FP10-0122-00 DESCRIPTION Title of Invention REACTI ON CHAMBER

Techni cal Field 5[0001] The present invention relates to a rea@ﬂlQﬁOHZ—OO
chanber of a fluidized bed reactor. Background Art [0002]

Conventionally, as a technique of such field, a reaction chanber that

i's described in the bel owdescri bed Patent Docunent 1 has been 10

known. In this reaction chanber, Plrfﬁg }?ﬁﬁf nged multiple

wat erwal | tubes extending vertica y,é esemv\g?erwall tubes are
connected t 4 : plate-l1ike fins, and thereby walls
defi ni ng thiogﬁ; egi;p%%ﬁdéﬁgnber are formed. An upper part of these

wal I's is inREaYLT gﬁfu@; ti cal posture, and an internediate
ﬁ I@N(f entE

part of the walls iIs ownwards as well as outwards at an
angle to thel'?’(ﬂ{ﬁi'bﬁp iddjane Furthernore, a lower part of the walls
continuing below the bend part is applied with a refractory lining on

the igsi de, [@091?"![‘&613%?5@1% fiﬁeém%n}] Jfél%terseftba‘ét %é(?ﬁdprpiél%ﬁer of a

di sposed so as t0 be Itioned I1n the sanme vertica ane as that of
the fins at flingdixed bedphitopart. OMng to this 20construction, it is
suggested that when reactant particles in the reaction chanber fall
down al ong tlgclk@bditnd Aigy are made to fall continuously without the
occurrence of changes of direction, and thus erosion of the walls

caused by t1{@009] ICeiwmtinalRe as eAethRiqueds £ bdiesicl®, SrRtiensdhmber

that is described in the below-described Patent Document 1 has been

10 known. In this reaction chamber, there are arranged multiple
waterwall fubes extending vertically, these waterwall tubes are
connected together by flat plate-like fins, and thereby walls defining this
reaction chamber are formed. An upper part of these walls is in a
substantially vertical posture, and an intermediate part of the walls is

15 bent downwards as well as outwards at an angle to the vertical plane.
Furthermore, a lower part of the walls continuing below the bend part is
applied with a refractory lining on the inside, and an inner surface of
this refractory lining is disposed so as to be positioned in the same
vertical plane as that of the fins at the wall upper part. Owing to this

20 construction, it is suggested that when reactant particles in the reaction
chamber fall down along the walls, they are made to fall continuously
without the occurrence of changes of direction, and thus erosion of the
walls caused by the collision of the reactant particles is suppressed.
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of Invention Technical Problem[0004] In this construction, however,

an upper end of the refractory 5 lining is shaped to becone thin by
degrees upwards along the bend of the walls. At such thin upper end
portion of Yasefractory lining, it is difficult to enbed an anchor

for preventing detachnment. As a result, there is a possibility that

by the frictdpmadfy e@Thvehfionof reactant particles, which are
fluidized along the" walls 1n the reaction chanber, 10 against the

upper end offddinics] PeébRfmy | i ning, the thin upper end portion of the
refractory lining cones off and is damaged. Wen the refractory

lining is dquo04d.Int s reashaRtioRHovwdns, tablaiﬁgpéﬁ énﬂubﬁith@d:eiﬂfhcftg%

vicinity of the walls are |ikely to pile at t damaged porti on,

as a Jesul t lirlihg wadleped! fo bedizte thin by d¥geediupvindsnlass the
react ant particFes to 15bg damageéd. [OgOS]QIét I S theref%‘rige anqj%&ﬁgﬁ

of the presehe wallent heruch thirovpger and gratioarofiiridiactanalihigfit is
suppressing the detachnment of a refractory lining. Solution to

