ fmder has

article er surface area to volupe ra

a mw@wdswc rasiushantp salative #6id aicle fodransngit 99@&1‘?%8 f'°5' ratio
dt 'ﬂ% dBHsB Brhctibh sﬂ%hﬁ%%dhmeamnmo@ $ir6k 50 aig indicatddby the

Conb f. th f t

"BlRtYe %ﬁ'efggwgdn 5'31%%5'}%3 5 35?#@9 'stﬂ? rgs"'a?? 955@@ per
répickent® hidher massdioweticofisalid patticles tbltmnsgprmasb i Inthepémbertiment
SRR Ut Ao el PG SEUEHIAER o o
¢aser Whe higharsplid particle tdieanispart bgs mass fow rgp@ei the dense fraction

&feﬁg{ f@lh His *@.ﬁé is dhﬁlé&?&f %Eiﬁkétshh&lné nghﬁ\hﬂg tﬁH‘&bnse fraction

Sta tiron Sstream

Srogmetfiin |tltmbqae@pee)t while the lega fractioptream 50 ﬂsu @Jﬁ? pas a
%%h&&@éfh’aﬁ‘ihe%ér?ﬁ&ﬁhﬁﬁ strédp of th badlGise) €an fraction

stream 50" can be altered by changing the size and/or
fooes)al Tn@fdrmwurém eddidshas usyd rexreif isatmal tbmpatmtrauo of the

es 4A 4B, Eor

9f9%%§etcr%nq' a8 st thelbiaties Sdhe vattex a5 MeBRTRIT bt the
vdnex VinddreRerbonsckiled) msthd art avilrecdgmize thatdnessdpaation devies (in this

nd the rela

S5t R e or ) 4 BBl drL RGeS Bt not
limited t6,rcirculan elligticak polygohah oe oihatirregularshepes ereombinations thereof.
Moreover, adjustment of the solid particle to transport gas mass flow ratio can alsc be
made through variation of the axial separation distance, d, between the stratification and
separation devices (sge Figure 5A).

[0066]  As shown in Figures 5A and 5B, the aerodynamic properties of the stream 38
(see Figurs 1) of the mixture of solid fuel and transport gas may be modified by using
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relative differences in shading of those streans in
the base case (darker shade represents higher nass
flowratio of solid particles to transport gas). In
t he enbodi nent shown in Figure 4B, the vortex finder
has a larger hydraulic radius relative to the base 20
case. The higher solid particle to transport gas nass

d %&W dudh 58 sRin Jah?s %fg:sﬁug ?ﬁe?\?dg%g%sfgi ﬁ“:gﬁﬁeéoz%e:xslg&?g%mfamf

d
48k %@ure '53@'{“25'“'@8 gwpéwrwsr with ewid VB%%S@ losFigure o ifustratgg a
vbﬁélﬂnrfdéiaﬁﬁﬂ Ql‘hlg‘-l'ﬁérﬁf@'%'ﬁgs oSwiiivaHEFad B mbaasdhe nﬂxm%rate
dar er n the lean fr ctlon tream of t
bpieEn fusk 870 pOG trarRkY Shorering 16 e, ML ARG Rges
sﬁ@érﬁﬁn’é thé ?@iﬂué‘émrbﬁsdo\‘t‘g”a@ sgﬁ@n Ltﬁﬂs Qoﬁgg tHe&ataZ;‘fi mixing, lowering
ross-secti onal | boundar.i es. .0
oot BReTEG Brp MO ni5a e dares. TR enes: & Bl ot gan actas
bR sifierssiot bithed tHeﬂedri‘fmaﬂori stvéani 50 ethg derse ftaotidn dtteam 48 of the
SRR AlngPortgasufituld. O bithSneBY oy i il ¥ i reflits o
theudesired properiies etthe 8amei r cul ar, el liptical, pol ygonal

or other irregular shapes or conbi nati ons t her eof .
[0R67 o v ethe flow anskmixing charagtpdsties pf the P¥a streams (dense fraction stream

’Braﬁﬂzé@rﬁacﬁ&?st digeiteCaiter B} ﬁ&ll@@no&ﬂcrﬁi&d@to the nozzle

550 |
hro variation Of) e axl al Sep aratlé)lg di st ance

i3t (DM A0 S oM N EIgiTSR 644 S Figueg WU%%@W%B@’“

ct()ﬁ\%?géﬂcg \oF 8 viriex furh@ﬂﬁﬁéot Mlcﬁ;&ﬁlﬁ?slttﬁb leag fracidn Sheam G0 FBmix
e a er S.0 e

b gty Wi ey ke ab T oy Mozale el Fidlrs BB 3fisyrtes

cubsardaivelgencesiia’ sofid fuey norzier6?, whitR prbelucesssrasiat expassion of the

pﬁ%}&c\ﬁgg gﬁ%q?rigg anﬁliﬂﬁe %E{ngbbgﬁlgAEﬁf ? bié?de[ﬁtli Qﬁd% @:&t 6%

piréssdeercong ofirevarse br reciroulating\fiow downistream ob thei burnes ﬂﬁ&l&e@lﬂ'&t

