-8:AUG 2005, SPECI FI CATI ON TECHNI CAL FI ELD This invention relates to a
burner apparatus including a plurality of conbustion channels in which
fuel is supplied to oxygen-containing gas 10 comuni cated therein and_the
resultant fuel-air mxture is supplied to a conbusting sectiforiti® B80"
conmbusted therein. The invention relates also to a gas turbine engine
havi ng the burner apparatus. BACKGROUND ART 15 The burner apparatus '
descri bed above is used as a burner apparatus for a gas turbine engine
used in a co-generation systemor a burner apparatus used for an
adi st the F1ow amounts of the fuel SHACTFICATION T a 20 mai n combustion
gsS 0 a mai n conbusti on
channel and a pilot combustion channel, in accordance mﬁth}g
i ncrease/ decrease in the conbustion | oad for assuring good conbustion wth

mai nt ai ni ng appr opr i BERNERAFPARATUS AND GASTURBINE WG BEon channel

-—and-the-pi 1ot -conbusti-on-channel; but al so-to-adjust -the flow -anounts-of-

air (an anpl e of the "oxygen-containing gas") to be fed to the 25 main
conbusti on chaﬁﬂmhﬁhﬁi | ot conbustion channel. Conventionally, in
order to make fithtPof the flow amounts of the fuel gas to the
mai n conbusti on channel and the pilot conbustion channel, a flow anount
adj usting valve was provided in a fuel gas supply line to the main

conmbustion channel dhkisiiAventicH Flatesk toed bﬁﬁe@%ﬁgﬁilsylgk%l% %Oéﬂg% ot

conbusti on channel, respectively, so as to nak st ment
of the flow a@bgpméustion kbafmels igashich fubkismippliedrbukyjzancontagming gand t o
t he pil a conmbusti on chgn el,. independently of each other. However,

gccor di é to CREMYyIERted, thepginand,the zesiliantaiel-air mixture is supplied to a

combusting section to be combusted therein, The invention relates also to

a gas turbine engine having the burner apparatus.

BACKGROUND ART
15
~ The burner apparatus described above is used as a burner
apparatus for a gas turbine engine used in a co-generation system or a
burner apparatus used for an incinerator. With this burner apparatus, it
is necessary not only to adjpst the flow amounts of the fuel gas to be fed to a
20  main combustion channel and a pilot combustion channel, in accordance
with increase/decrease in the combustion load for assuring good combustion
with maintaining appropriate equivalent ratio for the main combustion
channel and the pilot combustion channel, but also to adjust the flow
amounts of air (an example of the “oxygen-containing gas”) to be fed to the
25 main combustion channel and the pilot combustion channel.

Conventionally, in order to make the adjustment of the flow
amounts of the fuel gas to the main combustion channel and the pilot
combustion channel, a flow-amount adjusting valve was provided in a fuel
gas supply line to the main combustion channel and in a further fuel gas

-30 supply line to the pilot combustion channel, respectively, so as to make the
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adjustment of the supply anmount of fuel gas to the main conbustion 5

channel and that to the pilot conbustion channel in accordanc%h%bg é@ﬁ'ﬁ

conbustion | oad are effected i ndependently of each other, th€

operation was .troubl esone. Further, in the case of the burner apparatus of
t he above type having a pilot conbustion channel and a nmain conbustion
channel, the 10 supply anmobunts of fuel gas respectively to the main
conmbusti on chanpel and to the pilot conbustion channel are reduced in
associ at i on widdiustgent fsthe; Bowhameuntsust tlom fued aghsr i Hhé weainoconbadtioth

conmbustion | oag, | assogi at.j on wth such decrease in the supply anount,
it is. necessa%;ﬁa%& ﬂ%@?s"e@"g‘é"lﬂﬁg%%baﬁﬁw ﬁﬂﬁﬁ"ﬁﬁ: independantiyot @Gﬁb"ﬂ@m on
channel to maintain b bl Qt ustion, . Then ..in recent years,
there has been pr opoIs{é egélgu‘lﬁl%g?&%gpgr? %sﬁh\%ﬁi%ﬁ g?ﬁc&b?ﬁeggweadjags&’r?ent of
the supply anmadjisimeht tdfetheigupgBs abfountCof Rl NeAOIOUNe! AT NRARNIstRRd to

~the-pitot -conbustion channel according to the conbustion-load or the like

and whi ci® al s6éhannevand eatite the pilot combasiion 2Ramieltineacopdinte ahnghet 0 t he

pi |l ot conbustion Chﬁnni}l%to be _increased in accordance with reduction in
the supply ambPHPUEEA aresffecied ingdepandantly of caeh aithemidhe ajasndag22) .

Thi s burner agg&ra%ﬁ%églﬁjoﬂgﬁoﬁepi | ot conbustion channel for effecting

the pilot conblUstion and a main conbustion channel for effecting 25 the

mai n conbustion and Fusth&erin fitd Bales b '151&% r phying, the
fuel to the nmin combusti onmchannel gﬁgﬁ?he p‘lﬁ‘legit) coﬁ%%sotfis%% Ac%é’ﬁ%@fp,e and
a supply passhgeingoa pileteiombgtanpaidrired 0fd &heafrlebmbubRbh Qﬂaﬁh@ﬂ‘thﬁe :

suppl y g eni ng of the pilot conbustion channel and supplying it to the
§Uppl y @eni ngu ly apaowisnof- Bieb esi reapediivelieto thehamainscambssijon chandd pi | ot

of 2 -8 AU Subed He ol SophuaSed Bhel 5ot nedyerdrin saatan whannel

there is fornBérdase in the combustion load relative to a rated combustion load. In
association with such decrease in the supply amount, it is necessary to
increase the supply amount to the pilot combustion channel to maintain

15 stable pilot combustion,

Then, in recent years, there has been proposed a burner apparatus
which allows easy adjustment of the supply amounts of the fuel gas to the
main combustion channel and to the pilot combustion channel according to
the combustion load or the like and which also allows the distribution ratio _

20 of the sﬁpply amount to the pilot combustion channel to be increased in

accordance with reduction in the supply amount (Japanese Patent
Application “Kokai” No.: 2000-002425).

This burner apparatus includes a pilot combustion channel for

effecting the pilot combustion and a main combustion channel for effecting

25 the main combustion and further includes supply opemngs for supplying

' the fuel to the main combustion channel and the pilot combustion channel,

and a supply passage for receiving a portion of the fuel supplied from the

supply opening of the pilot combustion channel and supplying it to the

supply opening of the main combustion channel. That is to say, in the pilot

30 combustion channel, between the supply opening and a receiving opening of



slkt-1ike open portion which is open to the pilot conbustion channel. And,
this open portion and the supply passage function as a fluid %o Hrol
construction for controlling novement of the fuel by neans of t%ﬁj@l@@@ﬁf
air in the pilot conmbustion channel. That is, with the burner apparatus,
by means of the fluid control - construction described above, in the pilot
conbustion channel, operation is possible with a |arge total supplying

fl ow amount of,the fuel to such %gﬁgéx ent that nost of the fuel which has

been suppl i ed PFSTHPPREPESTEEF PPER PHef ¢amabystiagnehannsl.ithere isdprmed a

i ved f BETLEcel Vi ng: i NG| | t f ed
o the suppl y “edkeafn bt elch%s bR o W8 IR RRRRE PRt o ARang.
when a | ow corthissiopen petibn epdr thd GUppy pAsPBeehlfdiRd 2 Uﬂlﬁiﬁ%&ﬁ?

conmbustion anmount relative to the above-described high conbustion 81ad
operation, w tcanstimactarofer-cdntrollingeuiotéméhtiofthedut) by nwans bf tied fleR of bir t he

~pi-l-ot--conbusti.on, chganhnel; -operation-js possible with setting the-total -
fuel supﬁy aﬂﬁgh?pﬁ{% %‘H’éh“%“ﬂb‘é’raé’é‘el-hat much of the fuel which has been
supplied to the ope ' | s not _received, through the regejvin peni ng
to the supply passaggi,? Q{)%Jslf Q@E}b%}f‘? E’H‘?{t@ﬁaﬁ@m‘c‘piﬁyﬁgﬁﬂ%ﬁﬁﬁq Hldcﬁ%fﬁ:ﬁ&
whereas a snmalcongtfitiin ﬂésé%dféb%'ve,ﬁisﬁx%m%q cioﬁiemié%ntéh%nﬂ%%g&{at%d@% to be

recei ved through the receiving opening I supply pass$
eventual |y fegossiblehwithaadargerotal sapplohanflel. ambane e the Wiasihtd SecHunner

appar at us havigtg t he above-described fluid control construction, in the |ow
conbust i on | o&8%EE i st jof thpdfuehhich hefs been snipplibd faemethet bupplyh t he

slit-li ope rti.on,to be 5 recei,ved i.ntp_the supply.passage to
dvent uaﬁ%y reggﬁx%f‘ﬁéo EBP Hp%ﬁﬁﬁ’%‘i"f By bedrreived fropy theskaseiving epenipg it r
m xture suppl ggd g t | C PR St | 4o _the combustin
section becones tsoggﬁ]iﬁr?,%sg%t E(iit evzf%a?@ '([ﬁ %@Sﬁp})}% 6 toﬂ}xlei o
f I ame- st abi | i ombustiorbehbhos. | On HecotRs hamPSWhBh 16w @RBELLA Ba
excessively thin fuel-air mxture, thus 30 |eading to exhaust of unburned
conponent suchPeraticn is3o be effected with reduced combustion amount relative to the

st abl e

above-de_scribed high combustion load operation, with the above-described
15 fluid control construction, in the pilot combustion channel, operation is
possible with setting the total ﬁld _supply amount to such a degree that
much of the fuel which has been supplied to the open portion is not received
through the receiving opening to the supply passage, but supplied into the
pilot combustion channel, whereas a small amount of the fuel passes
720 " ‘through the open portion to be received through the receiving opening into

the supply passage and eventually fed to the main combustion channel.
However, with the burner apparatus having the above-described
fluid control construction, in the low combustion load condition, if the
amount of fuel which passes through the slit-like open portion to be
25 received into the supply paséage to eventually reach the main combustion
channel is too small, the fuel-air mixture supplied from the main
combustion éhannel to the combusting section becomes too thin, so that
even if the pilot combustion is a stable flame-stabilizing combustion, it
becomes impossible to ignite this excessively thin fuel-air mixture, thus

30 leading to exhaust of unburned component such as CO.



'- 8 AUG 2005 Incidentally, the equivalent ratio represents an anount

i ndi cative of concentration aspect of the fuel-air m xt urelmo$ f:\:% ?fg‘t;:g and
the conbustion air and this is defined herein as follows. At“rati o
= (fuel concentrationlair concentration)/(fuel concentrati on/ air
concentration) st Each concentration is represented in the nole val ue, and
(fuel concentration/air concentration) at is a theoretical fuel-air ratio.
This theoretical L}ue air ratio is the concentration ratio hetween an

anount of fuel eP%‘iée&*ée‘d %fvat?ahpqaa?ef%%?ah & SMotRbdNditRivRL Obf
fuel. D Sa%trgﬁ} {!ﬁek@ﬁwu%}%&lﬁé%%@em& a\h'det of t he above-descri bed

state of the art, ner apparatu aving a uid control

constructi oaomgast@q@'ﬁgr@ tRiRROgifBA helin AdRIlowE.€sent invention can provide a
techni que which allows restriction of em ssion of unburned conponent even
when a | ow corbuisalenin Irated epefati oronsentafievaied. cohcentrafionjfted an aspect of

~the present- invention, there is Provi-ded---a burner - apparatus including a-

plurality oPo%Qﬁ'?B'ﬂgqq/@hCQﬂ?ﬁﬂ'i‘@Pﬁ ?tn which fuel is supplied to
oxygen-contai ni ng her nd the ts‘éjﬂli Eh fuel -air
mxture is suppl |%%§Tg°% % r%@ %reﬁ % |“6ﬁ' rBOIBé{a @ée t her ei n;
wherein sai Cboﬁéé‘fhratléﬁlm?%hdéhﬂaﬁd?ﬂ@f‘i%'a thBGHLHER Ruchla® WARL YiTRE por tion for
supplying the fuel; a supplying "passage is provided between the respective
conbusti on dlhmmelmjatfuet aeraﬂnp@thﬁlmgcermssmwlobmhﬂ@mmmqweﬂ for receiving
a portion of the fuel supplied through the supplyi n%@portion to the one
f uel conbust'il%lﬁ”él%[mﬁ’éﬁe% compigt tign wfthehprowd of el suppl yi ng portion
of the next-stage conmbustion channel only when the flow anmount of the fuel
fromthe suppl yi ng porti on is above a predetermined critical flow amount;
and conbusty, ﬂ f I's provided for adjusting combustion
| oad through ahj ust nent a total supply anount of the fuel so that the
fl ow anount of the fuel from the supplying portion nay be contained within
a range enconpa id redeterm ned critical flow apount. 4
g P ﬁ'ﬁere?ore ain we\nP f the above-described state of the art, in the

burner apparatus having a fluid control construction, an example embodiment of the

present invention can provide a technique which allows restriction of emission of

unburned component even when a low-combustion load operation is effected.

