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Spouted LLitt Spout-Fluid Beds 

j\~.. th::iI,J~ .,J.t'.", 
m~1'1!'1mnTnMl~ 

f1~1mnn~~1fIqj~ ~11,1YlfJ1~[j'!! El".wi~~ 

o 

1J"U1 

~n~ru:::'lJtl\lL'Y1f1 -U!f1 spouted bed ~L~:-;nl'r\ .. blLll~Ll1:::1lJ~ l~~m"l'n:::m-ml 

LL~\l (drying) lJltlDYif1~U~:::~~ ~i-Ili-1~viwl LL~l 111. [21.[ 3] nW,1~~€l \lttl pouted 
, ~ 

bed ~ .. mhui-l combustor L~me-.Jlnl"lf 141.151 LV.Jl'lltl..:Jmm 161 U1;1:::Le-.Jlb;m'W~..:J LL~\l 

[71.[81.[91 L 6~~\l1~~~Ull m16e.nlV1~Lui-lltll~~m'1:::dji-l~~e:J~-ful~ ~m11 '1 ~ Zhao 

LL~t!f1ru::: [10 L[ 111 LL~ ::: Lim Lb~ :::!f1ru::: [121 li11'Yl ~r\tl\lttlL'r1 !f1it!f1 spout-fluid bed 

(SFB) ~Jll ~Le-.JllVl~J;)li-l~i-ILm~~lLL~:-;'Wu:il~e-.JllV1~~dJi-Imh,:j~ ~m~llu:::'lJtl,:j spout­

fluid bed d"ll :::11~~ru~n~rn:::'lJ il\l spouted bed (SB) ~\lLUi-lm:::1J1Wll~l~mm~ 
.-

r~li-l~mn-J (orifice) lU'U81 ~~'U (jet) e.11i-lJlli-l~1..:J'lJe:J-1~m~.nl f1LL~I-J (bed) LL~:::~ru 

~n't!'ru:::'1ltl -J fluidized bed (FE) 4,:j LtJi-Im:::1J1i-1m~1~mm~m:::"Illumh~~~lL~~8 
e.11i-lJll'U~1 -J'1l tl \l~'Utl'¥ll f1 LL ~\l ~n~rn:::ml~ Lb~nviwll€l\lm:::'lJli-1 m~-J~l~ LL'IJ'IJ lJl 

Lj,~~-J LmU'lJLYiU'IJ li-1TIl~ 1 ~\l'11B~'lJ8 -J SB \t1~1) SFB LVloUtl FB li-1mJbe-.JllV\iin~ e:J 
\I 

i.I .d ~ ILl 

Je:li-l (calorific content) LL~:::m'HJ~LVlw_nLm:::ni-l (stickiness) '1l €l-J 

" 
(ii) ~lU~e:lmJiJ8i-1L;m'W~\l'Yll-JJll'.r~1-J'lJe:l -J bed humJ~mb'lJ e:l \lf1lJ 

(pneumatic conveying) l'l1U l~mm~~'fillViLn'l1 spouting [10] 

(iii) mJtJ~elUlJ~~'t!' N Ox Gilnl1 
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(iv) nl1 l-ii~~'lI1l (limestone) ~~mWmlW~mJ S02 €l€lm.Jll~'lIru~b~'JllVlii 
ril~~~~th~~'YlTIfll''tU.Jlnnll 

Bu bb 1 e 
Phase 

Emul s ion 
Pha se 

(a) 

Fo untain 

Gas Bubble 

Annulas 

Spout 

(e) 

Fountain 

Annula6 

Spau t 

(b) 

(d) 

!u;:il 1u~1l1!1m;:;JJuim.tm::'118~ fluidized bed (lU 8) spouted bed (lU 

b) .pout-f1uid bed ~iiJ1'4lh~'\J~;!I\J (lU c) Uoft: spout-fluid 

bed ~i1f1\4~1,uih41Ufl'MJJ (lU d) 
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~l11m'ITl!il~tl~'1Je:l~ Lim LL~:;f1rn:; [12] b b~!il-J lViL~tr;hm·m.JllV1~r11-U~~ l-u 

SFB d1mYiuu ilu SB 6b~~ FB b6~1 lVium lii~ 1~mlb~.JllV1~~1irnV\1Jjj~ln11 Shh~ 
~'Ylnm'W~ . .nllnl1 lVimll-/~J1 6~~e:l'll€J-JflrnV\1J~1~ bed (~~Vl1tltFh.n ~j'lltJ~m¥11f1 