fﬁ%r t§/§ Oofffiou/qg Ed\yi‘fn}%eéﬁé Rt ﬁljah?:gﬂtld;ﬁhrﬂ@{iﬁﬁ t% S?h ‘ea Figure

I NCrease e m Xl
EAangi6R may be cembined @eeuavng i@ perles tindiaving am inward convergence of

thd LoHeHhasy t@%n‘d%ﬂ%t\ﬁar& Eérﬁéfqehl?é?oftthé? sGilItidl nbiisd. Persons

transport s stream thus oW n therate of
skijo in thg arnt Mﬁpcqmém&flgw@gd mixieg@ 8’@@({1 ay f/go ée Gftered by

doh3tmy thé helatianssal E@Q‘ticﬁldﬂﬂeaiutldmar@em tmazanmt reactantfstreams.
nmodi fiers for either the |l ean fraction stream 50 or

[0068] d e nariniportati saivarsthgeolthel Bresénttinventionds the ability to create two

S AR r R 04 oo oAb 0 e
ankl dehee fraciioe strdaind, 0EEpBdtivelye Figuoan? &ustrawwr‘rwnbodimem of the
1%5&%\%&4 édgﬁ afl fad@%?ﬁaade"ig’ a@rﬁé\% dfré’&i'ﬂﬁ the |ﬁﬁé?tléé?ﬂraction
stream and | ea st

tion reamb5 may al so

sieae Srradigllyinward teward dhe inperoxigast etréem . Rty %mﬁ" yd
dtdite PHEMYRImeléh is %r&ﬂ?&eiaibd%cﬁﬂééﬁt&h@ﬂuﬂ%&ﬂe elkit.JAf Guter

6A ||l ustrates i nwar converﬁ q'(f:GgQﬂ% ﬁ vort ex fdgctg ‘
flame ©o's alfAfiermegRrinepaly omMRLs B® fadtiop SR 36y ge outer
diidant stream 26 and recirculated products of combustion 66. A swirl is imparted 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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nore rapidly with the inner oxidant at the burner
nozzle outlet. Figure 6B illustrates 15 outward

di vergence of a solid fuel nozzle 62, which produces a
radi al expansion of the dense fraction stream 48
exiting the burner nozzle, and subsequently leads to a
| ow pressure core of reverse or recirculating fl ow

AR I S B i
volatie fspedien feam tfe datgmlame |6mrtam faslerﬂ%b“meamﬂ)‘m&fiwox
eﬁ?&ﬁ:‘&g' ﬂg)réd@e?exotfﬁérgrg%ﬁ%er@ e’JleﬁEh' dBNRS fra&tidn \sRbalR 148 €

VvVor an out war converqence
benefits tsorg interactingewithribe Qmenw@ln Swikes oxigant stragmi2h. Ages!

h%ﬁﬂg eft glféﬁ%@e FJFIﬂEr inFBﬂVeé‘ BAbihyWHNE iriél‘b%%ﬁ\ﬁttﬁe*rm%t r’en&i‘étlon from

tered a jUStIng the rel ative
“pﬁ)@lif@f f@mecﬁndtrﬁ@ucﬁmqa&onmaam@r oPersens siilied §,he Pgéftxi‘l "9Rpanize

tRdt iIRAE Fhay bB%%%}ne%ds amisdngrtﬁa RAWaN @ame using thesresent
invention is two ‘distinct

IRVSRYRM: ANG, FPSEWQ b?"‘%'tsh'?’%f Hﬁd?ﬁ"e?h@r?fmr and out er
AR 1 5 A i

gasisteamBa conthcts the twb oxidanti streams (200 E@)rorstwo lintenfaces at two distinct

?&il\’ %sﬁﬂ&eé{ersgt‘g%@%s c%*aﬁ laFe%cﬁdt\U&n tF@ fdevfgﬁ{sgbﬁ p&‘s and oxidant

raction I nwar d
vhile dlsntreducingadne eftactive m@kmss\oéthp fegitmnsperigas stregsm gver ‘which

thd'Bfdank Eﬁé'ﬁ\e%d 'nﬁ:tﬁd\%ﬁﬁfﬁé’e W?&b@%@éﬁeﬁ&tﬁﬂtm tfaSuel compared

urner nozzl e orned
tp epmvertinnal hureermin wiich tpet and exidastshare.eqly eﬁmgleﬁ@taﬂe%s
the outer 30 oxidant stream 26.an circul d
(0o &0 sfoSR LA AMaRe Bidns Sodiguration 64 itk BURY tovapy e flow
renéte@t vblodifEof et GMidket Straa@ms (20, 36) andtherebg chhtcolMrshiar force at