Pr obl em difficult to embed an anchor for preventing detachment. As a result,

there is a possibility that by the friction and collision of reactant
patticles, which are fluidized along the walls in the reaction chamber,
10 against the upper end of the refractory lining, the thin upper end portion
of the refractory lining comes off and is damaged. When the refractory
lining is damaged, the reactant particles that are fluidized in the vicinity
of the walls are likely to pile at the damaged portion, and as a result, the
waterwall tubes may be brought in contact with the reactant particles to
15 be damaged.
f0005] It is therefore an object of the present invention to provide a
reaction chamber capable of suppressing the detachment of a refractory
lining,
Solution to Problem
20 [0006] The present invention is a reaction chamber in a fluidized bed
reactor having a grid at the bottom of the reaction chamber and walls
defining the reaction chamber horizontally, the walls having;:
a substantially vertical upper waterwall section in the upper part
of the reaction chamber, the tubes in a waterwall being combined with
25 fins or flat plates to form the waterwall;

a refractory lined lower wall section in the lower part of the



20[ 0006] The present invention is a reaction chanber in a fluid] ;
bed reactor having a grid at the bottom of the reaction chanbégbi§§”22’00
wal | s defining the reaction chanber horizontally, the walls having:

a substantially vertical upper waterwall section in the upper part of

t he reaction chanber, the tubes in a waterwall being conbined with

25fins or flr@éct?ér?tgﬁﬁ%rfb%rj%@ the waterwall; a refractory |lined | ower

wal | sectionin wer’ part of the FP10-0122-00 reaction chanber;
et erval | soct] on i nae e SRy SRk A0 ARV REH heSaiRR Gatorwal
Cect fon 15 BeRioB a0 thetekAEE Tied Rbcirall SECUBH, B Eal Pl Hh et
'S 5 hori bontal oo raasrpBodly R, FSo ARG, walERRL FRORLE | B
case g n whi %vﬁ%ﬁf&”ﬁ ?%ggés%ﬁ%vafrﬁk 'aF]Qﬂ aﬂ%‘l@tﬁé‘w%@%agﬁpcﬁ% and

wat erwal | part are co agal nst the upper

refractory lini ngan%ﬁ‘petr%n h@ke 0FehE RERLCHD éﬁﬂ@% r1§ éQlOﬁZthﬁlgél.lc%élll‘faCG.

refractory lining 1sformed to be a horizon ace, I'ST on

of the abovqougm| IANafs hBACHAN cHRibeC! QRn fn | BEScAde Bl Ywh R Hlachint

the force of causing this refractory fining'to cone o I'tion,

in case whe f r I '
hor | sont al - Saritles {RItg G0 H6AZtin Aifer’ WS Hiall Yart obe Bllided dedifst®

S0 o on Do SbpRTONc OB T SA0F) BB S OB oMbl 0RRE
of f Jdue to tofetliisi edfractoapdicivly iisi AR tHebeeachafbom@l thfkRS, the
collision of the above-mentioned reactant particles is less likely to act as
the force of causing this refractory lining to come off. In addition, in
case where the upper end face of the refractory lining is to be a
horizontal surface, the refractory lining at the upper end portion can be
15 thick enough, and this sufficient thickness at the upper end portion can
make it less likely for the refractory lining to come off due to the
friction and collision of the reactant particles.
{0008] Furthermore, the refractory lining preferably includes a sloping
surface that is formed so as to be positioned on the inside of the upper
20 end face and to come down inwardly. Owing to this construction, in
the case in which reactant particles falling down along the upper
waterwall part are collided against the sloping surface, they are splashed
back in the direction of being apart from the walls toward the inside of
the reaction chamber. Therefore, the reactant particles after having

25 been splashed back are less likely to be contacted to the walls again, and

as a result, the damage of the refractory lining and the waterwall tubes



[0008] Furthernore, the refractory lining preferably includes gpy -0122-00
sl oping surface that is forned so as to be positioned on the insige