, , 
I d ~ ..:Io I A dI 

Ll'1Jl~f\mJ) ~lnml L'UtI~'llllmlt-J6'f~'lltl~'1ImLL'1J,Jl/)ml lbf\:;l'Utl.:J'lln~mll.J~6lj.:J'1Itl ,J 

mle-J6'f~'lltJ .:J'1I eJ,J ll~ .:J~ vil lVff\!ilmj6m:;l1ld 'lJB.,'JB'¥l1f1'11f).,'Jr11~ (char) 

u'Ylml~d<J~l6'f~Bt-Jf\nT'l'YlIll(;itl.:Jm ~ni.'tlm·He...JllV1l-1r1 1~~-u~n l'\.t~~lc;)OJln 
i,Vj~fl,JU1~~ ~,mll1l~l1.hl bbf\~f11-ru8'\.t'l1 n~bf\f1 t~I!il'1Jtl ,Jr11~ l-w~ 1 U~\Jnnl~ !il6'f11 

1~\''VItJ (pyrolysed electrode carbon) 1~1.1111le-J l ~.,'JLl1.JU SB l\'f\~ SFB nuu 'hJGim~fl.,'J 
(batch combustion) jlJ.j~.,'JmJ~m~lbtfi~UL.yj~u'Wr]~mJJ.jmlle-JllV1~'llB.:J~lIJ~l,'VItJ 
i.~r1 1'U~'U (volatiles) ~uG'itl tJtltlnl.J-I J:;Vl11 ,Jmj\'e-J11V1~ Llf\~nl''lle-Jll'V1~'1Je:l,J€lW'l lf1 • 
"lJB.:Jr11'U~U~lVl~tlVl~,J"illnmlj~LVlU 1'\.tt;)m~urln'irumlf11t1Ll~1 (char) LmU1.JL~UtJnU 

\J 

. '" 'YlllllltJ 

I ~'" c • 
LL('IU s tainless steel L'n :;~lf\n 'l 'lJ~1 I1lb~WJ1~'UUnf\VJ 1 :l.J:l.J . OJl'Ul~ 164 ~ ~1,,:j 

llm.,'J'1JB,JLL~'Um:;'lltlmrnff~"il!; l'l l:::dJ~~B.,'J nf\J.j (orifice) '1J'\.tl !illf4~~Wl'U~nm.:l 10 
~ 

:Jm. ~.,'J~l .,'JU'UOJ ~£jVl ~lLm.,'J (mesh) &d'Ullll 1 l-/:l.J ~ul1\~mJB~n'Ull'\.Vllf1ll~,J l11 nf\,Jl1J • 
.... I I I &:II '" .4 

tJ..'l'YlBm m f{ Y1l.,'J~l e:l'Um.,'J'llB.,'JLLe-J'\.tm~OJlummm~J.J'VItl,:m:l.J (plenum chamber) l'Wtl 

tlw¥r;n:I.I~W~fl..:lmrn f{lVff1,,:j~ ~'1"I11c;)"my)tl'll,-\1Ill lVhn1.Jy\f)f1/)~:l.J~~,J 10 "/f:l.J. mmff 

*,~villvr1tl~ntl'\.tLb~l<J11t1C;h'r11¥nl:l.J1tl,-\ lYJvh (electrically air preheater) ~:;m J.jlJn 
lwn l~e-Jl~ieJ,Jmm (central orifice) (lbUU SB) Vl1~~,JiEl.Jnm.:JLLf\~t-Jl'U~b~n 1 1'-\ 

lL~-um:;'inummf1 (LL1.JU SFB) ~.Jmuh,,~~dJltl.:Jc.Jl'UVitl,~,mnem 8'l111lml1Vll;1'1Je.J,1 

mmf{,;\):;l~ 1(jl~ 1~:l.Jll11'l11/)e)1111lm'l1V1l;1LLuu~nfleJ~ (rotameters) bbfl~mJ.jlln1.Jw 
" 

1~ml~1~~'Ylj,,:jnf\J.j (globe valves) ,-\tlmln~L~l bNl t:J,,:jvillvr~tl~'Ylnm u'-\em 1I1ltJ<il'J 