I d
e B 5 A PR hBlneghbe b i 38 P o
dxémpleaif ailovgvdidtite soficduel isdragieybdron aeelativeiyt shor dameigdesired, then

tﬁ%?él%tu%sq{f HeSinnerAhd o[]t%iaé)lﬁ&rg edn%ngeéaj al t?i‘é'b'hﬁ'lé} AOEMb exit

en rever ses lon agaln‘as It
wauld bendesigried de be differentthan thoge ptthe leanand 6am9<,eefrqcﬁ%s EEWE‘S (48,

'prit il pel C%E'? iif the E%I&?ify o?% 'oﬂﬂaﬁt@reélﬂtﬁ |§§uﬂsﬁnﬁﬁ§%reater

d conbustion o vol at i ecies fromt

thamihat ofithgdense rﬁfgc%rqnﬁrea@t@bam e valaelty qsm'nm Oxjgant stream 20

i§ %ﬁdn‘ﬁﬁw Ieé@thﬁﬁ’thﬁf of thé'RaR Hh@tronlsﬁéﬁﬁ f5e01Re Shedr ndtes will be
fuel -rich, dense ractlongﬁweam benefltsfr

PREVAIL TR RIOTPUNG reRid MR dissiation, gh axal memeRiv, Jgding o a
réfativelE srdrcindtstablefidnean t By@nerhst iha sighvolatilb aolid fuekis bmployed or a

OB o e D e, G Bl
tRe fuebstecasis 4t thecbumernoeziaoutlehivbuld be meintained attamtoxmaiﬁlb the

i nﬁ&qrﬁé&% :t%@ip%?%@ghd& ¥dtEW ahd! Qoﬁfﬁg Ffate Sftcﬁs%@?ﬁon of axial

I on, 'and respective ben
mempenemdadireastant ning. r om [0069] An inportant feature

of the present invention is that the solid
PO, ¢t r gng fimitation of many prior art solid fusl burners |s the notoriously narrow

range of fusl firing rate. This typically occurs due to breakdown of the axial momentum
of the solid fuelftransport gas stream at tumdown 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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10 gas stream 38 contacts the two oxidant streans (20,
26) on two interfaces at two distinct radii. This

i ncreases the surface contact area between the

fuel /transport gas and oxidant while al so reducing
the effective thickness of the fuel/transport gas
stream over which the oxidant and the fuel nutually

<L oS st g an e i DRI Hboutey SRy 74, 4o shown

imRigderd, camnbe added ty the milvegked fumlﬂmnﬁam’egasm'e{amdd pieseqve a

K | , . ) . .
it BB sDEH IiEFaq Voo Bded GRE or SO ktRfhrksFchcefin o
flasoe F&nwhish rsemmvs(ags)dasa'epieand t hereby control the shear
force at both the inner and outer interfaces of th

(00721 / t rEneresant ipuention peasarves thergoherent fage stwmatéumﬂ?m by
|r?chéé§Yﬁthﬁé fhrhé ﬁmgfégtu% fi sh .dc?aa@aaf ﬂaoﬂ@ tR4 .nae:rcssdidaht Nﬁb&ge 12,

ane 1s I'red

AsrRRewn imkigwar 18y t“ePtha'FﬂedssPF‘é'é’ﬁkTB('E Gntf%ad‘ into & 'ﬁ%” BoRERm

deAwa) loRidapjét 880 msldcﬁorbﬁréﬁgmeg@m buenel flarflé Efreotera] thusaliowing
nse fra n stre

QSR or AReIOT o R 1 FIRTpRAoR PRE PRt R pccumbing o
bRsyatRHindutécdistortions, whichiers inhbreatly giffiguletocontroltima turbdient

S n O ThERed 53 e R Bt

dpplioatibieawheré kish ef ¢ardmol df flameisbapes ianemscmeqtm issdedrimental to

I atively high, promoting rapid m Xxing
Jf@ét?gdfsévgl o{;?ﬁugugﬁ%)r axi al nmonmentum |eading to a 25

[bé’}(ﬁt ! Vleér!ﬁorlfsh@(ﬂib? ﬂﬂﬂ? akt @\ﬁﬂl ﬁcédnﬁﬁ&hat%e SONDGF oﬁ:ﬁhm fidw rate

vol at |

heémtnu the inpey mﬂmbwém iR and ﬂhaﬁems/ lafr %@éﬂ?%&&saﬂﬁ%&"‘%@’
VAAE@P I deveral Ways! Fer @xanibwta v%n@(s) tﬂw bbWwebd mwaqam flows tdthe two

bur ner ggzzl e outl et wou

PRSERSR: ARPP IS 1o Wt HGTRRICLRY CoTIRIEY MR PR ines

viiErBaire coitesited iidperidenilyng supply beitant(s) todhs twqpessagesof
axi al nonmentum and reactant mxing. 30 [0071] One

[POTA]t at Dependingroarspligfuetpropertiessasid plodese constraints; 8 is spmaimes
c{?e%ﬁ%lé ﬁ%hlﬁ(erneﬂﬁé flaﬁ%’%ﬂ@f t&f’ h g Jée'%@ars@irﬁ‘?engm (or

occurs
mmhwmth@mnemidam passagee]d, @p alﬁgtrﬁsed indrigura # .o Bhis iner oxidant