According to an aspect of the present invention, there is provided a burner
apparatus including a plurality of combustion channels in which fuel is supplied to
‘oxygen-containing gas communicated therein and the resultant fuel-air mixture is
-supplied to a combusting section to be combusted therein; wherein said each
combustion channel includes a supplying portion for supplying the fuel;, a supplying
passage is provided between the respective combustion channels, the supplying
passage being configured for receiving a portion of the fuel supplied through the
supplying portion to the one fuel combustion channel and then supplying this io the
supplying portion of the next-stage combustion channel only when the flow amount of
the fuel from the supplying portion is above a predetermined critical flow amount; and
combustion load adjusting means is provided for adjusting combustion load through
adjustment of a total supply amount of the fuel so that the flow amount of the fuel from
the supplying portion may be contained within a range encompassing said

predetermined critical flow amount.



- 8 AUG 2005 I n the exanpl e enbodi nent, the burner apparatus includes a
plurality of conbustion channels conprising the pilot conbugt] ‘@ﬁﬁﬁﬁel,
the main conbustion channel, and so on. And, in this burner apparatus of
t he exanpl e enbodi nent, in each of the plurality of conbustion channels
conprising the pilot conbustion channel, the main conbustion channel, and
so on, there is provided a supplying portion for supplying the fuel. And,
bet ween the respective conbustion channels, there is provided a supplying
passage capabl e of r bcievixagple @obddimeninf the herdarelppsmapys iireduidelsraopigalityhe
supplying portion to the one fuel conbustion channel conprising e.g._ the
pil ot conbust®forCrebusiARI cheRBels neamrIisHIgl (hen Pilethicampistionechanssl. yinAg™aty t i on

of the next- s L,0n anpnel conprising e.g. the main conbustion
(AT

channel . Therefore, 8n‘errbo_di ment, in the former-stage
combustion channel, ABgLWRRE bUMEr SYRRANS BEHRUXEMPR dRsbdiient” FCRicK idf the

~-portion for receiving the fuel-fromthe supplying passage, ‘there i's formed
an open porti @luraiieof dombubtich chaonble cbimprising henglot csmisustiars shamel, Whd Mmatnhe
entire passage or a portion thereof being covered with a porous plate or
the |ike and semegstigarchranglyansswnon, dharpds providpd stsusplyina Reren fonspplving t he

exanpl e enbodi nent hj uppl yin ortion and.th recejvin ortion of
Che Suppl yi ng Maliek A, HeBith) e i, PnBiction SerlaS, br b POUHPER | ng

t he above- desgf, f [ j (WTo RN N j b Ll 2 e
low of the o PPk Passss) Gane AR s RoRthT AR el Subafl el @il S
former-stage sapsiyingQottionnto ¥tdhd Risk chimbustionottiandb! esmpising igdrthe tpiier e can
be realized a burner apparatus which allows the adjustnment of the

di stribution cambustioh chieand!asid then sheplyingitiis do susupplying pertiore of hednaxte

pi | ot conbusti on channel bcglsed on the confustion II_ngad_or the like to be

ef fected easi FIP95FGMRHPION GHRERE SPMBHEINY RS aingomplgliod LePNeYut i on rati o

O ot oaP oot TP A FBaAEh, BARR dhck Beoctbhbboten, ..
the main conighsiriedbetaniae supgling Borfblan@ e receiving portion for receiving the
fuel from the supplying passage, there is formed an open portion open to this
combustion channel or a passage, with the entire passage or a portion thereof
being covered with a porous plate or the like and being partially open to the
combustion channel.

And, in the example emboediment, this supplying portion and the
receiving portion of the supplying passage provide a fiuid control construction for
effecting the above-described fuel distributing ratio adjustment by utilizing the flow
of the air (an example of "oxygen-containing gas") running at the former-stage
open portion. With this fluid control construction, there can be realized a burner
apparatus which allows the adjustment of the distribution ratio of the fuel to the
main combustion channel and the pilot combustion channel based on the
combustion load or the like to be effected easily and which also allows increase in
the distribution ratio of the supply amount to the combustion channel such as the
pilot combustion channel relative to the next-stage combustion channel such as the

main combustion channel, in



association with reduction in the total supply amunt of the fuel. Further,
in the exanpl e enbodinment, with the fluid control construcfion of the

bur ner apparatus having the characterizing construction, ~tfeldKapdss
positional relationship of the supplying portion and the receiving portion
of the supplying passage and the fl ow speed of the air therebetween are
set, so that when the flow nount of the fuel supplied fromthe supplying
portion to theassoibiosito reductiorielthdial sgppih ambedtesf Wefgepor ti on of the
suppl yi ng passage is below the predetermned critical flow amount, all the

supplied fuel will bé&uther inetheasmannly embadiment, withglie diid; eandrot eerstractionn
channel, then bejng, unable to, reach t S | yin assage and, an the
other hand, ¢ 1 N opYRah aRparAuisy e Ak elclerRbor B RE o Hertmn  ne
suppl yi ng por t ] erifiic W
portion of thgogﬁgﬁﬁg%q?bstg &Pfkﬁdgﬁ@ﬁ%?gggﬁiﬁ%ﬁ% hﬁgkgﬁfggl yl ng nggage
~-t o be fed -everupplihy paesddeeane tie BERGLeCOBDUR hiptharbiBdtween atdcbyienttaal v,
the "predeterm ned critical flow amobunt” is intended to refer to such flow
amount that evdenwiienflowimownti efi thel fuel suppiisduiiemothef sigphing pediopl fcethet o t he

combusti on channel having the fluid control construction which is
const ruct ed a§°@?’5.5’“°ﬂ‘h°é‘a§??'6‘?"'88#%@9?‘&5‘9?9 (PREWH@I? the siipply(Rg) PagP39s s Pelgive

: i . ¢ . _ _ vt .
excoedi ng t he T ERARHAR AAPASL atHoliy, BFina BYBIATEAM 68 Bled didiby |
adj ust ment of thgir GlOWBAShis @Bmba&dn dHakAsIOhed kgl krRble ©f rebﬂetﬁeoéﬁfiyﬂgpm y

anount of the fuel so that the flow anpbunt of the fuel supplied fromthe
suppl yi ng por tpassageoandeorc b athier drandhtmahenlyhaliemdhe flew ammowitvefnipepioelt i on
of the supplyﬁBassage, t he conbustion | oad adjusting neans for effecting

the conbusti ofUPREE KefuitensHePIYIAg RSP dxaadtefite sredetrsmingdarriticap floy
amount of the a‘rt&ﬁh}, %%r@gr{ ?tbg%}%@le%"}’u&oﬁﬁ’ %gtr'ﬁ((:)eri]veléjﬁﬁ oftﬁ %@?i&)l‘g@@ipb sqgﬁe

suppl ying the onbustT on channel s

pi | ot conmbust ik®Be fedEleniiBlly fohfie heXY.sEJERsEMIREOA &Rfhngper ation, since
excessively thin fuel-air mxture is not fornmed in the next-stage

conbusti on channel slncidestslly, e paedetaratidedsdritionl flowtsamoumt”,is odereledt | on of - 8

AUG 2005 to refer to such flow amount that even when this critical flow amount of fuel is
supplied to the combustion channel having the fluid control construction which is
constructed as e.g. the pilot combustion channel, the fuel-air mixture formed in this
combustion channel will not have an equivalent ratio exceeding the upper

flammable limit.

: : And, in the example embodiment, by adjustment of the combustion load
through adjustment of the total supply amount of the fuel so that the flow amount of

the fuel supplied from the supplying portion to the combustion channel having the

receiving portion of the supply passage, the combustion load adjusting means for
- effecting the combustion load adjustment through adjustment of the total supply
‘amount of the fuel can effect the low combustion load operation by supplying the
fuel only to some combustion channels for effecting the pilot combustion. And, in
the low combustion load operation, since excessively thin fuel-air mixture is not
formed in the next-stage combustion channel such as the main combustion

channel, generation of



unburned conponent may be restricted. On the other hand, in the exanple
enbodi nent, with the conbustion |oad adjusting neans of this

characterizing construction, by setting the total supply [aa]g)@p\t ﬁb t he
fuel such that the flow anmount of the fuel supplied froni 3 5

portion to the conmbustion channel having the receiving portion of the
supply passage exceeds the predetermned critical flow anmount, the fuel is
supplied also to the next-stage conbustion channel, whereby the high
conbusti on | oathbopedabimponemtanaybee ekfristkled wi th both the main conbustion
and the pilot conmbustion. Further, in this high conbustion |oad operation,

the greater the f I owPAHBEMthest hande i tha exarepie anpRodien Withdhe erbEHIoNy t he

o oater the' r SR EiBRie BEAARr (5 Fletadiditeni R dop o st P BESRRE" nc e
result, the dbﬁlbnmmﬂnénmerﬁtch%&fthéMémsbntto@tﬂefﬁm%bneﬁmﬁtmwdg

~ehanne| such as ‘the mai n-conbustion channel can be I ncreased i1 n associ ation
W th i ncreasportion tthethe otamhbustipp| ghaame uvdvingf tHeh seckivitly. pGidion eof stk ysupblye
distribution ratio of the fuel to the next-stage conbustion channel can be
decreased i n B3%5ge¢ &?‘FQﬁﬁ’SVW@ mre%wwgie:rmﬁaitfw gupitytharfuelrs S@n’pllﬁﬁélspuel .

her ef '
amount of |t e EME0 TR o RPaghar| PEERNAR Figh CRPLaGd Tred Shseaton
combustion | é!%ﬂbe bl itk b&Htthé’H]a ﬁdn@bu@fuoﬁ Qrﬁ:l Fhlé%'nlott&n%d“u%né}ﬁ’%rtﬁ e

conbusti on channel can be I ncrease As a res in the h ustion

| oad operati othjs Mgk obesteoHs toheratioh,ate gréatérethatioweaolrf uf tf&eh&nepfrbmt
conbustion may be stable. Whereas, in the high conbustion |oad operation,
when t he conbihetsupplyingagrtion tpéln%wti)mbwsyloh icgnnel havihg the r@aemn@eoélgppf ihed

evenly to all the res ect St i channel s, so that
orbust | on opBIER BESREen InererRatee Bt B SRR TiehloLbe HeNeg Bl BESBPY,

Thus, with thba%sgg% d?s%ﬁ%é&t't SRS %f.oosnamwfadgi tégrfé"ne%& %‘ & HRBRLdoHCL on

in the exanple e : ere can ereal ner a aratuswh
can effecti vedannersich la@tth@maﬁﬁtdhﬁbmommhaﬁsbn%ma@a%csm@tsséd’@uohImnm Of

| ow conbustion 7 - 8 AUG 2005 | oad operation and which al so can achi eve

hi gh ef fi ci eniogrease Welhe takl suppiN@xount of the fuel. Conversely, the distribution ratio of
the fuel to the next-stage combustion channel can be decreased in association with
decrease in the supply amount of the fuel.

Therefore, in the example embodiment, in response to increase in the
flow amount of the fuel, in other words, in response to increase in the combustion
load, the distribution ratio of the fuel fo the next-stage combustion channel can be

increased. As a result, in the high combustion load operation, when the combustion
load is relatively low, the pilot combustion may be stable. Whereas, in the high
combustion load operation, when the combustion load is relatively high, the fuel can
be supplied evenly to all the respective combustion channels, so that low NOx
combustion operation with thin pre-fuel-air mixture is made possible.