Y1lfnlJ.j~tl'-\'Y1J,,:jm~UeJmbU1.JJll'\.t'Yll~ l-wV11 (cylindrical resistance heater) '1l'UWI 
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4.5 kW m1 50 '6J..l. 4-,l1)~m~lci1mjmlJ'lJ..lLL1J1JBliltuiJ&l t:jru....,JJ~'1Iu-l bed ~:;.~(I)~ 
~1il~~nfll-l~dEl~~1u~dJU1~U'Vl1U (annulus) lu bed LL~t1)~~~~lmLr,Jum:;~ltJmmfl 

4 '6~ . l!1\tJ l~ K-type thermocouple Yl1~cillu1Ju'lJmflu~J..l~Lt'Jll""~'l:;Gi!1\~-lm:;'l m-ll 
b5tJ\lb~illVf~~bfw1L~urmLn(i)mjbm 1'Vl~ 

® @ 

o 
© 

@ 

LNl 

(3) Rotameters 1~ilmlm1 

1"'l11!tl~i]lm~ 

(5) mm., 

o (6) Thermocouple 1v1"'lruWJ~ 

(7) <ihfl111~l-J'lruWJij 

(8) ~tl~m\1-1 (central orilice) 

(9) l'!JU1~ 1 l-Jl-J . 

(10) Lu-run~lUmmtf 

(J 1) mnltf'lU (Auxiliary air) 

(12) Spouting air 

(t 3) Combustor 

(14) m:;'lm~l 

(15) \-1"i1tl~LiJ1q)lmh..Jn1'll" 

(16) <ihn1tl~ 

(17) L"1tJ~1Lfl~~ n1'll" 
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'YIdl~1JmI11L~~~ 2.19 ~~. 'l~\lm'YI~~'ttlluflm~~u1"''J-l 8 '6~. (static bed 

height) L~mtJu inert bed material ~rn~~,j~'1Jfl-l'YIdl~~l~m~Yl~lufl)ldl.:l~ 1 

~n lU ,.1~l1mjl .:l~OJ ~tt l ~lY1l11~fl.:l -;a~l~l \ fI)~~~ 1111 ~tJ YlnflU~n luy]LL"'1~flu~'m~~LLm.:l 

~lmJlU 1Vi1I111JU1I11Ciil~'l ~1U~1fl th .J1JtJ.Jfll-ruflUOJ~L~1mJ ll11mm~ l~fllml11f11-ruflu 

'1I fl.:l1~nlU lyJ~1~~1<i1V1LL~1-ifYl~'mm~Yll1'fYl'fl ~ l~S1-rufl.:lm.:lmm *-l L~U~l~U~nm.:l 
'Il " 

;J:;f11U1rn'l1 nJlV't1n~~.:lL\fi:;ml~~ 1 LL~U L\~~L~e.m111 e..J fi'1ltJ-lm11~L~~ lunlu~u~£j 
f) ~"J1U1UL~nUfl ~ fllWflUvl.:ln~n~~\lnttlltlLl~n~111tLWJm.m~1~ml~~m.~ 

(pyrolysed) lu 1 .. ~lCflJL'lu~Qrn'V1JJj11123 OK LiJu nm 30 Ul~ L~tl'iitJ '1~m11:; LVI ~ 1\.-1 

t~l'u~um.m ltl Yjn'l ~1fl ~l']~LCfl~~~'l~\lntb LtlfltJ lULfI)lfltJtl1~~lru 24 ~1 k-l r1flU 

"bltllm,V1~fl-l ~rn~w~'1ItJ~~n '1Ul1~1fl~1.:lLL~~ pyrolysed carbon LL"'Yl-llU~ldl~~ 
1 

iI'''~~ 1 filJJi'~LA":~il~fin lU~Ui'::fU\U1al~ii'Jlil~""UUi':: • • 
electrode carbon #li"ili'il-1 