Mﬁ&%amn&puq bdd, geﬁerat% a%hﬁ“’?edurﬁulﬁ'icﬂi%ﬁe giond i burhet#is that,

tends to beco ver uen

I in MPOie o Joralin. caga AnChatReLiRe [HISE by BEoting
érﬁﬂaﬁﬁﬂéﬁ?éﬁﬁ @bmmib@ of the plNeR soyiubipasxby inpeasieg kdidence

ile swir ded to
R e eonbd i enRten iupaPary SUhE pplosf AR " o
ren :
(REFE; oo AR I rfiance b farks %tgﬂ'ﬁ%?@ R atngphe
siteaﬂycj thiossilic &tslAranspoft QO axtra jushpris 4aits Gisshargs fram the burner
Iéeht‘!l%ﬁsrﬁ#‘ﬁm‘}%? ot nggﬂlclg h%&%ﬁ%&&éﬁzﬁbﬂt éﬁd%obb{dmg
I ncr easi via an 1 ncrease of
the stream phithe solisiueldranspastaasjaixture on both sides by oxidant streams Also,
burner turndown range is expanded by varying, in a controiled 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
strangthening the axial momentum of the bumer flame and preventing the loss of
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"As shown in Figure 10, the pulverized solid fuel 78 is

entrained Into a high nonentum central oxidant jet
80. This action strengthens the burner flane
structure, thus allowng greater penetration of the
flame into the process heating zone wi thout it
succunbing to 10 buoyancy-i nduced di stortions, which

i nh | f f |
cobraidag sousre ot asfurs Wih SeRadra) o4 e biriiiology. By
thessansy macminlsrd yhecpressinh invention a!splﬁmﬂﬁﬂﬁ%l@ﬁg‘hﬂ@ﬁ%‘)ﬁ the Harge at

[ irta J
r§Eerd e 1o0d g PAGRGLIntGHHER Brouflbs hinfieRS o méinidining nearl
cBestantrilams kerigtheolver thetdperaiing redime. r ecogni ze that the
split of oxidant flow rate_ 15 between. the in -
[meau antAlthaughiljestratec-and degeribed farein WUH%%{WF%%&%@%%S&%“"’
té’ e Jﬁgsdnf‘m%@r\ﬁ%h Y néwuﬁeledémot piemapd & beslimited to the

e used to var the f t

q@wg g@w et oy podoalons ey b e el R {inin the

698 & faBge SMshuivaRNERI Erecdiim and withiduit dbpaating foam theaplﬂéaf the
|nde endently to supply oxidant(s) to the two
'ﬂﬁ@ggb [ 0074] Depending on solid fuel properties
and process constraints, it is sonetines 20 desirable
to further enhance flanme stability through the use of
a swrl generator (or swirler) 84 in the inner
oxi dant passage 12, as illustrated in Figure 11. This
i nner oxidant swirier 84, when utilized, generates a
smal |l recirculation zone along the burner axis that,
by virtue of its magnitude and | ocation, assists in
anchoring the flame by pronoting entrainnment and
recircul ation of the pulverized solid fuel, and by
i ncreasing residence 25 tinme and heat rel ease
i mredi at el y downstream of the burner nozzle outlet.
[0075] The present invention enhances burner flamne
stability by segregating the streamof the solid
fuel /transport gas m xture just prior to its discharge
fromthe burner nozzle, increasing the rate of
particle heat up and devol atilization, and by
surrounding the streamof the solid fuel/transport
gas m xture on both sides by oxidant streans. Also, 30
burner turndown range is expanded by varying, in a
control |l ed manner, the proportion of oxidant flowto
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 nonentum of the
burner flame and preventing the |loss of -15 coherent
flame structure that occurs with conventional solid
fuel burner technology. By the sane nechanism the
present invention also facilitates | engthening of the
flame at reduced | oads. Hence, the present invention
provi des a nmeans for naintaining nearly
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constant flame |length 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 fi cati ons may be nade in the detalls within the

scope and range of equi vdleHMS of the clainms and

wi t hout departing fromthe spirit of the invention.

10 -16 CLAIMS 1. A burner for conbusting a solid
1. f uelA buroendor sdmigusting fisolid fuskicdeprisioondui t havi ng a

f| sl : i M

¢ B OO RSl D 2 Aot P ibaiEl S8 Y SdanBfiet and o
f|rs.'o>axdhnt outlet spacechapdrt frem mgufmstmmdamh inlgtt thegfiralpexidant conduit
[ r t
adéétlggzmtltag%ltaat a fi r?{]ﬂc;\* 93Ye aaﬁrgt Sy dé m %IS‘ aﬁ ec{xﬁ%ﬁg@ét)?ﬁﬂ? the first
oxidhst inletsand»exdugt theuflrISEtoxldlahb outtetddlm cxiganh drading oalygwgen
cofi LN Bleafld PR 64 Ghan 24 vol . v & solid fuel
a second'l ongi tudi nal axis