Thus, with this characterizing construction, with such simple construction

in the example embodiment, there can be realized a burner apparatus which can

effectively restrict emission of unburned components at the time of low combustion



em ssion over a wi de conbustion |oad range. Incidentally, the burner
apparatus in the exanple enbodi nent may include nore thanﬁ/h}&? onbustl on
channel s and t he above-descri bed supply passage nay be provi e@é

t he respective conbustion channels, thereby formng a plurality of the
fluid control constructions. Further, in the exanple enbodinent, in
addition to the description above, between a supply opening acting as said
suppl yi ng por tloarh operdtian imed evhichn glso aenchipve diigh efficiencpgst el s1¢dw 00X he
supply passage, there is formed an open portion open to the conbustion
channel , and ae@'ﬁii‘@ﬂ‘91’91’9’3‘HF?@@WPBﬁ'Qﬂf'OQWémﬂ%}eI from the supplying portion

to the open portion AVer Ses, af ow dir ctlon of t cont ai ni ng
gas at the open port n(%jen%ﬂé he Qurmep aphara 8§MP@X8WB%£@é%§me'?W‘&I Yhe bur ner

apparatus in {ffideGRERYSAH PRt tion &RInfleRUWPR e APGRL &&c%ﬁ@?ﬁer and

recei ving opening are di sposed and open in opposition to e

—gpaced--apart- pbyssagpmnetlchceprovided betiesh mu:@spébtitvéeoﬁhbustﬁinl dh@mhélﬁ\tlfaérélbylg this

combustion channel . And, between these, the open portion which is provided
as e.g. a sli farminge @'Hfﬁ"l@fﬂféﬁﬂ@@COTﬂ[ﬂfﬂmrucb% fuel is suppli ed al ong.

t he di ti t th | di ct f th t th t
(he divection traver it e bl il eet ool fe Bifost | 1e ghehygorti o
t t,

ot 0% ) BRI oA, BT

flow of the abperitg fdreregomipgsthi GoelCrathB&lup Fyr@éé%b?é et isSfoRrhéd "ahld)’g:%nOF’en
portion. And, if e.g. the flow anount of t is fuel is below the critical

fl ow anount, gaeition leper tetherrribvgtidn channelntind arseipplyipg directidroof the Flel frem
carried away B% the air flowto be supplied to the downstream side of this
conbust i on chERrAPPIYNgsRAsten I'S’fthﬁé’ﬁeﬂlpﬁﬁ'of‘H'@V?@@&a\/ﬂ%dﬁfé‘ﬁi‘ G the®XYeeRs ot her

hand, if thec&{tgmggrqéﬁ%th@‘?&en%ohh% having flown into the open 8 - 8 AUG

2005 portion excee ow armount, a portion of this fuel
having flown into thehatofemtheixah e%ﬂ)ddlrhéntsﬂﬂﬁé b8fhet Appdtatud OWRRd  eam si de

of this conbustion channel,
combustion channe! said supply opening and said receiving opening are disposed
and open in opposition to each other and spaced apart by a predetermined
distance in the direction traversing this combustion channel. And, between these,
the open portion which is provided as e.g. a slit-like gap is formed. Further, the fuel
is supplied, along the direction traversing the flow direction of the air at the open
portion toward the receiving opening, through the supply opening into the open

... portion exposed to the combustion channel.

And, in the example embodiment, the fuel which has flown into the
open portion will be affected by the flow of the air at the combustion channel
traversing this slit-like open portion. And, if e.g. the flow amount of this fuel is below
the critical flow amount, all the fuel having flown into the open portion will be
carried away by the air flow to be supplied to the downstream side of this

combustion channel, instead of reaching the receiving opening. On the other hand,

if the flow amount of the fuel having flown into the open



wher eas anot her portion of the fuel will reach the receiving opening to be
. subsequently supplied via the supply passage to the next-stage conbustion
channel . Further, in the exanple enbodi nent, since the opg@ gng?gDﬂﬁs
provided in the formof a slit extending along the flow di'r of air,
the air can be passed to the open portion in a stable manner, so that this
air can stably affect the fuel passing this open portion. As a result, the
distribution of the fuel to the respective conbustion channel may be

effected stably, Therefore, in the burner apparatus having the fluid
control constROEHON Brepds therraitiesl dry ameunbodipARtian of s &uel daving fipwn ynte fiee  uel

h i i h | s includi h il b i
channel | ang. Rt pef RN yesfod R fieSpoaai fad F 4B} Binp iRy cange
adj ust nent  URjHEAedsY aABREF §bridie bPtAe f‘iﬁ?ﬂnﬁlb%}géﬂ?ﬁ%‘if%\é&virq%eééériiﬁd it?”bé’f

em ssion of unburned conponent at the tine o ow conbust1 on oad
~-gperati-on as subsdquastly reeppliegh vief thecistipply  pasbabowoNte amxesthgs @vesustiowi de
conbustion | oad range, the nain conbustion and the pilot conbustion at the
time of the She¥eiconbustion | oad operation can proceed stably. Further, in
t he exanpl e enbodi ne for the burner apparatus , the supply direction of
the fuel fromthe su%tﬂm} ng! tb%?f?'ﬁﬂelemqoﬁg". SN3PE PBRN P%"Egn }écﬁr?‘éfg?. on
towar d the URSinbaai 8 418t @kichliRg bl 1k fi6 birddlioRof biRano XY 98RpE BALANLNT das
of the conmbustion channel. Nanely, i"'n the burner apparatus in e exanpl e

enbodi ment  hhe Gygent fuetiorsiv RRdtatle ehapaed 56 thak s bifGar Si@Bly\dffact th@flel passig t he
supply passage constructed as the fluid. control construction, wherein the
suppl y di r ecthi®apert pertien.f dela resdinthehdistribulinm ofitheyfusbiotthe respectiviee  open
portion is set as a direction inclined toward 9 the upstream side of the

direction of ¥R ”%Hor“ CPPBQ?[FEY% -c{eg saRly- i rection normal to the flow
direction of the airshL oW 00, & LS a%@g%t&}oﬁé\hrﬂd;me'ﬂUidocroﬂﬁ@. Jo%ttrﬁéﬁgnfir%’el
i nto the open portion 1o be

having flown from the supplying portroni
recei ved by tHreexdrAieievibddingst! whith @hn tS0Bply URS el R SR B pedthe ddniisasrpunt

of the fuel flowing from the supplying portion needs to be such a flow
amount that tchanrfeleincludingpghs pilethmmbustion channel and the main combustion channel
with the distribution ratio adjustment uniquely applied thereto, thereby to achieve
restriction of emission of unburned component at the time of the low combustion
load operation as well as the high efficiency and low NOx emission over a wide
combustion load range, the main combustion and the pilot combustion at the time of
the high combustion load operation can proceed stably.
Further, in the example embodiment, for the burner apparatus , the
supply direction of the fuel from the supplying portion to the open portion is a
direction toward the upstream side of the flow direction of the oxygen-containing gas
~ of the combustion channel.
Namely, in the burner apparatus in the example embodiment having the
supplying portion and the receiving portion of the supply passage constructed as

the fluid control construction, wherein the supply direction of the fuel from the

supplying portion to the open portion is set as a direction inclined toward



open portion against the flow direction of the air. Then, t he exanpl e
enbodi ment, the predetermned critical flow anount mhlch“r§ wt}ﬁé§hold
val ue for the high conbustion | oad operation for the flow anmount of the
fuel supplied fromthe supplying portion to the open portion in the | ow
conmbustion | oad operation can be set to be relatively high. And, at the
time of the | ow conbustion | oad operation, introduction of the fuel
supplied to the conbustion channel toward the receiving opening can be
effectively prevented, thereby to effectively restrict generation of

unbur ned conpdeHPEredEsige of m@ dl@emﬂ 9f the alirfig relativeie thefdireglion permahdo

chan ther in.the bu tus in

b nb
The. oxanpl e ceiiRaneciondt Al o ot s Brantuonin sieDEs BRRRLEnSSY L1
feature, sai dﬂ%bllﬁpl’rd/dl“lﬁepé?fblyﬁlg Wgérg@ﬁ intb M8 L oA p émen'txotgﬁié%dcwéses a

supply opening which is open’t upstream si de

~di-recti-on-of - tréxeeivingy gerion @nttad suppy magé ‘thBgloaoahowitiod the flshfo@ing flomt he -
exanpl e enbodi nent, the supplying portion for supplying the fuel received
in the supply ﬂpﬁ@%@@éﬂ@ goitine neess IOsb%@@cim@rf’@msam@wtdh@trihelfuelmnmasgél@,e an

I whi ' t.h st de of the fl
i Tecti on of | DREBpron 3eRREN s P dtrﬁgloﬁ.o?ﬁaéﬁﬁmni'r ml to the flow

direction of the ai rThPI' Hﬂﬁe %%%Ra“ owk}f \ﬂ'écjétérml fd tcﬂgc q%lw from

this supply opening w ow agal nst tion o air.

Therefore, in dheunt@hichss ﬂ@ethl@emuwu@mor tﬁamyneaomﬂubmarﬂugdj opadtibhrreig Wil |
col |l i de agai nst each other to be m xed and stirred naturally, so that 10 8

AU G 2005 t he floweamemwyt dﬁéwediusbmasﬁeﬂ &bmrtgetshaplnihg eottioorio dfe opan porbes in
section of the ci}:‘nnel In this e exanpl e enbaodi nent, it is not

necessary to pre %@@U%M@ﬂ Oafsr%a'bﬁwb%a%tﬁpﬁssrefawfehah*gmrrd at BRdims i n
order to achi eo\fethg% Ot{qrrl_llﬁb?.lgf?ﬂ ¥oa(af opérgf?or]c qﬁﬂrodutc);ﬁgﬁ %fqhe 1'fu ? sglggl au{o tﬁaer ea of

the supply opening o pass ageously
Hence, there vuolrﬂbu@ﬁ&v&hmemc%lrd 'tt‘f@%ceﬂﬁ'r@s&b@rﬁhd ess bbrbﬁebh%lwﬁtrgvéﬁteaf the
e

supply of fuel in the supply passage and the m xi ng degree of
thereby to effectively restrict generation of unburned components due to the
supply of small amount of fuel to the subsequent-stage combustion channel.

Further, in the burner apparatus in the example embodiment, in
addition to the above-described characterizing feature, said supplying portion of at
least one supply passage comprises a supply opening which is open toward the
upstream side of the flow direction of the oxygen-containing gas of the combustion
channel.