Fixed Carbon, % 

Ash, % 

, 0 I 3 
ml~'V1\.-111lUUudln[j (Apparent density), kg/em 

t1'i111 

" 

ml~'VlU1LL~Un~~ (Bulk density), kg/em" 
, A 3 

ifm~'VlU1LLUU'lJ.:l (True density), kg/em 

Pyrolysed electrode carbon 
3 

ml~'VlU1L L-.iutldln!) (Apparent density), kg/em 

pyrolysed 

47.58 

4703 

5.39 

127 

2-2.39 

1.45 

2.63 

1.68 
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L~~mTI1Ijl~~\llljl~ bed Vl1i'1.fu'llfl,'Jf)'1f\1 ~LL'lllU~m/tu~m~~~~:;\lTWil l~ 
1flunm.~ 1(j)~ 1~e:nmfl1~~r-J1UL-nl LL1JU SF8 'J~~,'J~rnVl1JS1 700 oK 'Jln~~L'Yl~n luYi 
'lJUlij1 1-2 ~~. tb:;~lrn 2-3 n~~ f1\1'llnI?11~U~'lJ ~,'J~f)~~,lL~ 8 l~dlij1mdbe.JllwjLL~~ 

'r'il't~j>JrnVllln'lJfl,'J bed L~~~u5n 'lln~~mmf1'J:;t)mtl~~ul~L-ihblU1J S8 VI~f) SF8 . ~ " , , 
~ a" ....J <;; n,. a, ""~ ___ 
'Yl~ tJ 'ildl",l~L~vn :;'1m\l superficial gas velocity (mmL11'lJf)\lm-rnc.JlUflf)G"l~Ulij1 

L~el~~~~bJije:J\}f11~ Lb~\I~QrnVIJJn"lJrn:;Lf"JllV1~) fluml~L~1~l~(j)~Yi11~ bed L~~Lnij1 
spouting (minimum spouting gas velocity) ~lfitl\lmd'J :mij1i;'ri]\I l~md~mtldLdl 
1~e)Cj,l1l~1~ U/Ums ~\I~~ 125 d~~ bed $jQrnVl1J!ll~~~ultlOJu~\lQrnVl1JS1~ 
cil~\lmj LL~~~n 1~Y1~L'Ylf1\11tl~~\lLLjmc.Jllvt:1JVI~ij1 ~\lL~~~lli4umTI1ij1~f)\lLL~~~mJ 
'Ylij1f1e:J\I~\I~~ ltld 

If , 

on (;lit il~ fl1'nr·n 1 \IIJ7'lJ il~il'UJ'l1f1 L ~ elL'Wa~ LG\!I1 
~ 

mTI1ljlf1fl\ld'l~Yil~\I lULLUU SB LLf1~ SFB llil ~ l~fl\.l1llflL~mVi~.l'lJmlil 6.3-8 • 
~~. b'YlL·tlltll~ bed 'Yll\lJ1lUU~'lJf)\lflfl~~,l mj~ij11yJ"lJ1Nl)U1ll~ mjLe.-nlV1~'1lfl\l~lj • 
I:;LVI~ l\.1ril~i4~ mjLwm(ihLL~~mJLe.-JllV1~'1lB\lril\.l (char) 'J~nnf{\lLf1 'i1'llnm:;'iilm')'l 

~ , , 
... a ,:t "t! ~ ~ d ILl 

IillUUU LL~:;L~~mJY1m~fILu1~Ub'Yl~JU pyrolysed electrode carbon 'Ylm\.ll Iil L'YIln~ 

'l:;rmu l~l'Ylljl~el\l 't~~m~m:;LL1J1JL~mfl~ 
'IJ 

fl1"5onGtail~mL 1a1~Lr.n LvrJ7vrllGt (Burnout time) 

mTI1lilf1tl\ld'l~'YlIilf1tJ\I~\lbbU1J SB bLG"l~ SFB llil~~wn'l'lJtl\l~n l~Yt~~'lJulC1l • 
L'Yhfl~~lwm 2 n~~ 'l:;nm'Yl~,'JltJl~ bed 'llnJ1l~Um~,'J~~~~,1 nm~mjj~LVI~ 1,.~ 

" 
ril~i4~Lm 1 VI~LbG"l~'li1,'Jril~Le.-JllV1~VI~Iil'l~1Iilllil~lil~m~'Jm,'JlLLG"l~ 1~ul~m~1Jb1m 

" , 
.d~ i.I~ A 

'lJ~Wl'lJtl,'J~'+fIl~'Yl L'lffln,!;-l~tl 6.3-8 ~~, 4.7-6.3 ~~., 4-4.7 ~~ , 3.35-4 ~~. LL~:; 

2.79-3.35 ~~. bb~G"l~'lJ~llil'lJtl\l~U1ll~~l\l1J~'J~'YlIil~~\I~~H~~~ 2 ~~,'J L~~ml&.JLL~''J , 

l~~tlM:lmTI1lil~tl\l 
" 
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'I ., ... 
fl1'3L~1 L\UJ'1Iil~il\Ul1ALr;t!.l1 