-of the upper 20 end face and to cone down inwardly. Osng to this
construction, in the case in which reactant particles falling down

al ong the upper waterwall part are collided against the sl oping

surface, themm}b@sﬁpﬂ)@ggaﬁ back in the direction of being apart from

the walls toward the inside of the reaction chanber. Therefore, the

reactant parfiogo@Fhathemdeyithe appeerersbl fasbedf &P@kr@ﬁ&tggsqiﬁihlgfliy

to be contacted to the walls again, and as a result, the ddmge O

the refract gineférabin positibriddeoumicdy vied vittubiep ve?ﬁcél%ﬁﬁ%%l@ﬁg%@ f8s
o

suppressed. 10009] Furthernore, the upper end face the refractory

lining is prief ﬂfeabpgenoMéME aoit sindehit heise] thdlabbyeyeéitiGidd pbpee
along the fins in the upper waterwall part. In this case, the

aboves nent i erebifagepisrio te positivaed ors theobbekgidsiofithsaghpen witerwalksirte

of the upper waterwall part viewed froman internal part of the

reacti on chanbered fomhat idtermadapaanof phet redotior alblmterdaon tikatodige
the upper waterwall part are less likely to collide against the upper

end face of rehetantfpaaticlesyfallimg dowiatonglithgluppertwatermadisplttearedess
further suppress the detachnent of the 10refractory I|ining.
Advant ageoudillietst soblidé mgamstofhe upper end face of the refractory lining.
Accordingly, it is possible to further suppress the detachment of the
10 refractory lining. |
Advantageous Effects of Invention
[0010] According to the reaction chamber of the present invention, if is
possible to suppress the detachment of the refractory lining.
Brief Description of Drawings
15 [0011] Fig. 1 is a cross sectional view illustrating a first exemplary
embodiment of a reaction chamber according to the present invention.
Fig. 2 is an elevation view illustrating the shape viewed from the
inside of the reaction chamber in the vicinity of an upper end portion of
a refractory lining of this reaction chamber illustrated in Fig. 1.
20 Fig. 3 is a cross sectional view illustrating the shape viewed
from the side in the vicinity of the upper end portion of the refractory
lining illustrated in Fig. 2.
Fig. 4 is a cross sectional view illustrating the shape viewed
from the side in the vicinity of the upper end portion of a refractory
25 lining in a second exemplary embodiment of a reaction chamber

according to the present invention.



[0010] According to the reaction chamber of the present invent] nO | t

is possible to suppress the detachment of the refractory |iningk10-0122-00
Brief Description of Drawings 15[0011] Fig. 1 is a cross sectional
viewillustrating a first exenplary enbodi mrent of a reaction chanber
according to the present invention. Fig. 2 is an elevation view

in the vici e TOPHGR AOLESHANs: 100 Of a et ractory ining of
L s, roact | QTR EREE AR SR Slat Elochment Bl 8. bl (HiFer
! Tust r ot ea T°oR B 18 BroRl§Rertlor WA @ ial i (4R reforring to
illustrati nqh%la@a‘%ﬂ?g%e viewed fromthe side in the vicinity of the
upper end portion of°a refractory 25lining in a second exenplary

enbodj nent gf) §3Leaction chanber according to the present invention.
FPlO-OlZZ-Og %es ription of Enbodinments [0012] Hereinafter, exenplary

enbodi rrentS(Ean iﬁ?&féi n chanmber according to the present invention
wi |l be descri }goddln elgail referring to the drawi ngs. 5[ 0013]

As illustrated in Figs. 1 to 3, a combustion chamber (reaction
chamber) 1 of a fluidized bed reactor is provided with a grid plate 3 that
is horizontally disposed at the bottom and a side wall 5 that horizontally

10 defines this combustion chamber 1. The side wall 5 is provided with
multiple waterwall tubes 51 that vertically extend to cause water to flow,
and multiple flat plate-like (platy) fins 53 that connect adjacent
waterwall tubes 51 together.  Furthermore, the side wall 5 is
constructed of multiple waterwall tubes 51 and multiple fins 53 being

15 alternately arranged and connected. In addition, the side wall 5 is
provided with a refractory lining 55 that is applied on the inner wall side
so as to cover the above-mentioned waterwall tubes 51 and fins 53 at
the lower part.