In the example embodiment, the supplying portion for supplying the
fuel received in the supply passage to the next-stage combustion channel
comprises an supply opening which is open toward the upstream side of the flow
direction of the air, relative to the direction normal to the flow direction of the air in
this combustion channel. With this, the fuel from this supply opening will flow
against the flow direction of the air. Therefore, in the nexi-stage combustion

channel, the fuel and the air will collide against each other to be mixed and stirred

naturally, so that

10



fuel-air mxture in the next-stage conbustion channel may be increased by
utilizing the collision between air and fuel. And, in conbination with the
bur ner apparatus having the fluid control construction co ﬂ&ﬁgggﬁgﬂe
supplying portion, the receiving portion of the supply passag “5bn on,
in the supply passage, an appropriate pressure may be applied in the
direction fromthe supply opening to the receiving portion by neans of the
flow of the air opposing to the supply opening. Wth such pressure applied

fromthe supplg opening to the receiving side, in the | ow conbustion | oad
operation, thef &feia@werﬁ%&eéﬁ'qngéa? dregipn Shingrrossyaeetion ofshe RBaANGF-eshol d

val ue for the high cmﬁﬁ.s' I ratl , r.t flo nt of .the
fuel supplied fromthe su%p‘:h)’!f"gpﬂgtR%%?(?rgglﬁaéﬁgﬁ'E&ﬁoFﬁ%ﬁgts?%%gg%g#_%ﬁﬂ'% d
channel to thenuaGe ¥ ABPRVpEHIAGs" dTBYsrRA difhetePin Bifer Bl RhicVe W¥irdthBtupphjedice,
at the time of the | ow conbustion | oad operation, introduction of the fuel

~-guppli-ed-to-théhd ueminstestdathe apentbresanca nf tHeasupply dpeniag cf thesupphepasdsage may - -
openi ng can be effectively prevented, thereby to effectively restrict
generation of bgriarerdadmmrssersly dence: Berqwilkegayr yo signdieant pregein dossfin

fuel to the subsequent-.stage conbustipn channel. On t other hand, in the
examl o enbod! HEEOURe phEsARes o He i Re R0 CiRstad aid s bpearro Rt fene
fl ow anmount of ¢ irf - ' j 21 09
to the forner s'{éggg "é‘gd#{ﬂf‘fﬁ gnr%g%gtﬁgg}&)'\?l\?ﬁ%@gé %gﬁﬂsﬁtq%y)% %%gégcsﬁ%a%@ﬁi@?
that at |east tlee @ilisidndetwdertdieardidfakel. supplied fromthe supplying portion to
the former-stage conmbustion channel nmay be received into the supply
passage by over conm nmyd. irecqmnkiralignevidghé bewher apparatuh badog theyfluiheontioh of t he
supply passage to ltgﬂe receivi ntﬂ portion. Moreover, .since the pressure |oss
at the next - stRGEUSHIPHFYRYREIE thE SHRPIYRG PPTUOPHBS FEGNINGRATRN of  the fuel to

be supplied tg e, aSd-388n8 QBH YR ih ¥k %Lﬁgﬂ%loss gta?gaﬁﬁfg gigf-ei p}@&%ﬂe may, .

increased in associ g@?én wWrth Tncrease 1n i res

the Iow NOX  egiapplicaiin &id @iRdctichiRorhQhd BEHPIGRMing 1B URPleteRingiddRtidnUs! maams dre
further unproved. Further, in the exanple enbodinment , in addition to the
above descri ptheftow of the alr@apesirg odhe sopplp bperiveg. Mifpduch passageapdied from the an

oxygen-gas supplyin ortion
y9 g ng;Xy o%eﬁing to the receiving side, in the low combustion load operation, the

predetermined critical flow amount, which is the threshold value for the high
combustion load operation, for the flow amount of the fuel supplied from the supplying
portion of the former-stage combustion channel to the receiving portion, may be set to
~ be relatively high. Hence, at the time of the low combustion load operation, introduction
of the fuel supplied to the former-stage combustion channel toward the receiving
opening can be effectively prevented, thereby to effectively restrict generation of
unburned components due to the supply of small amount of fuel to the subsequent-
stage combustion channel.
On the other hand, in the example embodiment at the time of the high

combustion load operation, the flow amount of the fuel supplied from the supplying portion

1



where the oxygen-containing gas is supplied. In the exanple enbodi nent, a
portion of the supply passage is open to the oxygen-containn as
suppl ying portion where the oxygen-containing gas is suppITngguaygﬂﬂﬁhis,
air can be introduced into the supply passage so as to achieve an
appropriate concentration for the fuel passing in the supply passage,
whereby the fuel to be supplied to the next-stage conbustion channel may
have an appropriately concentration. Thus, the fuel-air m xture of an
appropriate equivalent ratio nay be fornmed at each conbustion channel, so
that in the &Hsfemeiptagegompysiomehanpelwilijop adivsiedin sudta masngpivrbareat e

cmbur ned. comRRiTeot e pEfP R Trorh e S Ehling ek P oo Slap<boraiuBh

openi ng of t i i : t ;
o en  cont at RarfepRiay behBesiAinid e SLAHIPLEHRE th Wiefcdfing fe'piéssure popled

~di-recti-on t-ofWamdttehsupppsdbperdng of the supphhpaddage tdithie eédedingdpoitibe. Moreover,

oxygen-cont ai ni n%ﬂ gas at the ox%/gen-cont ai ni ng gas supplying portion.
Nanel y, in tB&ceihepiesayypdesstaldhe nextagecsunpiyeopanngds small, the figw amounf of

ti ft | ' to th _cont ai ni .
Soppl ying poft TR kit SRS, BBnDBUR et g G Caa T e ERhel
0Xygen- COnt i i3 Fass3tiARbr WitdirRAlzkE MirbRElsGRA %s%c@n@qhggwpg

comuni cated wth the receirving portion of the supply passag€e an

di schar ge openiigshn effeaPdit tohéd bSifcinrsepply @N thel oSl ayest fuARGT thpkdvadupst ream
side in the flowdirection of the air, relative to the direction normal to
the flow direction ofurthes, inithe examiie embsdimeot t, meaddéiveity thegalpye diessriptibroc at ed
on the upstream side of the discharge opening of the supply passage, there
is applied adbepgift Py @ttﬁﬁé'@%a@%@getweﬂg‘éﬁnprwﬁ”cﬂ?@ SUBPlyiRg Pﬁa@ﬁsure

applied to t%efg tﬁ8% r%ﬁ‘@%ﬁﬁ“ﬂiggﬁ%ﬁﬁtso%’uijow of the air in the

oxygen-contai ning gas ( ont “Therefore, in the | ow conmbustion
|'oad operation, the |fthedeimpiienftshafhdriti £pbriibh BVNERDBNNY paddligelis berf B88he

t hreshol d val ue for the

oxygen-containing gas supplying portion where the oxygen-containing gas is supplied.
With this, air can be introduced into the supply passage so as to achieve an
appropriate concentration for the fuel passing in the supply passage, whereby the fuel
to be supplied to the next-stage combustion channel may have an appropriately
concentration. Thus, the fuel-air mixture of an appropriate equivalent ratio may be
formed at each combustion channel, so that in the combusting section, the fuel-air
mixture of the appropriate equivalent ratio may be combusted for restricting generation
of NOx and unburmed components.

Further, in the example embodiment , a discharge opening of the supply

passage for discharging the fuel to the oxygen-containing gas supplying

12



hi gh conbustion | oad operation, for the flow anount of the fuel supplied

fromthe supplying portion of the forner-stage conbustionréh el . to the
receiving portion, can be set to be relatively high. Acc®O ;ﬁ@r@m&g t he

time of the | ow conbustion | oad operation in the exanple enbodi nent,
introduction of the fuel supplied to the forner-stage conbusti on channel
to the receiving portion of the supply passage can be appropriately
checked, so t hatrtiayeinepert inahe dfrectivoudowarnd the apgitaaenside thutbe tflowtdirectsampggitiye of
smal | amount of fuel to the next-stage conbustion channel may be
effectively a%BWE@Hcmﬁﬁ”WE@aéﬁéWﬁHEW@ﬁ%SQ#WﬁWSgasﬁwﬁﬁﬂﬁgp?ﬁpﬁlne engi ne

i ncl udes the burner as. describe ve and, a t L ne of 1t

engi ne s rotataly dr ORIy GrbAEf 5y B = BRbISe B nR f wh'éla
exhaust ed frompoRRnU IHESupBRRHs84dtSIs oban’[o ﬁne'%%e%o&?lté\ﬁﬁﬁb)ﬁs st

above-descri bed burner apparatus in the exanple enbodi nent whi achleves
+|-ow -NOX ~gener abition wietk thi glygdrf-containioy gasﬂsrs@pfm(i;lehe ow@waiohmm[mg)gai; range
can be used by itself as a burner apparatus for an incinerator for

exanpl e. HoweVérplying pertian pstudes e disgharas eraning spmirieticatedwiti theueerlying
apparatus for

over a wide 88@ BIfog'urIBb'P 5883%&?98@%'?Id?%ﬁ%rgtﬁt%raggﬂfqiﬁ’e?‘%\ﬂqﬁ@%acpgﬁ&f{ ?E)ﬁ and

high efficiepghnedboivefg Description of the Drawings Fig. 1 is a side view
in vertical section show ng an embodi ment of a burner apparatus of the

present i nventHeupstrEamg side ih theafldw Oidctivh @Mbenih@latreid e dieetidron of the
burner apparatus shown in Fig. 1, Fig. 3 is an enlarged view of a fuel
suppl yi ng meaherms ta the ﬂDWrdiT@rJﬁOm@rim airusViththian ta the Feepivirdg pdtion 4 is a
0 oo PGS B85 BB S0 e USoh e g BB e ™
enl arged vi eWth%t’e R aprf?éd §Ql%wt Yés%gaﬁ@as@%mgt thd f@éf 58% due to the pressure
applied to the discharge opening by the flow of the air in the
oxygen-containing gas supplying portion.
Therefore, in the low combustion load operation, the
predetermined critical flow amount, which is the threshold value for the
high combustion load operation, for the flow amount of the fuel supplied
from the supplying portion of the former-stage combustion channel to the
receiving portion, can be set to be relatively high. Accordingly, at the time
.of the low combustion load operation in the example embodiment, introduction of
the fuel supplied to the former-stage combustion channel to the receiving portion of
the supply passage can be appropriately checked, so that generation of unburned
components due to the supply of small amount of fuel to the next-stage
combustion channel may be effectively avoided.
In the example embodiment |, the gas turbine engine includes the

burner apparatus as described above and a turbine of the engine is rotatably drive

by kinetic energy of combustion exhaust gas exhausted from the burner apparatus.
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apparatus according to a further enbodinent, Fig. 6 is an enlarged view of
a fuel supplying means of a burner apparatus according tosa further

enbodi ment, Fig. 7 is a view showi ng a channel |ayout of “’a8 bé\rlﬁ.er ar at us
according - to a further enbodinent, and Fig. 8 is a view showing a
schematic construction of the fuel supplying neans of the burner apparatus
shown in Fig. 7. Best Mdde of Enbodying the Invention 14 8 AUG 2005

Enbodi ments of a burner apparatus relating to the present invention wll

be descri bed next. bur per ,apparatus sho in Fig. 1 |s for _use in gas
turbine engine in pYPTFRul ke %’? e'&ﬁﬁ%ﬂ"&%?”fr}%l gﬂ@ag’sgd% NG LXBMPE | ni ng

a fuel 5 chanpgloadfert Whic.rhegﬁi.iéﬂgjg%\xf YRhx g%rﬁio%iéhogﬁiﬁmlﬁ%ie%fc&"ofvgreg é)ec;}eMi ch

is city gas via a flow anmount adjusting valve I nner tube 2 I ni ng

a second chanrogbudtbnapad RingetcFOBEUSIEdOBy GlaaNNR asSuiimer Rgpaatdsheraas tube
1, an outer tube 3 defining a first channel Al as a main conbustion

~-channel - sur r-duirraigr fonexampler Howbeer2 thimapperatus ipparicuierynesefs dsca bemepl yi ng
air A 10 (an exar‘rlpl e of "oxygﬁ)g{ containing gas") .to the first channel Al
and the secof@PRIHTAEl 242 RN eRgies U HEi HENfeaning 6an gperdtmpYsiichg t he

22" 1 oper atth PEREopelc[belorehgE hie imHARMD. 18R elSesBR BT s o

the main contygeidnep channel and the pil ot conbustion channel to be m xed
in the 15 channels to provide a fuel-air mxture, which is conbusted in a
conbustion chanber 15 (an exanple of "conbusting section"). The gas tube

1, the inner b and.the_guter tube 3 are disposed coaxially, as shown
in Fig. 2 Thaﬁleg,n%?ﬁ%g??qgfaﬁérﬁﬁvéﬁ‘gﬂ, the second channel A2 and the

fuel channel 30 are juxtaposed. 20 The air supplying neans is a neans for
forcing the air Ainto the
Fig. 1 is a side view in vertical section showing an embodiment of a

burner apparatus of the present invention,
Fig. 2 is a front view in horizontal section of the burner apparatus shown
in Fig. 1,
Fig. 3 is an enlarged view of a fuel supplying means of the burner
apparatus shown in Fig. 1,
Fig. 4 is a graphic diagram showing relationship between fuel gas supply
amounts and supply conditions of the burner apparatus shown in Fig.1,
| Fig. 5 is an enlarged view of a fuel supplying means of a burner
apparatus according to a further embodiment,
Fig. 6 is an enlarged view of a fuel supplying means of a burner
apparatus according to a further embodiment,
Fig. 7 is a view showing a channel layout of a burner apparatus according
to a further embodiment, and
| Fig. 8 is a view showing a schematic construction of the fuel supplying

means of the burner apparatus shown in Fig. 7.