~ 

.. A 'I t 'I " <i.1 
\j.Jf)f)'Wll~'llf),mn bWr1'llUl~ 6.3-8 J.JJ.J . rmb'Y1~~ LU bed '"3~G'!~Lnlj]l'VIUuj~mtl . " 

lyJ'lJf)-l~U~'VI~~f)f)nJ.Jl~lnmjL~tJ~~'lJf)~~n lu'f1nueJ'1fll~'llf)-l'r1j1t1 (~U~ ~n~~ln 

attrition) bn~~Uf) ~l-l'if~b"llU 'VIG\~"Illn~mh~J.Jlm 2-4 lulfi mJJ~L'VItJlu~lU~U"Il ~ 

f)'o/l1~b~~f)U~"IllnU1b1m spout ltlu1L1m fountion bb~'wmn~tJJ.Jl~th'lJeN bed 

U1 b1rn annulus (G\m~~dltJ~:;b~tJ~mtJ lU spouted bed ~U'r1mlJ.J'llf)~ Prasong 
" 

[9]) "Illn~umVJ1~"Il~"IlJ.Ji;1~ltlluu~L1m annulus Y1~f)J.J'l nUmdb~mJ~f) 'Ylj1tJ "IlU~~ 
U~L1m'lJf)Ub'll(j]J~Vrll~ annulus nu spout n"ll~~n'ifny.nlu"uu1b1m spout 'Yi11.,;'mJ 