[0014] Into this combustion chamber 1, air is introduced through a

20 nozzle 4 from an air chamber 7 beneath this combustion chamber 1, and
reactant particles in the combustion chamber 1 are fluidized by this air.
If other gas than air is used to fluidize the reactant particles in the
combustion chamber, gas for fluidization is introduced through other
inlets (not shown). Moreover, in some cases, fuel for combustion,

25 additives, and other particulate material or secondary gas are supplied

into the combustion camber 1 through other inlets (not shown).



(Enbodi ment 1) As illustrated in Figs. 1 to 3, a conbusti

chanber (reaction chanber) 1 of a fluidized bed reactor is pr omgdmzz"oo
wth a grid plate 3 that is horizontally di sposed at the bottomand a
side wall 5 that horizontally 10 defines this conbustion chanber 1.

The side wall 5 is provided with nmultiple waterwall tubes 51 that

oo T ST MU i
2oal TSP AR U S GRS Sy
arranged andcemarch g nAShoionalhe ilEovah wBhbs BEEMAYE e

to cover t hef%%%g?ﬁ&%h' Mﬂgggi@%ggbgﬁggg%}d@%m iS“ﬁlcﬁﬂ@stagS'ﬁ’er

| ower part. Into this co er 1, air 1s 1ntroduced

through a  2RaNog#t Soihhf Ribdidd viliR e bbdya G dhed S AGBRY $iog

chanber 1, and reactant particles in the conbustion c are

fluidized bys$hinsd Abfizohfal Rt BERn&RE 160AR g)&g 1& Dr4BB ¢onPohidtit bRAmbRE

reactant particles in the conbustion cha gas for fluidization is
i ntroduced throgghddifies, thel $ds walPs FRMEYs aﬂ/%ﬁtfé?m;éﬁiatbﬂvmmalﬁaﬁﬁ@

fuel for conbustion, 25additives, and other particulate material “or

secondary gashahet &ipRhated batwehhtheC appes WRerwaAlhRit Sat M ab 16%ReT
inlets (not shown). FP10-0122-00 [0015] The side wall 5 includes an

upper wat er walall parit S§aanddHorizoriallyedeffies A8 MBé@nydiate pabesbSdf and

the fins 53, has a substantially vertical posture, and horizontally

defib@s an uppebupdsh dhandferthe Thehbiasio efitiehasipgn dff theuidvear wallepart
the side wall 5 includes a lower 5 wall part 5c that is provide

with the aboVewithtispretito tHe aettimny heiglitngf the toti didewatbAtiahkyally in
defines a lower part Ic of the conbustion chanber 1. In addition, the
side wal | 5 flrctengesfan linteei n®di ate waterwal | part 5b that is
situated between the upper waterwall part 5a and the |ower wall part
5c¢, and hor i fHHhiGdl Ay iHestrated iarFigat 2 rameld3 abe pde twalb5pét & fhendifbsition
conbustion chanber 1. The ratio of the height of the lower wall part
5¢ with respk8t of othehénteemeidiate meitgnwaldf patie Sbotial beitieatnwainl ahgls o
usually in the range of 1: 10 to 1:3. [0016] As illustrated in Figs.
2 anli53, thedewaevaids |l aswell as pwhwasssi tnonlentally, in the state of being
illustrated in Fig. 3, the left side of the side wall 5 is an internal pat of
the combustion chamber 1, and the right side of the side wall 5 is the
outside of the combustion chamber 1. This angle & can be set to be 5
degrees to 30 degrees, and in many cases, setting of the angle o at 10
20 degrees to 20 degrees enables to obtain such sufficient effects of
bending as described below. Further, in a position of bent again 15
between the intermediate waterwall part 5b and the lower wall part 5c,
the side wall 5 is bent at an angle o in a direction opposite to the
direction of bending at the bend position 13 so as to vertically extend
25 downwards again. Thus, at least an upper portion of the lower wall

part 5c extends in a substantially vertical direction.