subsa safit ifeg! Icynqha’w kevirg a séeondionditugioal aximephstatitighy parallel the

flrsq)ﬁbli%tu m%PH(lg b Uehid G089t nut | nl’it? dmrﬁﬂg s%hﬁqgéldcdcnlﬂﬁh outtake

spaced apart
spacettiapart frem alk©$oltdffaelscmlnddlt frtake, theratlit fued gondieuripgnding the

fi rgt'c{x?q[an?)égﬁ@m afd “ﬂé*ét%y ?'JFS% rﬁig Jggyarfrﬂﬁlﬁ' Béwaeh éﬁétﬂrst oxidant

conduit an
copduii and ttnelsohdwhtﬁhconduthmefflrstsannam @dapted dapraegmit  mixture of a

trah%ﬁ%l; Q%g ar?d g‘pfﬁ%é‘i{i;ﬁ%foprsagﬁle(ft c?falg?s BAatrud g the Q{JIWJQJ?ILJg?ﬂduit

es"o entering the so
intelemalnd exitirighthie rsolidk Buehehdeit iouttake: t he solid fuel conduit

out ] ARG 80y SOPPY gl by parte
theé sagrtdubingidudineli axjs, s smddoxwarttlamiet iandea seeendl gxidant outlet

sp§§ 'S’ﬁrPﬁbﬁPtﬁE gﬁér{ae&ldaﬁ'g cﬁéogéc.rona 5&[&%#&&%& gﬂoundlng

condult surro
the laehdsfuel doridu ancicthelsby farmjng aeaesppd faonmiﬂsmgefavegédbﬁ@ohd fuel

coﬂaﬁwgrgbs the Iesff\é@ﬁé‘ oki H%ltsc%ﬂ L?ih ftllrl;-eéec%g %ﬂﬂng bd Q&gd e nsmlt ata

econ annu us adapt e
setorchBow tata il secorsbsttaam o1 thesoxigdaet of anethen QXlﬂamté‘@mnéfantwgen

coﬂéérﬂ%% g ea"f’é}%g‘?ﬁ Q1 o adlig g%éﬁ\?ﬂ%t@/(?m%%ﬁ;@ the second oxidant

concen i-on rea er than sal econd
inlgt arebenitingt tbe sa@ndmﬂd?@twﬂﬁtcanddant inlet and exiting

t h e &A% ﬁjr?e?"ana ‘étée?Erat&'?gr ?egﬁéﬂdtlﬂg( eEhixiirk %H)Ilrh% the

a sep ara egat ture proxi mat
sohdh@uei condmt outtake into a 1ean fractlon stream of the mlxture 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 solid fuel conduit
outtake, and
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25 solid fuel conduit outtake into a |ean fraction
streamof the m xture adjacent the first oxidant

conduit and a dense fraction stream of the mxture

adj acent the solid fuel <conduit, the dense fraction
streamcontaining a first mass ratio of the transport

gas to the solid fuel, and the |lean fractiop stre
contiierRiIn gt deast @oprttiom ot theasgagnd stream ofithe rXjsiant 053? other

oxfd@ntt Qﬁ’ttnﬁﬂhb %ef:bﬁél oxiddHe o%ﬂé’c%ﬂ'ﬁ%%sddrlﬂblc@n*bﬁsm witieat Iebst a
first 30 mass ratio, wherein at

pors@mqf é*he genserfeaction sirearn tograby forming 8% PH*&ﬁPO@BP?HOﬁ&OPﬂé‘ear

thd inh&t conbustiamkoruit | et conbi nes during conbustion with
at |least a portion of the lean fraction stream

thereby form ng an inner combustion zone adjacent the

2 sol 'ﬂefﬂﬂ?ﬂer“o?EI%Hhtl fuRHJI&Jﬁ’?pres d -17 wherein at | east

a portion of the second streamof the oxidant or the
ot h@n aexiangges esnduitigvingea fgéﬁbmgﬁw'@%w's(ﬁybﬁ*@ﬂtlally parallel

the& ﬁm J @ttﬂwa\ 9fs CMH)?iﬁér%@aW:ﬁIQt %Bd'a‘?\aﬁxﬁi%ry 524 bl phced

actlon stre there form ng an out er
apgc;rfmn@ﬁheoﬁumlm gas nlet, theeauxiliasy Qéﬁrﬁﬁné‘ﬂﬁ syTousRing the second

oxibiaAt Pbﬁdﬁfﬁraﬁﬂc tl'%'r@dgmo}mhrf uéttﬁl?cf aﬁﬁﬂﬂ% ivehitEn e second oxidant

auxi l'1ary gas con VI n?h fourth | ongitudina
[

coawfsa@w@taamhaaa 935 geadait | the M@wmsmﬂiaptﬁﬁ!gtpttmﬁwﬁlat a third
floﬂrxt‘afeea @ﬂeéfﬂ)ﬂfla'naé'&kmgﬂ/? és”ér‘ﬁ%rmgaﬂﬂ [ilidHXgad RleY aﬁé%mtlﬂg the