Best Mode of Embodying the Invention
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first channel Al and the second channel A2 from one end thereof by neans
of an unillustrated conpressor, blower, etc. The fuel supplying neans 10 is

a nmeans for supplying the fuel gas G supplied to the fuel aAEF{TP) @5 n
distribution to the first channel Al and 25 to the second channe " That

is to say, this fuel supplying nmeans 10, as shown in Fig. 2 and Fig. 3,
supplies and distributes the fuel gas Ginside this fuel channel 30 to the
first channel Al and_tq the second channel A2. More particularly, the fuel
suppl yi ng means 10 i Bt ents Phppybugwrogpnaraguy relatieg avepltbe opresent

"suppl yi ng -port.ion | wil t he fuel gas G 15 -8 AUG 2005 of the
fuel channel &gbggh%%@gg?&g"gﬁ}?e%‘?tof t he second channel A2 which is one
conbusti on channel andbwp@pérgﬁ%s%ﬁ,g iﬁaF‘]O'ig;n. q %tff'oggf'seeﬂlda(éa@e{mer%hegd O

receiving opening 8 for recei'ving a portion the gas sup _
the open portiemgi®e impyrittvdar.t (Ehe hpyarates iriciedest 4 gak Yahe Ya%efdive a HEPP! | ed

~t-0-the open portion-9 fromthe supply opening 7 exceeds a 10--préedetermned

critical %1 owchapuek 30 for yeseiving fizel @ahd} (amexampldhel “Sugp) whighaissetyegss i S
formed as a sypplysopening 5 (an, .exanpl e f the "supplying portion"
which is open ‘ﬁ% %ﬂg f@g&%ﬂéwﬁgpgﬂrmﬁ%zghapsmﬁétﬁ &tﬁléﬁ g &6 i on
channel . FurtRehnn I openi ngs 7. and  supply
passages 6 aronanndl Az ik Wity BhmblESEh SHRRN GRERH B b aap g 0
peripheral di roatés tubec 8ndefining 2098 chiendXA® £ a G bbdbusSHa? 2ahnAb] and
the second channel A2. And, the-open portion 9 and the supply passage 6
are construct sirroyading the nerdubk B, ncairt supiplying shedret f@%upﬁﬁ&ﬁ%@ﬁlng to
this flglid coretrol 15.construction, when the flow anount of the fuel gas G

{upplie G romThEXpRle of ngRyaan-comtaining gesIuopthe Gpenthagnpl it enththeopen
gg;t IGOgugp: ?e g&%ogl‘ﬂtc{l]‘%%nepmg §he's @Fguﬁﬁlﬁﬂgcﬁleaﬂsl 2y fc?rrrsDL{Jpr%) jringltileoi{lelt (?fe fuel
a fuel channel 30 to the first channel Al and the second channel A2. In
operation, the fuel gas G and the combustion air A are supplied to the main
combustion channel and the pilot combustion channel to be mixed in the
15 channels to provide a fuel-air mixture, which is combusted in a combustion
chamber 15 (an example of “combusting section™). |
The gas tube 1, the inner tube 2 and the outer tube 3 are dispésed
coaxially, as shown in Fig. 2 That is, the first channel Al, the second
| channel A2 and the fuel channel 30 are juxtaposed.
200 The air supplying means is a means for forcing the air A into tﬁe
first channel Al and the second channel A2 from one end thereof by means
of an unillustrated compressor, blower, etc. .
The fuel supplying means 10 is a means for supplying the fuel gas
G supplied to the fuel channel 30 in distribution to the first channel Al and
25 to the second channel A2.
That is to say, this fuel supplying means 10, as shown in Fig. 2 and
- Fig. 3, supplies and distributes the fuel gas G inside this fuel channel 80 to
the first channel Al and to the second channel A2. |
More particularly, the fuel supplying means 10 includes a supply
30 opening 7 {(an example of “supplying portion”) for supplying the fuel gas G
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open portion 9 is supplied to the second channel A2. Wereas, when the

fl ow anmount of the fuel gas G supplied via the supply openi ng 7.to the open
20 portion 9 exceeds the predetermned critical flow amunt,” aA

the fuel gas G supplied to the open portion 9 .is received by the supply ,

passage 6 and then supplied via the supply opening 5 into the first
channel Al. Incidentally, the above-described predetermned critical flow

anount refers to such a fl ow anount that even when all of this critical
flow 25 anmourff te faelectranael §Q§0@m<a)em;mﬂ:iionc9 ofthiehecamd chahre ddhedhid?, t he

fuel -gas m xt ure f orne nth econd channel A2 will not have a val ue
exceedi ng a Iggﬂﬁ%‘i’% ?1 éaél 9 JUORLY Passage Bnbavipenatpenei e 9

h t | et th
RIS 23‘1‘%*‘%%4 1 bEHing W I Yeler@le & narBONSH B BRI T4 Booni ng
8 of the supplsuppasaageh@oﬁéﬁpe&aﬂl9@ngp%§htth9@towaﬁlaﬁnﬁ§f%%f n{;%%@é

~-supplky-openi-ng 7, -and t-he supply direction of the-f gas

supply dbeni ﬁgpphe@ tohéhe elpenvpaqlmp@mﬁlm&hessﬁmﬂynopéiﬁhgt'p ddegedd QW

direction of (ﬁ: air epht he@ﬁie ond channe] . I'n the open portion 9 of
the fluid contﬂrﬁ etepmin f@@%@mm Embe ttheeother lend ad the isepslyppl i ed

f h | h | -lik h
second channoP NS i Sl bl B Sunnlypaningsd (R Earumly ob gia TRPETEEle,
And, the fuel lp@?{‘,io:@) hgMicAYisk dsuM th rtttg 36 cttaﬁﬂetomt k%?(%h H?fthé h%x;;.g? nd

channel be affected by the ow of e air € SECOo

channel A2 passmibgshhm ehghnelhe Foptherparglueality- of-lﬂh@g@ﬁ.;ﬁﬁ? (%e%ih%sh'? afnlgow
anount the fl ow anobunt referred to herein is in proportion to
Vel oci t 3} si FERPIhRASEAERY Grareaproxidsd ahelghilmﬂsyammem digtibukiod istad ai s

bel ow the cri mount, al | e fuel ga Gflovvnlntothe open
portion 9 wil ﬁ) ﬁgilerarlé]g@ﬁﬁ?ﬂee?@yéﬁgﬁh?& %ﬁ?nﬁd’fége rhenng} AL apd ther ri ed
away by the fls@dﬂnﬁfchraﬂﬁ&ﬁza” A to be supplied to the downst r eam si de of

t he second channel
And, the open portion 9 and the supply passage 6 are constructed

as a so-called fluid control construction. According to this fluid control
15 construction, when the flow amount of the fuel gas G supplied from the fuel
channel 30 via the supply opening 7 into the open portion 9 is below the
predetermined critical flow amount, all of the fuel gas G supplied to the
open portion 9 is supplied to the second channel A2, Whereas, when the
flow amount of the fuel gas G supplied via the supply opening 7 to the open
r 20 portioh 9 exceeds the predetermined critical flow amount,, a portion of the
‘ fuel gas G supplied to the open portion 9 is received by the supply passage 6
and then supplied via the supply opening 5 into the first channel Al.
Incidentally, the above-described predetermined critical flow
amount refers to such a flow amotmt that even when all of this critical flow
25 amount of the fuel gas G is supplied to the second channel A2, the fuel-gas
mixture formed in the second channel A2 will not have a value exceeding a
upper flammable limit equivalent ratio.
The open portion 9 characterizing this fluid control construction is
formed between the supply opening 7 for receiving the fuel gas G and the
30 receiving opening 8 of the supply passage 6 disposed in opposition to the
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the other hand, when the flow amount of the fuel gas G flown into the open

portion 9 exceeds the critical flow anmount, a portion of thi sﬁmqggﬁ G
having flown into the open portion 9 will be suppliedtot“ﬁ@ t m
side of the second channel A2, while a further portion of the fuel gas ¢

wi Il 20 reach the receiving opening 8 and then will be supplied via the
supply opening 5 into the first channel Al . Further, the burner apparatus

i ncludes al so a conbustion |oad adjusting neans 20 for effecting
adj ust ment of gP¢Rg| 7o a8d dhe supplychirdstioniof ghe A gan Gifsomhihe gipply

adj ust nent of the. | supply. anmount ,of the 25 fuel gas G to_the suppl
chJanneI 30 by o%wgﬁot%pﬁpmn%& ﬁsﬁqtﬁﬁ’m%ltgéhQﬂPWAﬂH?Cﬁm I?JP g
effecting a | QWeGRFRIELd QeohPathaRgnat i on, this conbusticon |oad adjusting
means 20, as shown in Fig. 4, sets thé total supply amount of the fuel gas

G so that the flow almdhe opentpetioned ofahe PusdPRIntAA HLOFuLEL %1% a'fﬂgi y
~-Qpeni-ng-7:-to-the open porti-on 9 nmay -be bel ow the predeterm ned- '? 8 AU G
2005 cri t? cal ahogey 1 gasveisetnppliedi fran therdupply operdhgTetol theedlitsiiited i n
t he conbusting champer : t he ot her hand, for effecting a high.

15
conbustion | ok eﬂﬁggg??grﬁxl’??ﬁ to, eandoehannel A2dp e idingchierahewanl thet s

the total sup @]9%%& fuel gas G supplied fromthe supply opening
7 to the openQ%%erltl n %D%Iagﬁg@g'eed said predeterm ned critical flow anount,

wher eby the conbusti ARd08Se fidl ca3UQPhA t -yt 0 agned 4A2 and
the first channel Al, s’g t hat f)goth theﬁﬂn%ifﬁ)@gtﬁﬁmgseﬁoﬁ%glnggﬂtﬁogl %i &o €
conmbust i on ar eeeiidechathel A2 iwdll dembfiedted bycilrniew ofThe Wit A bhehd kM on of

t he fuel, supplyin ns 10 having the 10 above-described fluid control
onst rucd on, Cﬁﬂn’t?ﬂgﬁ W%&ﬁb&uéhthm@men ppdian 9.orTharefoes; celean W flotvhi n

generat on o “ChuEAhe Dol SrpSels hain i FLtmpcmin fathe Vplnitmine
provision of bfigeftHelapshabh ¥idto Tk HRHiRG 740 BxbE Setow the critical
flow amount, all of the fuel gas G flown into the open portion 9 will not
reach the receiving opening 8, rather, will be carried away by the flow of the
15 air A fo be supplied to the downstream side of the second channel A2. On
the other hand, when the flow amount of the fuel gas G flown into the open
- portion 9 exceeds the critical flow amount, a portion of this fuel gas G
having flown into the open portion ¢ will be supplied to the downstream
side of the second channel A2, while a further portion of the fuel gas g will
20 reach the receiving opening 8 and then will be supplied via thé supply
opening 5 into the first channel Al.

Further, the burner apparatﬁs includes also a combustion load
adjusting means 20 for effecting adjustment of combustion load at the
combusting section 15 through adjustment of the total supply amount of the

25 fuel gas G to the supply channel 30 by means of the flow-amount adjusting
valve 21.

And, for effecting a low combustion load operation, this combustion
load adjusting means 20, as shown in Fig. 4, sets the total supply amount of
the fuei gas G so that the flow amount of the fuel gas G supplied from the

30 supply opening 7 to the open portion 9 maylbe below the predetermined
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control construction, in the high conbustion | oad operation, as the flow 15
anount of the fuel gas G flow ng through the supply opening 7 into the

open portion 9 increases; in other words, as the conbustion,l gﬁ aches
the rated conbustion load, the ratio of the fuel gas G suﬁb@igg}wﬁﬁgﬁgh t he
open portion 9 to the supply opening 5, that is, to the first channel Al
side increases. As a result, in association with increase in the total
supply 20 amount .of the fuel gas G the distribution ratio of the fuel gas
G to the firstcrititshdlosy amougitdwheseby nepiteti condnrsbiont dlone darffeetddnin elas ed.

A dingly, i I ati | ' in the total ly t of

the 1 uel “gas COmFRRE, Zhahe 1, (nf Rae catber handic fororbbaib@nal oigh 1 he

di stributi | : : ' . ch | A r.elati t

econd channel A0 2aen 08 gl P olinhib! FRA hgetBe Thedth of bt
tion, whehettbeal ' ' td i | .

conbust | o ey Take. pace Stabi 5. Wheredn, o ot Phed ol the SuBbly Upening.