13 of the internmediate waterwall part 5b, is bent at an angle a 15
downwards as well as outwards. Incidentally, in the state of bEPhg-0122-00
illustrated in Fig. 3, the left side of the side wall 5 is an

internal pat of the conbustion chanber 1, and the right side of the

side wall 5 is the outside of the conbustion chanber 1. This angle a
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of 1Qf he ab%@aﬁsaéjrﬁeﬁﬂoﬁ d)glo%?%%gﬁi%ggg\%:% [0018] Letting a

virtually vertical plane along in the upper waterwall
art 5a a v [ ; ; ' t j j t;

end face 21108 Shar Ty ahay Pubklly, SRR Benb RbAE LIRS K Rer,
back vi ewed vi#tefivall Pt ShRerfidal pRhet A8sGHIRYSITR 6B %@gg, ﬂzﬁle ‘.‘@@‘I

is, 15 the ridge line 21a at the end of the upper end _
posi tioned euidstbe 2hes ‘fﬁ’s%ti(ﬁﬁ!d Blieide fhe 'v%rt@@k{l'r#lhﬁé ANEBEL IAGh8 back

virtually vertical plané of being contacted fromthe inside of the

reactor 1 wivibwedseat ahointéi@abyhel of ihé eohaationathatbeRqy. OfT1RARGE,

waterwal | tube 51 in the |lower wall part 5c a vertical plahe B as
i I'ldsy rat edthe sfidee flirguRda athehe eddeof ithe upter 23l dhed 4 LppekitRied

face 21 is positioned inside the vertical plane B (i.e., in"the front

vi ened fromaeansidet enabrtpenitplahet Ae derbddiicnn letttaber virhualBy vertical
securing sonme di stance between these ridge line 2la and verti cal

pl ane B, thelame off beimg contacked oo thédnside afibbireactbed Wwithatespbet to
upper end portion of the refractory lining 55 can be thick enough.
25[ 0019] Acdhe ditier ciwcgmdtrentiabsstinoa ofeacherattrwalldabe rs ibedtlabtowesr
wall part 5¢ a vertical plane B as illustrated in the figure, the ridge line
20 21a of the upper end face 21 is positioned inside the vertical plane B
(Le., in the front viewed from an internal part of the combustion
chamber 1). By securing some distance between these ridge line 21a
and vertical plane B, the portion of sticking to the waterwall tubes 51 at
the upper end portion of the refractory lining 55 can be thick enough.
25 [0019] According to such combustion chamber 1 as described above,

due to that the upper end face 21 of the refractory lining 55 is formed to



due to that the upper end face 21 of the refractory lining 55

formed to PP 10-0122-00 be a horizontal surface, even in the ?%39‘9%22’00
whi ch reactant particles falling down al ong the upper waterwall part

5a are collided against the upper end face 21 of the refractory

lining 55, this collision force is less likely to act as the force of

gwt ggt LQ‘L 4.8 haNEORMG DG, vl i WB, S in Sy Haciiieidictes
¢ up AL Mol
u‘;pei end parie dogh"ane G 86fer, Wiferyiall BRHCSY ot RoPle? efbiokinfae
o e, UPDC SR B He8r £8P RS Y E el o ISR IR s
upper end pﬁrﬂfﬁﬁﬂﬂbOF‘C’?%aﬁéﬁ%ﬁfo%%sﬁé??ﬁﬁ%@?ﬁ Hudhg 53 eRha e
s 5 o PRPLMPHEI e LGP U Ko ot P iy
O or f ace §3f iiipe S B ae%d;‘a?%ﬁ??ﬂiﬂtﬁ%%iéf%ﬁ&ﬁepoﬁaﬁﬁémmeﬁ%ﬂg
o torner | a8 upbef d: p6rtidHehn B thicl!Endish Snd HAEAAHBIent CKARES
Fur t her nor e, ateyen; 'tgéertéiﬁl @aﬁ?oﬂveaﬁ%néﬁéqf ﬁ@% elgeé;gi ﬁ;&g%t{lﬂ&exhlgﬁﬂﬂf&fé@f