b~~f)U~'lJf)~t.l'Wll~~JUJflUbtlU'J~'Ild mJL~11'VIJ~'lJf)-l~ldd~b'VItJ l.Ut11ui1WlltJ luu1L1m . 
annulus bLi;1:; spout "Il:;~~mG1L~ul~mn m.h~lJnG11l-Jmml-Jl·mvilultl'1.~";h bUi;111yJ 

~~~J~f)mfJUfl'Wll~b~f)~J.Jl"lllnmJbm l'V1~'llfl~~W~:;b'VItJ lu~l'W;'U "Il:;iI1'1J'VI~f)'V11tllu . . 
b~eJ ~m tJ&lUU1b1m annulus bY1Jl~"Il:;nmJ~bl!b~tJmlJ.J-!fJU~~"IllmUm lyJltJ~m+m~ 
'lJeJ-l'r1'rl tI~~f)mf)Ut.l~ bLi;1~bUm lyJ"Il~uJlf")i)5n~~~b~tldlw;;utJn'ifmtlluu1b 1m 

spout J1.:JbL~WllY1b'VI@jmJrn~bb~~.:Jlu~~ 3 Y1{)~nJJmfJ.:JmJbml'V1~uvilueJ~d n 

nJlmlU"IllnmJ~.:Jbf)~1mJb~11'V1~tilu~u"UU1b1rn particulate phase bLi;1~ bubble 

phase lu fluidized bed bbUU 2 ~~ [13] 

mJbbG1n~l'lJf)~t.l'o/ll~~n lU'r1'1udJueJ'o/ll~~~t.lU~l'] lmll (b1t1nl1bn~ 
fragmentation) ~~.:JLLJnJ:;'V111,]'li1,]mdb~Jll'V1~mjj~L'V1tJ lu~lu~u n~.:JLnG1L~UL'liu 
nu b~t.l.:J"Illmn~mll-JJ1u.rmJ lUt.lWll~b~t.l~lJJtL'VItJ "utilu~unnU~t.ltJt.lf)nl-Jllu'lJru.t . " 
~fJWll~nnvil "~~f)UfJ~U~1~b~1 [14] G\n~ru.tmjbml'V1~'lJfJ.:JmJJtLWJ lutilu~u'lJt.l.:J . " 
fJWll~~bb(j]n~1eJt.lnl-Jld nSjG\n~m:;b'liub~mnUmJLm 1'V1~'llt.l.:JmJJ:;b'V1tJ lUt11U~U~ • 
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,//· .... -;··0···············,· .. 

/ ..... ~····· II r········~ 
Fountain 
Annulus surface ... ~\ ~I .. 

• , -!-, --iI-Spout 
:: Annulus 
I , 
I I 

Air 

lll~ 3 1l1~lf~~lInmN' l ... ai"'H"l,,:~,.nJ L\4ci1\4a\4 L\4"rIl:~9~Uti": 
tnL1f14L\4 spouted bed combustor 

1 ", .. .t".d 'I, A " 11 . I .., 
rmbe.Jl 'VIm1J-:Jm~ OJ::;Lr1~'1I~'VI~.JOJ ln'Ylmi':l::;IV1~ l~m~V1~tln'll'U1) e:ln lumn 

" 
~ ~ I ~A A' ~ ... 

nlill<iln'lJ1)~tl'¥1l~fli~YlReJ~'lJeJ~1)1f1l~m~Ylln~'1I~b~tl-3OJlne.J"'lJtl\lmj~n~lm:::fl1 1 

l~eJ~~l~ l~m~m~\lme.Jll'V1~tl nfl1~l1r1il~m@lL~U l~b'riu~~mn~ ~~e.J .J'lJ eJ.~~l"u~ 
bn~'llnmdb~~~~~th (char attrition) [15] bb~::;mibb@lndJ~n::;Lfl ~l~n'l 1eJ'Uf) 'tJIlfl 

[16], [17J OJ:::l~~~~th~l'VI-TI_Jn11be.JllV1~ bl~:::'lJ ru:::l~mn~nb~~md~tlJ l~U'1Ie:h'rll~ 
b~eJ-:J'll n~ue.J\lr1n~n~leJeJn ltJnurll'1f YillVi~wlb1m~le.Jl 't'Vl~V1l-J ~"\I 

• 'IJ 

~l'VIWmru.'lJ1J.JeJ'tJIl~ pyrolysed electode carbon b1m~~~ 1'ltJ (ignition 

time) OJ:::~lbb"::;m~nllmru.~n l~Yi tl'tJIlm)l~\lIe.Jll'Vl~OJ:::1Jn~\lLr1<ilb~~bU~~~ bl\9l \l 

1~ ~ iJJSjbtJ~lb ~eJ\lOJl nmJle.Jll 'VI~'lJtl\lfl1JJ:::l'Vl~ 1 ~rll~~~ 'lJ~1 ~'lJeJ\leJ'tJIl ~'l :::f1eJ U'l 

'" I" 11_'" "x lmm-:J b~~ 1J.JLr1~rmb6<iln<il1'lJ~ 

~n'tf'rn:::mJle.Jll'Vl~'lJ1)\ltltull~b~m'lJtl\l~n 1~Yi'Vl1tl~lTIm~ 1~ spouted bed , 

m~lJmb~~-:JbU~b6e.JtullYi l~~\I~~ 4 ~.JYi~~mJmeJ-:JmJbe.Jll'Vlir~n'tf'rn:::b~mn~n 
~.JLn<ilb~~ ~eJmmf1bJnileJ~ lVibn~66uu SFB ~~rn'VI1J~'lJeJ-:J bed wilnu 973 oK 

UlUrns = 1.25 ll~:::5<il1l~1~'lJeJ.Jmmf1~1'V1"c-Jlwrifl.J orifice ~fl5<ilJlmJlvm'lJeJ.J 
0-

i\I..., I .... 

m"lfYl.J'VI~~lYllnU 0.2 



(a) if1L\4~ 

---i> -6- ---P ¢ - --t> (} ---i> I) 