spaced apart omt e auxi ary gas 1 nl et

auzilixiylgagoptigfas conduit surrounding the second 10

oxi dant conduit and thereby formng a third annul us

bet ween the second oxidant conduit and the auxiliary
3. gas Trermuner,of claén thfurtbeacomoprisingeal sysirletidis posied am thei firstaxidant
coﬁd@up' rd flowrate a streamof an auxiliary gas

entering the auxiliary gas inlet and exiting the

auxiliary gas outlet. 15 3. The burner of cI al m 1,

furt er conpri,si swirler dis ed i.n

4o A DIBEhat A, Fheret e OBt T At prapEeq @ swi
gehbl%t@dlzpbsédeﬂ;] thiif firgt afnuts Fmﬂméteme aol'slvﬁ.uﬁl corgileut@u?aknf and

in the first annul us praoxi nat e sol i

SRR CaTPAREs Ao dnoresediedib Be Sethsdfs 4 o dStance
fron® tHeeswifligasleratsh st poBestidnrbdtheer thesswid yenkrasoradndsthe solid fuel

di,sfa fromthe _swrl gene or.at a |o . .
coy i, Be 8B R P Sl e TP st morautc
radio@ dffhk fiesttahalgas. t he vortex finder having a hydraulic

radius less than a first hydraulic
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.

8. 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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radius of the first annulus. 25 5. The burner of claim
4, wherein segregation of the mxture is adjusted by

ei ther increasing or decreasing at | east one of the
hydraulic radius of the vortex finder and the

di stance fromthe swirl generator to the vortex

finder. 6. The burner of claim4, wherein the vortex
finder has either swirl vanes or 30 straightening

7. Vangheasanied déﬂn@%ﬁém gganécﬁla%el%ﬁd&f olittfke! gorhon of

fraction stream and fraction stream
therwertax finder proxingte the splid gl cendit ovbtake faren 3 WZ'%%EFQI"F and

th@ﬁe Soﬁp gfbgk Ais il arbyostt IeéleSné!Bf hie SuiiaRf 8iveldeRd BBHE solid

con U|t outtake forma nozzle't

I
fugd reenpuie oum amch an iwardconvergppest pi thej rortier of F"l@dVQfS?Xaft“der

'prJJﬁrﬂafetHQ%olﬂi‘qufbdﬁH Bl vergence of the solid 5 fuel

conduit outtake and an i nward conver gence of the
portion of the vortex finder proximate the solid fuel

8. ConGIl‘l"n'et baHEL 6{‘(€Iam$| . {%\Hréﬁéaﬁfor@ 8 fﬁelﬁrsMS\Rler'afé aﬁd the

| east one of the ow rate and the second
segendfligws rajeisi v@vpele. 10 9. The burner of claim 1, V\,her e| n
the first oxidant conduit and the solid fuel conduit

are substantially co-axial. 10. The burner of cla
9. wherBienbeeT e slein vio WHereindhe st oxisank RS Ho e the splrs%fuel
coﬁéu@é’fle's@bgt‘éﬁhalfi%%éln and the second oxi dant condui t

are co-axl al . 1. The burner of claim1, wherein both
the solid fuel conduit outtake and the first oxi dant

100Ut 16 ﬁfrg?rfglbﬁéﬁgﬁ' %L%II’P %lagﬂwctf?f f?\@cfnsﬁ‘)%)h@ént BAduit, the

Subst an rst stant |
sofiek fysk oeticit] and the sboerid omrﬁecm‘wi grengiaxiali nal axis at

the solid fuel 20 conduit outtake and the first

| ongi tudinal axis at the first oxidant outlet, and
11wher®ierbuangraficlaim 1ovhelen bothdhe stlidefaeh cohdtibeuttakiedendtthe first

odeBpkablet e BT B estaler 18 Brer bk rd SRR inghist pane
subbtantiallynggrpeddialiai to bdth ﬂdeesmmdalopgxtttdm axfs ahthedsolid fuel
oot paers B et ot i of feistsafieft et "

St r aghereih 4 b@-tlomrbf(therfa'smtrmm tharmoddzaet |r||1Iaﬂy1 eostpetsedportion

of@gqi]rﬁtagﬁr%ﬁ@nts fseé‘m %ﬁ%'%gl'ﬁ oartrﬁg?%t%gﬂsgggn%eps of :

providing a first oxidant condwt having a first

Ion i tudi nal axis, a first oxid
gl'he burner of claim’11 wLere?n a portion otf 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.