al ong the upper rwal | “part 5a are co ain op1 ng

surface 23, die it6 @iel #SBREnPAGK Eollikimn gifff Bk AR n@&ni&l@s brg gg%@fearlin

fromthe side wall 5 toward the inside t he conbustion ch

Therg or e, toiRlifigAchARkomdng st enffidient ichran aRhexiad:hagkpdifn 68

likely to be contacted with"the side wall 5 again, and as a resu

the damage chetrbfat®iydbiing)ss,iinbasokes PodsibhetavpteriRl 4n hudias & tkan
be suppressed. 25[0021] Further, due to'that the side wall 5 is bent

downwar ds assunfide afStheusatordall tirbiehes Ibend the Sinlsi 331td nf@d th 8treR
end face 21 is FP10-0122-00 positioned outside the vertical plané A

reactant pardi berrg fadeld ay tHevmppdrosgdt pertiomsSheotefhietonprifing 55.
wat erwal | part 5a (that is, along the vertical plane A) is |less

likely to cdfutier, ayeitosthat ke whppingenut fhce 3 A3. foFhusl, ad heclden feghirent
of the refractory lini nng 55 can be suppressed 5 further. Fromthe
S

vi ewdbi nt ofcdraer pgrtsec hettéar thss upper end face21 iamdathiedingbt vdilt ewifhen
fromthe bend position 13 to the upper end face 21 is preferably nade
to be small ,23ndamage ahéhe agpenlendl somerepdrtiom of the eefriciaky fldng 75
to the ridge line 2la is preferably nade to be large. Furthernore, to
actual i ze sl bsnsuppiessenh, thethgpwreereyvehate Bk ohse hwhere reactant
particles falling down along the upper waterwall part Sa are collided
against the sloping surface 23, it is splashed back in the direction of
20 being apart from the side wall 5 toward the inside of the combustion
chamber 1. Therefore, the reactant particles having been splashed
back ate less likely to be contacted with the side wall 5 again, and as a
result, the damage of the refractory lining 55 and the waterwall tubes 51
can be suppressed.
25 [0021] Further, due to that the side wall 5 is bent downwards as well as

outwards in the bend position 13, and the upper end face 21 is



10refractory lining 55 is preferably provided at the height of the
position of bent again 15. [0022] Incidentally, regarding the ER$8-@F22-00
formng the refractory lining 55 by being vertically joined, it is
preferably constructed so that no joint face of relatively snall
strength is placed in the proxinmty of the upper 15end face 21 from
(e, VL0t o ol SAPRLeSSL 10 el AERIORt Ol L1P UBRSL, SO A0hige"
charber 101 ASng Al 5 53 1 1 6pES walcrdialt aeg 4P GRLBpcOBBAtHE
1551 5 ot oSEHORbRINEr B8 0 L Do FORCS A6RiB iheniopes sithiadendl
end of ‘the l’ilcljﬁlesr, ﬁ{éd d]é&%ﬁn%eznqt' of s hrae aecr’.co%arlﬁirilgs 5 rcrra%dbe suppressed
5 finther. From the viewpoint of having such effects, the distance in a
height direction from the bend position 13 to the upper end face 21 is
preferably made to be small, and the horizontal distance from the
vertical plane A to the ridge line 21a is preferably made to be large.
Furthermore, to actualize such construction, the upper end face 21 of the
10 refractory lining 55 is preferably provided at the height of the position
of bent again 15. ‘
[0022] Incidentally, regarding the case of forming the refractory lining
55 by being vertically joined, it is preferably constructed so that no joint