, 

(8) (9) (10) (11 ) 

(b) Electrode Carbon 

pyrolysed electrode carbon (b) 'il1f1m.;i~f\f1tl~ LJt\4 spouted 

bed conbustor: (1) ~fifl pyrolysis ~tl~ IIttrition, (2) f1"'~i\ Lw 
~84tfm~.",~ l\4til\4w~ft'mnL",,n\4"JthUtl,) Lw~U'IIIIIf1 tu, (3) .Utl,) • 
"84tf,.,"J::\"'~ '\4"l\4W~lJ, (4) 'ili\~tw'illf1f1""~111"antIl4nl\4 . 
(char), (5) l1"'~f\f1ti') tth'iJt48~1 '" 1",qjLLtl::f1"'L~lL"~~ilL':il4~il4 
tf,.,"J~\"~ 'l\4nl\4w~\Jtiil(Jil9n~1 , (6), (7) tji\~fl4L<i94qlf1f1"'Lfjl . 
1",a7'!194il~lfl'll84"1\4 'illn fragmentation ~II:: attrition , (8)-(10) 

'ilil~fl4~<iMqlnn,.,u.nl",a7'!1il4I1Wll"'''94 electrode carbon 1\4 . . 

~1~1~~r.l1l""~"UJ(;l 
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(1\ ) 

~lV1fuY1n'li'lJ·~m~'lJtl.:JeJWll~~~mjl~ tlWllf1'lJB .:J~n l~'r1~:;be-JllV1~~~~ • • • 
mnG11~TIJ~ 4(a) l~~tlWllH4,):;b~~tl~~ bU~'JBUbbUm.:J'J'J~~tlhn~~e,ll"umb~rJ 

~ . 
tl'¥Jl f1~l~n~~~5.jbbm lirj.J~'4,):;~tl ~~tJl'lJ1.l.:J bed bl~:; l~'lil.:J'J:;vdl.:JmJle.n lV1~'lItl,J 
8W~:;LV1~ l~nl~~~ mJLbG1n~T'l:;L"~j.Jj.Jln~~ (jl lj.J'lJ~l~'lJtl,J1.lWllf1 TIJ~ 5 LL8~.:J . " 
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61m~ b~".Jl'tVl~VI~I1)'Ue:J,:jmJJ:;bVl~ l~rh~~~ bm:;ril~l~ spouted bed combustor 

'Y11?1 ~tJ,J~ U/U = 1.25 LL~:;~rnV1ll]:J'U tJ,J bed = 973 oK '1:;~tdlfil61m~bm'twj ms 'i \J 

V1~11)'U8,JmJJ :;L VI~ l~ril'U~~ LL~:;rilU'l:; L~~t;l1 ~'U~111)'U8,J8'tf1l 1 f1~ L'Y1~,J 1u 

L~tJ\l~ln5jmJLLt;ln ~\lm'l'OJ :;L~~t;l1~mJb~lj'/ltJ,J~~~~')'UtJ\l8U1l1f1 ~\lYill~ . 
mJL~~'lJ8\l ]' ')m~L~'.JllV1~VlJ.J~~lVl'lli8'tf1l1W1J~11i1 LVlt1J~ ~1?1~8,J'U~11i11~mwJb~;wLY1~,J 

260j= 
260 C<lndi!Xlns : Tb - 973 K, UNm. _ 1.25, dp _ 2.19 mm, Hb _ SO mm 

~4() . 0 Vot..uloos bu'nou1 lim" 
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o 

,mj 5 mn~~t.111"aMSlil!B4lf"m\UJ L\4tl'l\4W (Ll) ~i\tti'l\4 (t) L\4 
" 

spouted bed 

if,tJ 
'I 

II 

mdLr.Jl1V1~'U8,J~\l~n 1mi' LL~:; electrode carbon L~ sa LL~:; SFB LL;;:f~,J L~ 
, , 

" '" "' .. fl '1. 1 ' A LV1~mmJLf1~ tJ ~'Y1bu~J81JlL1J1J,),J'OJJLuJ:;VI,)1,J1JJL,)ru. annulus, spout, LL~:; fountain 

L1m~tJ'tf1l1f1f1,:jtJ~ (residence times) l~1J~61ru.LVI~l~'OJ:;dJ~~,)bbUJ~lf1qJ<;im)t;ldl 
mJLe-.Jl1Vl~ mJ~m~lL~~L~hJ lUL~tl,J residence times 'lJtJ,Jtl'tf1l1f1~tJ~1~Lb<;i~:; 
1J1L1ru.~\lijml~~1f1b1'~ln<;itJmJ1'il combustion modelling mJU~mmtJn'lJ8,JmJ 
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1~\ 'YW It\r1l \..\V\t\'n n~t\.rn "'lltl"l~n I t\Yi'OJ :mmc.lllVl~\..\nJ'lJtI,:jblJm 'tyj~m.Ji~UtlMlft 
~ \I \J • 

\o\:Iwl :;lt\u~nru spout U~:; foun tion m·m~n'1J8-.ltl o/ll" L;my.j~.,Jj!::V11 1,m-mt'Jllvuj' 
'll8-.lm'd1!::LWJ l~t.il1-\V!t\U~::rilWIl~f{.JLfl'ilL~t\ It\mru''II El.J~n L""Yi tlo/llfl'1JB" electrode 

carbon '"l~L~llVl~~~.;l~iimJLLWln~ll 
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