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 21 vol. %, the first oxidant
entering the first oxidant inlet and exiting the first oxidant outlet;
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30 inlet, and a first oxidant outlet spaced apart from
the first oxidant inlet; transmtting through the
first oxidant conduit at a first flowrate a first
stream of an oxidant having an oxygen concentration
greater than 21 vol. % the first oxidant enterlng
the first oxidant inlet and exiting the first oxida

out IREeViding posqld Jyelranguih hawng @ $qrend dengdbdinaliaxis ﬁl@b%a"t'a"v

pa?éﬂﬁpfh@ flrﬂnghéltt‘ﬂln%ﬁbx@xé SolRUREL @Mdulintiike, RABA s fléleconduit
first longitudinal axis, a solid fuel conduit jn

outike £p3erd @PAfelroBoguRelid BIE tcareuit pfake hgapelic %L{?l'n conduit
sufrBBndifg trd ffrb'teémd?é?i‘ dehduitl dHaakerebl Py & frst dRhuIGO BEWikn the

surroundi ng t first oxidant conduit and thereby
f""f‘@?‘!ﬁ’?ﬁ'gc%df-’ltﬁﬁ@ thersdlid fue! setdilen the 5 first oxidant

condwngmﬁmb §RIBugH tthed fllfét'@nnGFE@dé“nﬁlxtuPé %F?d‘”trbﬁépfwt gas and a
t hrou first annulus a m xture of a transport

P'Lﬁﬁ'&yagpimt'ﬁ!?ﬁpf thy sofid fuglcthe mixtuesr enterinastbpisglid (el con ntake

an@e’ﬂtle‘?heeéﬁlﬁrfUél%ohH\ﬂt S§@ake; fuel conduit intake and
exiting the solid fuel conduit_ outtake; prOV|d|ngpa ,
inal axis

secARVIYRG danSeeHy RHdaRhyFIWIUE PAYIPG Porfyrd Jang!

su8§t'aﬁt|alli‘Opé?‘ailib?ttﬁé‘tde@br'\d/ Icﬂ@;‘it@ﬁlhﬁﬂ ailé"ea Sﬁ@@ﬁ‘dj oxmant inlet, and a
a second oxidant jnl et

t
seGQRUpHSRt ouHeh SPaRed ghart Gamdae spand oxicat ikt 158 s8vnd oxidant

coﬁauuﬁauﬁrourmur@t thel RidSRIBPBEhdURI SN therdNfbiningS 4l I'setsrtd aABulus
he solid fuel conduit and thereb% fornmng a second

be&i’ﬁﬁﬂ the soligtiugbeanduit and g spcpe Pxig fUtnd t he second

OXi dexmsmfiitf Whrbugh R sBtdrid BEndIk @U@séé&hdswft&e a second
annul us at a second flow rate a second 15 str

of
SUERD QI AI@AYANS O AGINPLPIAT HAYIDS AR GRIRPNGOTERERLN greater than

21CoHCent that spndr il ehfddifg tRd 9¢ebnd Yxidahe irfetCamtr exiting the
streamentering the second oxidant inlet and exiting

seppRd oA RYtIRxi dant outlet: segregating the m xture

pr Oﬁegfgg%tlﬁ@%esﬁﬁ){t@refw@klrﬁé@mé $oli@Utiblréchduiionttakd Bad a lean
fraction stream of the m xture axiacent the f

fragtion siheare Gh e Mg agiagentsiBe first ox|dant Cwugﬁnsiﬂf{?%frsetfr?@‘m
strgbift Bf theafiaGRNhdjhbéht IRk | Sblid uraé| EcHadi] the Hessedfactdn stream

fraction stream contai nin irst ma t|o f th
copjaififagB fifst giass rafia ?Téh%HP"‘fch%?éls 13 inecpeii digheari e leaniigpption
stl’ébﬁmeaéﬁtﬁiﬁﬂbaé @b%@n@%%ﬁb Bﬁﬂ'ﬁe frarﬁs;@:rtoéaé fetHer edlidipREl, the
segastot he solid f nmass rati o being

prchnaps f%‘&r?et'}geng?‘Péthaﬁé'%%f"’Fb'i”Pﬁs Bnbust i ng at | east

a PQoieetigd af IEQstfd b&tios bf SaMiref stidam ethe dridant with at least a
tion of the | ean fraction. stream

| east a 2
Porlsy ghyhe d??ﬁp NGoURD SHRRM é'aﬁfﬁ'%t?@H”&cﬁ%'”“&ﬂ;%&’@ﬁﬂ?“‘%%@“e
adfetlehtthk @elid Renebduit duitaidk and 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 zone.