face of relatively small strength is placed in the proximity of the upper

15 end face 21 from the viewpoint of suppressing the detachment of the
upper end portion of the refractory lining 55.
[0023]
(Embodiment 2)
Now, as illustrated in Fig. 4, a refractory lining 155 in a
20 combustion chamber 101 is formed to be a horizontal surface at an

upper end face 121. Turther, an inner wall surface 125 of the
refractory lining 155 is extended downwards vertically from a ridge line
121a at the end of the upper end face 121. No chamfer part is formed
between the upper end face 121 and the inner wall surface 125.
25 Incidentally, in this combustion chamber 101, like reference numerals

and symbols refer to the same or equivalent parts as those of the above-



bet ween the upper end face 121 and the inner wall surface 125.

251 nci dent al | 5p in this conbustion chanber 101, |ike referenceFP10-0122-00
nunmeral s and synbols refer to the sane or equivalent parts as those

of the above- FP10-0122-00 described conbusti on chanber 1, and

dupl i cated descriptions WI |l be omtted. [0024] Also in such

conmbustion c 101 to,that the upper gnd f.ace 121, of th
refractory I(? FI@ gS%O@u? eC}E‘nHaIB‘?li 0@@1 ggﬂﬁf’gt@é &q:s{q:q onsswillhe
i n which reag % %%partlcl es falling down al ong the upper waterwall
part 5a is cC d agai nst the upper end face 121 of the refractory

force of cad0Rg1TARS Benlch forffl %ﬁ%%&%}fﬁi’l ortphe omegen ond

i no- 165 1 ek AloSh i iaARRLy Rifhs 133 5 ai%}a“fﬁ@ﬁgna%ae

hi cioness. ¢ repRar SRRl Farfls %W@%ﬁaﬂ%@é‘h i R ¥

par i ol oo 1 PbanS %ﬁlnﬁ%*%%%é ikt B A B € af?ﬁe?feefﬁa?w bm%s
becomss pose! branEaPia s hRisidR f ?%S%q?%e%sur PEe8 % Mg Euis
tubes 51 ang 1&1} %é&éréﬁnﬁ%f 6%‘6 trength of being fixed at

t he upper en Ion rac ory i ning 155, further enabling

d
bortion 1o L[?"QSIL#P Laih, Hﬁ%?%@?ﬁ%\épﬁ Shiiale ot of BB #é;'ﬂ’aﬁ%ﬁ
lelng]od(?(rjretn? tlﬁ(ﬁ'n%gp%fé g@g{)e: %Tlt%ﬁf;z?%ﬂﬁe ri étﬁgﬁgﬁéﬁﬁgq%g upper end
face 21 is r@)@rd&qd' ﬁo&ogaﬁlwﬂtmékseﬁ&@eaﬁ&rtﬁ L RSiRAE thickhBss

this case, upper 'end face 21 of the re actory ining 1s

construct ed thfsréﬂﬂ afl Plecuppireénd posfién Rah #RREAL less likely for detachment

due to the friction and collision of reactant particles to occur. In
addition, by securing the sufficient thickness at the upper end portion of

15 the refractory lining 155, it also becomes possible to iJrovide an anchor
on the surface of the waterwall tubes 51 and the fins 53 to enforce the
strength of being fixed at the upper end portion of the refractory lining
155, further enabling to make it less likely for the refractory lining 155
at the upper end portion to come off as well.

20 [0026] The present invention is not limited to the above-described
embodiments. For example, in the first embodiment, it is preferable
that the ridge line 21a of the upper end face 21 is provided in a position
outside the vertical plane B. In this case, the upper end face 21 of the
refractory liming is constructed of multiple intermittent horizontal

25 surfaces that are situated in each part sandwiched between adjacent

waterwall tubes 51. In addition, in the above-described Embodiment 1
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25surfaces that are situated in each part sandw ched between aﬂ"é’iﬁe@f
waterwal | tubes 51. In addition, in the above-descri bed Enbodi -(122-00
FP10-0122-00 and Enbodinent 2, as illustrated in Figs. 3 and 4,