~-compusti-on--my: take place stably. Wereas,

oper ati orf whehta the openrrotiion Smbyp agicded said predetdrnihed britisaldsve amduie, 1 at ed

| oad, the fuel‘#gasbG hmaly e supplied evenly to the entire first channel Al
and second chahA&eEPBE M,"“\%I‘ié?%;galscﬁvlﬁl@@ﬁ tes bon thyy sedoind greeanel A8d

direction of (he fiofost e A1 Ba IREEHBRY hecibim siimpuction mockenpion ] on

5 1s inclined coiastloh Bfe bfSdE@ AN tfablodl il e T ow di rection of

the air. A at the open portion 9, It becones possible to nmake it
difficult for the fudlithytke Grovisini ef thbefuebetpplyis MEHSA0 Bavitg fHaat . by

setting the criti cal fl ow anpunt to a relatively high value, the'low

viptybi g et e il e

10 suppl yi ng 4P Fg%&opoﬁfoo?xc??ﬁévélﬁﬁ%g?e]@i?%ﬁ%wmIbﬂ {presdrinnghestisg t he

first  channelhdindint, 6 BPYShGG Y SbdiRBnb® cbABof LY by B2 eORicla ! e
Further, with the provision of the fuel supplying means 10 having the fluid |
control construction, in the high combustion load operation, as the flow

15 amount of the fuel gas G flowing through the supply opening 7 into the
open portion 9 increases; in other words, as the conibustion load approaches
the rated combustion load, the ratio of the fuel gaé G supplied through the
open portion 9 to the supply opening 5, that is, to the first channel Al side
increases. As a result, in association with increase in the total supply

20 amount of the fuel gas G, the distribution ratio of the fuel gas G to the first
channel A1 side for the main combustion can be increased. Accordingly, in
association with ipcrease in the total supply amount of the fuel gas G, in
other words, with increase in the combustion load, the distribution ratio of
the fuel to the first channel A relative to the second channel A2 can be

25 increased. And, in the high combustion load operation, when the
combustion load is relatively low, the pilot combustion i:nay take place
stably. Whereas, in the high combustion load operation, when the
combustion load is relatively high, and near the rated load, the fuel gas G
may be supplied evenly to the entire first channel Al and second channel

30 A2 whereby low NOx combustion by thin pre-mixed fuel-air mixture is
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at the center in the radial direction toward the axis of the first channel.
Therefore, in the high conmbustion | oad operation, the fueLzﬁa?ﬁ§§§§335
supplied fromthe supply opening 5 into the first channel ' ¥tion
to the flow of the air Ais caused to collide against the air A so that
the gas nmmy be distributed in the radial direction as well as in the
peripheral direction of the first channel Al . Mdreover, since the supply

opening 5 i s fwagegossible. such a posture 20 as to supply the fuel gas Gin

the direction towardFt hehupstr amside of the flowdirection of the air A
in the first channel YEFtheTe a8 sepplying, diregtion mf dientyel @ash@ fopplthe

opening 5 can : i ate anount .aof . pressure tromthe supply
opening 5 of tﬂ@%hﬁgg%%gg{s@g%lg%@eﬂﬂ%a@?%m 'R?Wﬁﬁéé}g%ﬁpﬁﬁe%r,n £6er eby
to apply an appléipfd & ehe DWW Hirddki i 0 e I entering
—t-he--receivi-ng openi-ng 8 from t-héél’hé’%g";“%%f‘%c %‘n%’gi.:ﬁe-- -eglo (](;#ﬁ)é)l @;aﬁib%‘??‘ﬁ 5l ow
conbust i on | ogussibby tt inadke it Hiffipule dat hefusleghs GrtoleinGad thefﬂe@é’i/vﬁ‘l%qgi&jﬁ’é

whi ch the operation.is switched over to the high conbustion |oa
operation, naybeoskaty by setting the erijical Sowvamaent to attelativelphigtasaldes

appropriate a t of resjistance is lied to the fuel gas G_30 flow ng
into the receir@f'g E%Wé:ﬁah%&og%?i HP?‘F?E{%M s higdncanbysiianlead epengiaqr AUG
2005 combust ighy hoawitReadyEPN, it is possible to effectively prevent the
fuel gas G having flown into'the open portion 9 fromentering the

recei vi ng openi ng 8, Futtherehwith othef bashdrv abyaPita¥ent tARNLHaReE Hpbur ned
conponents. In the first channel Al and at a portion thereof nore’
ownst r ekfn t (faAPkviRg tirsctiom ol firel gaails fivtn thdieupplyopdnines e6 the Hirsist
swirler 11 for 6&?& ing a SWrli %fqrce to the fuel -air mxture of the
air Aand the® g% 15 the pppqstg dirachionia the flomudizpetineof the aind it then
i nt er nedi at e ' r ' flow.direction, there.is djs ed a
AL eﬁﬁ?ﬁ%&%ﬂeﬁ DS 808 flind e supPly opeming B is élsposed substan%%ily
at the center in the radial direction toward the axis of the first channel.
Therefore, in the high combustion load operation, the fuel gas G
15 supplied from the supply opening 5 into the first channel Al in opposition
to the flow of the air A is caused to collide against the air A, so that the gas
may be distributed in the radial direction as well as in the peripheral
direction of the first channel Al. |
Moreover, since the supply opening 5 is formed with such a posture
20 as to supply the fuel gas G in the direction toward the upstream side of the

flow direction of the air A in the first channel Al the flow of the air A

p—

- opposing to the supply opening 5 can apply an appropriate amount of
pressure from the supply opening 5 of the supply passage 6 toward the
receiving opening 8, thereby to apply an appropriate amount of resistance

25 to the fuel gas G entering the receiving opening 8 from the open portion 9.
Accordingly, in the low combustion load operation, the predetermined
critical flow amount at which the operation is switched over to the high
combustion load operation, may be set to a relatively highlvalue. In this
way, as the appropriate amount of resistance is applied to the fuel gas G

30 _ﬂowing into the receiving opening 8 from the open porﬁon 9, in the low
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10<applying a swirling force to the fuel-air mxture of the air A and the
fuel gas G which has flown into this second channel A2. Wth these
swirlers 11, 12, the flane stabilization of the main conbusiSo]ﬂ\Lh@} Qﬂl{é‘)
flame of the pilot conbustion may be inproved. That is, as the fuel-air
m xture is ignited by an unillustrated ignition device 15 sinultaneously
with the application of the swirling force thereto by the second swirler
12, this fuel-air mxtyre_is ignited and conmbusted for pilot conbustion.
And, as the f|°3ﬁ9ém§?0{1ﬁ?%d pPgrafion pitiivpessibleite eﬁ"ﬁ@;nseﬂjeprmm the fued ghaél - ai r
h the first _.channel this  fuel-air

whi ch
mﬁ mg i sI fgrl%gt%oé #lor ctguosﬂ'hgoqeﬁlepqmoﬁ ﬁ”ﬁmjelﬁﬁe&%lg%mwm&@w&éem
the downstr eagheighyah eﬁa@méw%&e&ewegeﬁer&tﬁ?f driburREP UG, 21 ! - Stage

ring 13 for conmbining and mXing a tion xture whi ch

has flown in the firhttlehfirstalhaAheMAl hirldngt & yoltigh ther@bﬁﬁaﬂf@d&%h%&egﬁ
~ft-own-i-A-the-second channel-A2. tn-the figure, mark-S-denotes-struts which

are di sp&sed thanzhedpel supplyingnmennsd oy I’hhemem tjhhpamﬂ al firgcéviotert D1 $oxppor t

the inner tube 2.to the. out b a further enbodi nent of the
bur ner appar afHRIGPE AHFIFInG ?ek‘]ﬁﬁ\‘r’éﬂ?ﬂ\le mixturegf the ain Alsad thiedhel gdser ence

to the drawings. In the case of the burner apparatus according to the
foregoing 30 enbodi ment, the conbustion channels for receiving the fuel

gas Ginto the 20 - BuAh,2005e dbborfl AAMANS Qﬁa%wn% ﬁﬁbt?ﬂaéeg the

resultant fuel-air mixture to the combustion chanber conpris e two
conbusti on chélrereps llmfthehﬂowsén:mtm:nl‘témmlzs Aﬂsp(mddtil%eédﬂdsbwﬁﬂ@mfl@l foN -

wever, in the case of rther burner apparatus including nore than
tr o6 cHfibust PEATEHEASHGing e forfbefudrais wiEtteny the aitsA ondithe fel ges

‘éﬁﬂhr ol torati Davpliha AR GHEThE SR BT oscri bed in detal | s next.
Wlth these swirlers 11, 12, the flame stabilization of the main
combustion by the flame of the pilot combustion may be improved. That is,
as the fuel-air mixture is ignited by an unillustrated ignition device
15 simultaneously with the application of the swirling force thereto by the
second swirler 12, this fuel-air mixture is ignited and combt.tsted‘ for pilot
combustion. Aﬁd, as the flame of this pilot combustion is transferred tﬁ
the fuel-air mixture which has flown through the first channel A1, this
fuel-air mixture is ignited for causing the main combustion.
e, 20 Further, adjacent the downstream end of the inner tube 2, there is

Pl

provided an air-stage ring 13 for combining and mixing a portion of the
fuel-air mixture which has flown in the first channel Al with the fuel-air
mixture which has flown in the second channel A2.
_ In the figure, mark S denotes struts which are disposed in
25 distribution along the peripheral direction to support the inner tube 2 to the
outer tube 3.
Next, a farther embodiment of the burner apparatus of the present
invention will be described with reference to the drawings.
In the case of the burner apparatus according to the foregoing
30 embodiment, the combustion channels for receiving the fuel gas G into the
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The fuel supplying neans 10 of the burner apparatus shown in Fig. 5 is
configured to supply in distribution the fuel to the three conbustion 10
channel s of the first channel A, second channel A2 and the third_channel
A3. More particularly, in this fuel supplying neans 10, two uﬁﬁﬂ@ 79”5
passages 6a, 6b are di sposed between the third channel A3 and the second
channel A2 and between the second channel A2 and the first channel A, 15

respectively. Ang,.the ternm nal end of the supply passage 6a is fornmed as
a supply openi%gﬁlqyﬁ'é‘g reigand thep feedingdhe apsultapifuel-gir mizxsuraite the

channel A3 in A S v _opening 7b fgr .supplving.the fuel g G from
the fuel channé#ﬁ%glgh?% %oeﬁeggp%) %??SQ%BOFWOt‘F?EY}Hﬁ%P& g $ ‘%gtl%?nd a
recei ving operbaghdBbh&ind e SPthe BRgSagatR for R lFigon of
the fuel gas G supplied to the open portion égﬂén?%&ﬁh%g’nﬁ*%egﬁggvogﬁount
of the fuel gdisrthes bpphéreappdraomgndbdingunpte/thaapeited Gofibustioh tR1aARER
~-portion-9b -exceeds the predeterm ned critical flow ~amount. Simlarly, the
second cRannelon2 thac|fgesserplsing ymepasi w§ the floid soppirgl neprishendtionl gas

G fromthe fuel channel to the.open, portigon 9b 25 of the third channel
A3 and a recel W%%b@ﬂg egsqu.p%%ge ypedeaydeda Sydy alterativeitnel a

portion of th i . . aportion 9b only when the
fl ow anount o?u{)ﬁgi?%%%agagg%H%ll}%g(?‘%sglat)ﬁ}lgg%ﬂgﬁgﬁsuppl y opening 7ato
the open portion 9aT‘héQ‘&eldﬁ1ﬂﬂDﬁngrrﬁ§tﬁiseImbfm&ﬁhéfQ%mfa't@g‘éhﬁﬂ?!i'ﬂ@ig._rhe

fuel supplyi ng nmeans- 10 having the above-descri bed construction
i ncl udes a pl arigldonfigaered taisdpplynior distclomEon dhe ifoelstoetimhtlte oAlbuEtsA05

i ncl udi t he respectjye n_portjons 9a, 9b and the respective supply
passage %Ga, @%?”&ﬁ%HkﬁﬁégggdﬁﬂépetgﬂsF@@@@H@ﬁ@nébﬂﬁgunﬁﬁbﬂﬁhmdcha@@ﬂies.
And, when theégonbustion | oad adj usting nmeans 20 adjusts, by the

fl ow amount adj usting valve 21, the total supply anount of the fuel gas G

such that the flow amsenpaficdliify! UelthBARdP SHRRihE dnbih UGN taSsahRy! Y
passages 6a, 6b are disposed between the third channel A3 and the second
channel A2 and between the second channel A2 and the first channel Al,