14. The method of claim 13, comprising the further steps of:
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conmbusting at |east a portion of the second stream of
the oxidant or the other oxidant wwth at |east a
portion of the dense fraction stream thereby form ng
an outer conbustion zone near the inner conbustion
zone. 30 14. The nmethod of claim 13, conprising the
further steps of: -20 r

- oviding an auxiliary gas . .
condiPYIIRGy AR g 28Ky r Qﬁ K g‘?\’fﬁg QX|f‘§“"ﬁ1 loRgitudinal - axis
susstaﬁﬁaalvtphadulebfthaamd lofAgitddiral biik I #h hompng gas int, éﬁd &n adliliary

auxi | iary S i and an_auxi | i ar a
028 atlet SpoaEa analn o I 2RIl s03sm it 1. 2upiiany bas conduit
sufrddhdinh@the ¥a6né emdamtconémuf ammérdmg fbmngeemrtdamumamween
uc’ s between 5

conduit and ther form nn
the RRCOH RN, SaTGH e ey g et Aol o e
oxXi dllf#ﬂnbmﬁmﬁyj lthrbugﬁ e fiAdt Bhidus b{ @umhdtfruw tatera strleam of an
nnul us a Wra a.S auxli LI ar
augﬁgwa?@eﬁnﬁqﬁegt%a%aw b (lef 280 Sxicg mﬁﬁ**@ﬁmsﬁ%ﬂ'ﬁé 4

auxiliary gas outI et. 15. The nethod of claim 13,

19 on kL MEHBY ifa L AoHPBIR TP AMKAL3S JFGRER I AP st oxoant

cogé@uier at or |s d| sposed in the first annulus proximte
the solid fuel conduit outtake, and wherein a vortex
finder is disposed in the first annulus at a distance

16f r onnrfehmethba Svélsim I8NRREeDT a alwirk geAeatdras displosed in tHeefirst
V\f ener tor %nfd t he gw&g uel conduit outtake,
anpylys PEXBgtef 'i“ﬁa?J H%'\ﬁoﬁau' OYiAkP-#19 ¢ radius | ess than
a f wrsatre.h)aokrmbdfmdéraldld@oeéd irt he ﬁrstrmumgmﬂbu?staﬂck from the
er e| regat i of .the .
s etirater ot 2P EePaayeers ey GEnEiRiT Al g S5 Hoel conduit
outiekd, @ias vaHexdindeeldlingda Bydrhulidhadioy tesauharca fisst hyraoifc rabies of
vg Lex finder and the distance fromthe swrl
the,BsEAMYYS 1 0 the vortex finder. 18. The method of

claim 16, wherein the vortex finder has either swrl

17?/225 glirqgtl'%]tdrqe} hlitn: n\ﬁ}%%lﬁ?%ﬁ?da tgrg%f Q'I?gdml t%r%clﬁ eadt usted by

eltﬁlenﬁereéﬁlﬂg or délcrsédu@glm Ieéﬁ on@hﬁthﬁimmllofammﬁomd Gortex finder

olid fuel d t d t
anhg fistpt Fro e Suid SanergPibithe SRR ual Poondur

outtake forma nozzle tlp profile, and the nozzle tip
profile is nodified at | east one_of

oyt war d
16 v ihgamERoBTohRImStS, SUerein o o Ber "5 CHBRCOWH r2as or
strialYARErhg PAHER! ARPER 18f conbiRt BE IdabOonObf thage P Frk€tion stream and

the dense fraction stream.

19. The method of claim 16, wherein the solid fuel conduit outtake and a portion
of the vortex finder proximate the solid fuel conduit outtake form a nozzle tip profile,
and the nozzle tip profile is modified by at least one of an outward divergence of the
solid fuel conduit outtake and an inward convergence of the portion of the vortex
finder proximate the solid fuel conduit outtake.
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finder proximate the solid fuel conduit outtake. -21
20. The nmethod of claim 13, wherein at | east one of
the first flowrate and the second flowrate is
variable. 21. The nethod of claim 13, wherein the
first oxidant conduit and the solid fuel 5 conduit
are substantially co-axial. 22. The nethod of claim

2013, Waeemethgdaf aldimst3, twikerein atHeastionstof dhe disstfloworatr,and the

segagdf@p}dtg,sf\;éelab@ondwt and the second oxi dant
conduit are co-axial. 10 23. The nethod of claim 13,

wherein both the solid fuel conduit outtake and the

211 1 T StheOMbHRA Lof QdihOf3, AFHRréiN B5d Arat oRidbit éb?fd@it |8l thé solid fuel
each other and substantially in a first plane

cosdysargriubaiantiallycomxi@li cul ar to both the second
| ongi tudinal axis at the solid fuel condw t outtake
and the first Iongitudinal axis first oxid

220,11 |16, e €18 1 3aWpBiein Shfesyt TR fhe Biet Qe oD, the

solid RuePXoriiRMtt andinkisdbénd SarRebfdud fekblavial. 15 of the
l'ean fraction streamof the m xture at about the first

pl ane. 24. The nmethod of claim 23, wherein a portion

3°f R rﬁSﬁBEl%f %faf k) WherJ}? bot‘ﬂxt'hg afd el EEﬁ‘dLﬁ’tt S\Rfake and the

i dant itial cohtacts a tion o dense
flrstrcm;tanb nutéﬁt raetarsubstanttaﬂh pﬁfatlﬂUtOee@h atheriandasidaskantialy igrge first

plsRPERL ARAN per PRI th bbiH th8'sBBShd 18RgitLAmal axis at the solid fuel
conduit 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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