~although the inner wall surfaces 25 and 125 of the refractory |inings

55 and 155 are positioned inside the vertical plane A it is

gkif SLF‘?! C i g%‘f?%ﬂﬂﬂ?eﬁﬁt%?éé @Z@%&ﬁ‘éﬁ%éﬁzafszﬁ% 4,4 Beksien, wﬁrll
tﬁﬁﬁvir??gaﬁﬂ%ﬁa%@%%cgﬁ il PR SS6 4B Feffighol Thands 9 A dpsaard
Shanaes o HUiddeN sidd fad FLRRE Pdtod W iPAE piFefllfle IR e AL pal
o aPPre: %6%%%??%??%%%%3@?#@0#6&@@%&?9%%%2hﬁ%ﬁéf Bnarboys GRES
EﬁﬁﬁL%Pf‘léh 3pabiafs PARAISS PR AORE alon tHePHAS 32%11%, uppét watersiall
21 150yt SAYMhAn ke dBEs he VAHERNPlind A carp ConlitE oy B dBRi
53: fin (3o MEInndSvall 30l Q§%§I Y25igFhe a-eﬁg%&ggtl#ﬁﬁgy 55 and

vertical plane =[ CLAI M5 reaction c

T
wal I's havi ngigainst the upper end faces 21 and 121 come to decrease further.
10 Reference Signs List
[0027] 1, 101: combustion chamber (reaction chamber), 1a: upper part
of the combustion chamber, 1c: lower paﬁ of the combustion chamber,
3: grid plate (grid), 5: side wall, 5a: upper waterwall part, 5b:
intermediate waterwall part, Sc: lower wall part, 21, 121: upper end face,
15 23: sloping surface, 51: waterwall tube, 53: fin (flat plate), 55, 155:

refractory lining, A: virtually vertical plane
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a substantially vertical upper waterwal|l section in the upper part of
the reaction chanber, a plurality of waterwall tubes being conbi ned
with fins or flat plates to formthe waterwall; 10a refractory |ined
| ower wall section in the |ower part of the reaction chanber; and

an internedi ate waterwal | section between the upper waterwall section
and the refractory lined |ower wall section, wherein a waterwall in
the internediate waterwall section is bent 15downwards as well as
outwards at an angle to the vertical plane; and an upper end face of
the refractory lining is a horizontal surface,

the refractory Ikggﬂgﬂgﬂﬂing a sloping surface that is formed so as
to be positioned nsi de of the upper end face, and to cone

Upper end fage and oot dldifba b fidtarbas Kb drhARRR %&%@;ng
posi tigned ougsi g@ﬁ@nf bf%hewea&g&g'ehaﬁ%ér £3d w&g&ougﬁ?ﬂg thO&ehbf

t he upper waterwal | section el ng positione a secon

virtual ly verdlisgierHaimalnghé ¥at@Haddig:f rom the inside with
respect to the outer circunferential surface 250f the waterwall tubes
in the lower vall sesnbstmtially vertical upper waterwall section in the upper part
of the reaction chamber, a plurality of waterwall tubes being combined
with fins or flat plates to form the waterwall;
10 a refractory lined lower wall section in the lower part of the
reaction chamber; and
an intermediate waterwall section between the upper waterwall
section and the refractory lined lower wall section,
wherein a waterwall in the intermediate waterwall section is bent
15 downwards as well as outwards at an angle to the vertical plane; and
an upper end face of the refractory lining is a horizontal surface,
the refractory lining having a sloping surface that is formed so as
to be positioned on the inside of the upper end face, and to come down
inwardly, and
20 a ridge line forming a boundary between the upper end face and
the sloping surface of the refractory lining being positioned outside a
first virtually vertical plane along the fins in the upper waterwall section,
and being positioned outside a second virtually vertical plane being in
contact from the inside with respect to the outer circumferential surface

25 of the waterwall tubes in the lower wall section.
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