15 respectively. And, the terminal end of the supply passage 6a is formed as
a supply opening 5 open to the first éhannel Al.. '
That ié, the third channel A3 includes a supply opening 7b for |
supplying the fuel gas G from the fuel channel 30 to the open portion 9b of
~ the third channel A3 and a receiving opening 8b of the supply passage6b for

. 20 receiving a portion of the fuel gas G supplied to the open portion 9b only
when the flow amount of the fuel gas G supplied through the supply
oj;)ening 7b to the open portion 9b exceeds the predetermined critical flow
amount.  Similarly, the second channel A2 includes a supply opening 7a
for supplying the fuel gas G from the fuel channel 30 to the open portion 9b

25 of the third channel A3 and a receiving opening 8b of the supply passage 6a
for receiving a portion of the fuel gas G supplied to the open portion 9b only
when the flow amount of the fuel gas G supplied through the supply
opening 7a to the opén portion 9a exceeds the predetermined critical flow
amount. The fuel supplying means 10 having the above-described

30 construction includes a plurality of fluid control constructions each
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opening 7b into the open portion 9b is below the predeterm ned critical
flow amount, thereby to effect a first | ow conbustion | oad operatlon al |

of the fuel gas G supplied t hrough the supply opening 7b int
portion 9b 1is supplied to the third channel A3. Al so, when the conbustion
| oad 10 adjusting neans 20 adjusts the total supply amount of the fuel gas
G so that the flow anmount of the fuel gas G supplied through the supply
he open portion 9b exceeds aﬁbedeterm ned first critical
t

' 7b
1(‘) Pg\r/]vl nglrmunt ! gﬂ‘gu ngothe, xesnestive |opRnaprItisns S andethegaeﬁperwac@upelar into
th I d § |4 ed v toth
15 open por | SRSB Eap P A BB LPheiaRi R peERR A BRAARAERES {her cby
to effect a second ARu wRERYSS bAlbhafh BRATLAIsRihg HeRAL b Alniks RAHaUC!

gas supplied into the ‘open portion 9 e receivi ng ‘openi ng 8b

to be recei vﬂdw—mmunhadﬁlsnmlgyval% Sa,gﬂnefiﬂbtﬁrtdlp@ljr atiodritefithe fudagas
~recei ved-into the su plﬁ ‘passage ‘6b-wi |l -be supplied to the second channel
P

A2. FurtBer, sochbat vt amosnp pf yhefialgasdf supplieddhrgegh the supplyust ed
o that the flow. anpu f the fuel ved the uppl assage
Zb and t hen SB‘E}BPS% @%%%@%Bﬁ?"%ﬁ% ‘?H%' a ribis? ﬁ%‘f{ 9a

exceeds the a&ﬁnﬁ:‘it aa L H%btcé'ﬁrfs# 0% %{;%{1%%01?18&’&5 é’ﬂ&n%f L% ng! 9as

G supplied to ion 9a w e recel I'ng op ni hg-38a and

then be recei ied gas G Bﬁppﬁétﬁt}&‘éﬁghkthé@ﬁﬁ}i%@%g@ﬁl@% Eﬁﬁo%h&lb%len gR$tibn bpcei ved
into the supply passage 6a will be suppli via the supply opening 5 into
the first chaknetppidd tyvihe thied f cheinnslipi8. y i Algo redren tﬂehﬁmbnrgtlbheload
above- dg cribe onstruction, in the first |ow conbustion | oad operation,

fo exces$i vel ?gl“ﬁ ing Fpeane RDadiustsdiher otalssunplyameunt; ofethe; fugl sendnmel Al

and the secon Al 0Q5 so t enerat.i on of unburned
conponent s caﬁl%gﬁrggg}hlgl%[ g’ﬂtgﬁj ﬁ’é? gas (3 @agé@{) SP§™8ARE| oad
operati on, NO7TBXEES th¥ edpent Rbftidn Db~ @i&eedé"axb%(ﬁetéx%ﬁ%ﬁnﬁﬁt' i s&gond

channel A2, so that genération of unburned
amount and also that the flow amount of the fuel gas G received into the

supply passage 9b and then supplied via the supply opening 7a into the
15 open port,ion 9a is blow the predetermined critical flow amount, thereby to
effect a second 1ow combustion load operation, a portion of the fuel gas
supplied into the open portion 9b will enter the receiving opening 8b to be
received into the supply passage 6b and all of the fuel gas G received into
the supply passage 6b will be supplied to the second channel A2. Further,
20  when the total supply amount of the fuel gas G is adjusted so that the flow

."'”\\1 ’

amount of the fuel gas G received by the supply passage 6b and then
supplied via the supply opening 7a into the open portion 9a exceeds the
predetermined critical flow amount, a portion of the fuel gas G supplied to
the open portion 9a will enter the receiving opening 8a and then be received
25 into the supply passage 6a and this fuel gas G received into the supply
passage 6a will be supplied via the supply opem'ng 5 into fhe first channel

Al
With the fuel supplying means 10 having the above-described
construction, in the first low combustion load operation, no excessively thin

30 fuel-air mixture is formed in the first channel A1 and the second channel
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conmponents can be restricted. In addition, by increasing the ratio of the
fuel gas G supplied to the second channel A2 side in association with
increase in the flow anount of the fuel gas G the fuel ga&tﬁg\&}m‘ t?ﬁgzi
supplied uniformy to the second channel A2 and the third dnrief SO
that | ow NOx operation is made possible. Mreover, in the high conmbustion
| oad operation, as the flow anount of the fuel gas G increases, in other
proaches the rated conbust i on | cad, the

\r/\g{fjg of t %g tﬁéﬁ%ﬁ%@%@%ﬁ@uf‘ﬂ%@l%%ﬁﬂﬂﬁ%&lﬁﬁ@@be regrices be@ﬁ@gﬂr; ed to
R e e

As aresult I Stri on ra
Al side for thmxw@sqmﬁa@mam%&l@@hwa@%gth&%%@g\%g@ﬂb% barhed

increase in the total supply anount of the fuél gas I n -assocl atlon
wi th increase compohentsotat beuppirictedio Unt additivheby datregsinigGhettadio of the Wit h

conbustion_load; the distribution ration of the fuel to -

the first chaE\‘@I g8 G quppligd foothen seevadophpmsielnA2 |smle maaSSb@ahnnr‘Fﬂéﬁd
Hence, in the. h co i on I eratijon, e tion p S
20 rel ati vel ynll %t{l%‘yaw Q?ﬁ%ﬁﬁ‘ﬁ! Wg'é g% Sb he

third channel,m%rﬂqsy kRE t&%&ﬁﬁ 0 us%t i I ad is
relatively high and neﬂgr tﬁ&%rngt n%ﬁ tion Efoad cpﬁ'&mfﬁ‘&? gaés 1cg{rn be

suppl i ed uni f OFOk Yopewatiort e nenrlei pesibls. StM@f@ﬁ@ﬁ'm%e BRBORmEIRE o2 and
third channel A3, so that | ow NOx conbustion by thin pre-m xed fuel-air 25

mxture is naéﬁemm, Bk éhe flgwtdmeuntyafithe finel gasdh isarppdesi mgotheamgd.ﬂ r:f[m;] t[]e
ed W its
Quppry abbni ot coprsten o dhrepachen thavared et loat Gieratsrof e 11 ow
[ 7 t he
; Léfcéligneoif 018 UG Su5 chd' Bhel MErGMEPDY. BB IR St D (Y sipls' Y

direction of bpeniai® Adati.d h@ﬂ%ﬁ&téﬁb&@%mﬁ@%uﬁ%éa‘e&“s 9a, 9b.

Therefore, in order for the fuel gas G whi ch has
As a result, the distribution ratio of the fuel gas G to the first

channel Al side for the main combustion can be increased in association
15 with increase in the total supply amount of the fuel gas G. And, in
association with increase in the total supply amount of the fuel gas G, that
is, with increase in the combustion load, the distribution ration of the fuel
to the first channel A1 relative to the seeond channel A2 can be increased.
Hence, in the high combustion load operation, when the combustion load is
20 relatively low, the pilot combustion at the second channel A2 and the third
channel A2 may proceed stably. Whereas, when the combustion load is
relatively high and near the rated combustion load, the fuel gas G can be
supplied uniformly over the entire first channel A2, second channel A2 and
third channel A3, so that low NOx combustion by thin pre-mixed fuel-air

25 mixture is made possible.
Further, with the fuel supplying means 10 of the burner apparatus
shown in Fig. 5, the supply passage is disposed with its supply opening 5
side being inclined toward the upstream side of the flow direction of the air
A such that the supply openings 7a, 7b may supply the fuel gas G+ in the
30 direction toward the upstream side of the flow direction of the air A at the



flown into the open portions 9a, 9b fromthe supply openings7a, 7b to enter
the receiving openings 8a, 8b it is necessary to set the flow anmount of the

fuel gas G flowi ng out of the supply openings 7a, 7b to suggg aﬂg smjrz Qtr') 5
vhi ch exceeds a fl ow anpbunt which passes the open portions 9a, 81y g nst
the flow direction of the air A at the open portions 9a, 9b. Hence, the
predeterm ned first and second critical flow anobunts can be set relatively
hi gh. Therefore, in the first or second | ow conbustion | oad operation, it
is possibl e tpeafpationsday P elhereforss ihuetdegdor Ghe fpel gasl G ovhich Ipen

portion 9a 10 pr 9b fromflowing into the receiving opening 9a or receiving
openi ng 9b. PO & ﬁ@p%ipﬂ’é:?oné"p(iﬁargi’tﬁg PP LHOREINGTT 2, 4B toremker i n
Fig. 6, can iipelHoevia | AL j 0Qrt i ex l.e of

" oxygen- cont aitﬁlgrll"g gag @3%%%&2%@3{&%&#20 %%@erﬁ@iadﬂoﬁ%%g?e will
be described fiext gad Ckowhey buebf ShERUBPRYopBEHRZD] Q

~-apparat-us-15 sho%m ‘i'n -gi g5, the f ugPp%Bpl-yi %mﬁs O%I-C%P‘E? Eégﬁgﬁtner
appar atu$ shavikich pxéieds adlave avwuhit geiel passesithplopénipsttisnad:s Shhepdined to

the three coggu iogirchannels of the first channel A, second_channel A2
and the thir %?X’téh%' egiaon 4f the ik &\ @ dhe enenspppions iRy, fbansHedcef thene

b iNe Ei 0. 5. t ] 9a, 8 d suppl
passages Ba. - PR i B iecbi? PRl RBORBOSRE: dacbs SR "PAERY
with the fuel hsspPI'PHBOIEaASEGirat of Rbso ogveEomﬁIM?Jn%H% 1 R%%gicgiéﬁto B ¢ he

supplying portion 35 is disposed between the recerving ope

suppl y passageoédiblertd effeetiedlp provempehé figel s (- ktgplidieto thieloplen tddi-elea9at hi r d
channels Al, A2 and A3, to the air supplying portion 35 25 the air

fuppl yi A8 neafs 9B dismm flewingintaithe receivdng openingl Sagursre@ivingmipeningwbh  t he
air A flows throughhe o i 37 to the d streamside. Wth this fuel
suppl yi ng portion 35, @Eﬁg?g TAPPaRatus %gﬁﬁ?NQ?qpﬁea%§@®W9lﬁéggd@e 6b

so that the fugl;9as |.Qwi ' ‘ have an
ookt . LU sagsal AUk P BL YR SSGRE B piting
appropri ate 3@as hepploieeivrtiohONTRE chidtrittfin SR%edd WillifeidseriBaPRbked from
the open portion 24
Like the fuel supplying mechanism 10 of the burner apparatus
15 shown in Fig. b, the fuel supplying means 10 of the burner apparatus
shown in Fig. 6 is configured to supply/distribute the fuel to the three
combustion channels of the first channel A, second channel A2 and the
third channel A3. And, like the fuel supplying means 10 of the burner
apparatus shown in Fig. 5, two open portions 9a, 8b and supply passages 6a

('ﬂ : 20 6b constitute the fluid control construction.

y

Further, with the fuel supplying means 10 of this burner
apparatus, the air supplying portion 35 is disposed between the receiving
opening 8a of the supply passage 6b and the supply opening 7a. Like the
first through third channels A1, A2 and A3, to the air supplying portion 35,

25 the air supplying means supplies the air A and the fuel gas G supplied with
the air A flows through the opening 37 to the downstream side. With this
_fuel supplying portion 35, by introducing the air A into the supply passage
6b so that the fuel gas G flowing in the supply passage 6b may have an
appropriate concentration. As a result, it is possible to render appropriate

30 the concentration of the fuel gas G which is supplied from the open portion
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-1 8 AUG 2,005 9a ad the supply opening 5 |l ocated on the downstream si de of
the flow direction of the fuel gas Grelative to the air supplying portion

35 of the supply passage 6b to the second channel A2 andatli}gufd r@ﬁ;ichannel
Al. Further, the air supplying portion 35 includes a discha %3 ng 5 36

which is connected to the upstreamside of the flow direction of the fuel
gas. G of the supply passage 6b and which is fornmed with such a posture as
to supply the fuel gas Gtoward the upstream side of the flow direction of
the air A at t9% adi thessynnlyi onenpeg 5 oca®d omdberdbiwrgttean idediof ¢harfipey

opening 36 forped wt uc osture as. 10 described_above, the fuel gas G
suppl i ed from ﬁ%‘:t]c?r‘s‘rl}h@%egﬁ"egpgé‘ﬁiéd’e%vea@aﬂ%?s@lrtwpﬂMW wrtiph 35 pof the at

the air suppl yd ' t cqldide agai ns he air Ato
be. i sper sed {haPipgnseaep 68 te A0 susnaARHLE? abihe e HnE% Aoy of 1 ne
ai r opposing the di sEhathee, ReglRg %@% bitfoh 3incARRLOPH f
~-pressure-in-the direction fromt hepdl scl gr ge -op-eﬁ-ng---f?gjgé%%g?%g%négl y
passage 6b to d6hwhinbels coonected t9tthe sipstreaim sidprbphié Avw dirediost e faan be

applied to the fii?l as G glntering the receiving openin 8b fromthe open
portion 9b. THEdF 8f Bhe supply megeage 6h and wdrrh isciarme ovith smol atpastuterss f i r st

oper ation i s S tERBGEE, Bl Be R sPuatd e Fosieamonge b o dowoacaimral | on
T, o SEL SRRk B o et B PV o1 oo o
recei ving openi ng 8bAcdordibieofthe skischawscorening 86 formdallwitPRicAlpRbure ds 1 S
possi ble to effectively prevent the fuel gas G having flown into the open
porti on b 1 r Sesaihed: pbeye; therivebigas g sopplicddrah theddischarge oRming S8l t ,
generati on of B RS GRTROREIL o) 0 b SLLeE L VoL, auel dedy Bt R on
chanmel s o R ALANenE ity SOLELTMGHA oLty WS B8
Further, the flow of the air opposing the discharge opening 36 applies an
appropriate amount of pressure in the direction from the discharge opening
15 36 of the supply passage 6b to the open portion 9b, so that appropriate
resistance can be applied to the fuel gas G entering the remiﬁng opening
8b from the open portion 9b. Therefore, the prédetérmined critical flow
amount in the first low combustion load operation which is the threshold
value at which the operation is switched over to the second low combustion
20 load operation may be set relatively high. In this way, by applying an
appropriate amount of resistance to the fuel gas G flowing from the open
portion 9b into the receiving opening 8b, in the first low combustion load
operation, it is possible to effectively prevent the fuel gas G having flown
into the open portion 9b from entering the receiving opening 8b side. As a
25 result, generation of unburned components can be effectively avoided.
Further, another example of the burner apparatus having more
than three combustion channels as described above is a so-called multiple
burner including a fourth channel A4 as a pilot combustion channel and
first through third channels Al, A2, A3 as a plurality of main combustion

30 channels equi-distantly spaced apart from each other along the peripheral
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first through third channels Al, A2, A3 as a plurality of main conbustion
30 channel s equi-distantly spaced apart from each other al ong the
peripheral 25 - 8 AUG 2005 direction of the fourth channeL.,gglg @h?mg n
Fig. 7 (a). Wth such burner apparatus, under an operation T Lali' -ghR-of the
| owest conbustion |load, the fuel gas Gis supplied only to the fourth
channel A4, so that only this fourth channel A4 is set into the conbustion
5 condition as_shown in Fig. 7 (a). Incidentally, in Fig. 7, the
illustrated d¢évastioniodbhe frammthethantwhotseshomndinf Figl Bda)i t h dots are under the
conbusti on c‘onditiow And i th such burner apparatus, for increasing the

cormbustion load fro It sudh, ng@%rﬁmﬁ’mﬁ%werﬁﬁ@mmﬁﬁéiﬂm@f thee
oy adua 1y so EAR BB ThAT BI° RielChad R iF 4ol bag o, g R

gradual ly, so that the apparatu

in which in adHhhh€iNALOso e drdyihiy hABHarddl A Ralek iff, tHY Joﬁllﬁ%%{b?ﬁ' s A

~-gi-sposed-tn-point- - symretry relative to each other are-set-Irnto the -
conbusti & coneidition, as shbwnt iweFigdhda) i dncidéntally, inl Kig) 7| thaiilgftrated
addition to the fourth channel A4 15 and the third channel A3, the pair of
second channef@™ S@P%ﬁﬁ%’é%ﬁlﬁ Henpted angl filledsyitedaty arennden/thetcomdnmshiont her

are set into 'rcgﬁdi&ﬁﬁbustion condition and to a still further condition of
Fig. 7 (d) in I'ch'in addition to the fourth channel A4, the third

channel A3 and the S&w’nﬁi&hmbﬁﬁbeﬁﬂﬁaﬂﬂ o0k crfaé&ﬁé tggacggjt%lulssﬁlt%lg he

di sposed in the point symetry re to each other ar
conbust i on colwhd from fthe giovei aiepgtibh@onditiveh, AR By oPRBe BhdiffstiBAOL her ..

Further, such burner apparatus can be realized with fuel supplying neans
10 havilflg a fhanrels Snihach senbiel ges iois supiphieddn sheressddogradubBy,esf thait! | be

means 110 ShollF PRPREELS BELES S5h ¢t gdioaitiaroolkignrybhinvhieh i sdiBontte el

gas G of the {HelinGRANBEinTet 9Ak0 4t BE‘H‘ of third channels A3 disposed in point

' symmefry relative to each other are set mto the combustion condition, a
further condition of Fig. 7 (c) in which in addition to the fourth channel A4

15 and the third channel A3, the pair of second channels A2 disposed in the
point symmetry relative to each other are set into the combustion condition
and to a still further condition of Fig. 7 (d) in which in addition to the fourth
channel A4, the third channel A3 and the second channels A2, the pair of
first channels Al disposed in the point symmetry relative to each other are

20 set into the combustion condition for providing the rated operation, one
after another. |

Further, such burner apparatus can be realized with fuel

supplying means 110 having a fluid control construction. The construction
thereof will be described next with reference to Fig. 8.

25 _ That is, the fuel supplying means 110 shown in Fig. 8 is configured
to supply and distribute the fuel gas G of the fuel channel 119 to the
upstream sides of the respective channels Al, A2, A3, A4,

Further, the fluid control construction of this fuel supplying means

110 is provided respectively between the adjacent channels in Fig. 8, so as

30 to distribute a portion of the fuel | gas G supplied to one channel to a
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upstream sides of the respective channels A, A2, A3, A4. Further, the
fluid control construction of this fuel supplying neans 110 is provided

respectively between the adjacent channels in Fig. 8 so .a t
distribute a portion of the fuel gas G supplied to one chaﬁnéﬁ%o?gﬂi% 8
AUG 2005 next-stage channel. Mre particularly, the fuel as G of a fuel
channel 119 is divided into two portions to be supplied to the upstream
side of the fourth channel A4 via two supply openings 107c (an exanpl e of
"suppl yi ng pomexbatage dhanBel.hi s, the reason why the fuel channel 119 is

divided into two Iinf@ is that each pair of the total six channels A, A2
and A3 to which the M9Ef RggEcdarly, the sl 201G of aifvel channad il Woispdivided wo

L ST RE ST A LA et R AR PERHRELT o
10 i . di yhli ¥ ,
e O Mo ot gl 0%, gl g b

fuel gas8G i mhishéhé reasdncwhyrtht foelndiaried 109 is @ivided ShRPIWEHENaNS that
distributed to two  channels. Further, in this fuel supplying neans 110,
three supply &p&hPAFL ths told six dusmels AbCAR rmdpAd b sddctbEiefmehghd € fsi r st

channel Al and_t ecqnd ., channel A2, between the second channel A2 and
the third chaﬁHBPhﬁ‘iig‘%ﬁJ&g“B‘é@%&ﬂmPﬁée FWPrcglgeﬁﬁlﬁrfﬁﬁpq&sd%mméyww
channel A4, r [ ] n . h | y. passa 106a
is formed as gélgﬁiggltg%%%%ﬁ??\% m%l%@‘%/\ﬁec Q?s'(,} %‘p%lﬁ%ﬁlght'ﬁéﬁ%?ﬁ)#ogﬁtgn‘??gg Al .
20 Nanely, onoftwo gpatpsdadudindeeseh dldartRawt h channel A4, there are '

provided a supply opening 107c for supplying the fuel gas G of the fuel
¢hannel 1919 to an opttepetelyowitivet dvidine the fndlhclunnehdil Adt@sdcle two

(poeiVing oPef g (hd%ei e S Winled B B0 Sishbuted suppiy of the el g e "
in the fluid control construction can be supplied and distributed to two
channels.

| Further, in this fuel supplying means 110, three supply openings

15 106a, 106D, 1060 are provided between the first channel Al and the second
channel A2, between the second channel A2 and the third channel A3 and
between the third channel A3 and the fourth channel A4, respectively, and
the terminal end of the supply passage 106a is formed as a supply opening
105 which is open to the first channel Al.

- ': 20 Namely, on the upstream side of the fourth channel A4, there are
provided a supply opening 107c¢ for supplying the fuel gas G of the fuel
channel 119 to an open portion 109¢ of the fourth channel A4 and a
receiving opening 108c of the supply passage 106¢ for receiving a portion of
the fuel gas G supplied into the open portion 109¢ only when the flow

25 - amount of the fuel gas G supplied through the supply opening 107¢ into the
open portion 109c exceeds the predetermined critical flow amount.
Similarly, on the upstream side of the third channel A3, there are provided
a supply opening 107b for supplying the fuel gas G received in the supply
passage 106c to an open portion 109b of the third channel A3 and a

30 receiving opening 108b of the supply passage 106b for receiving a portion of
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~-of--the-fuel —~gas G The fuel supplying neans 110-having

the fuel gas G supplied into the open portion 109c only when the flow 25

anmount of the fuel gas G supplied through the supply opening.107c into the
open portion 109c exceeds the predeterm ned critical flow udtllG 2005
Simlarly, on the upstreamside of the third channel A3, there are provided
a supply opening 107b for supplying the fuel gas Greceived in the supply
passage 106c to an open portion 109b of the third channel A3 and a 30

recei ving opening 108b of the supply passage 106b for receiving a portion
of 27 -8 AUG Zbesfuehgas el supplied intp ghe expennpartidne 169ie onjyo mttieon tAd Towon! y

when the flow _amount. of the fuyel s G.supplied through the supply opening
107b into the a‘B?)‘é‘ﬁ‘ ‘i}"&gﬁfBa gP5SH SR @&%&h@rpﬂghﬁh%a@mmyﬁpmgcmml@m the ow
anount. Al so 1 v, ide.of, th econd channel, A2,
there are 5 prozj\l?fpaﬁe%ﬁgﬁshpp %’Eb%gg%imég%?gﬁ?we&o%ﬁﬁ%r ki - ahds% _
recei ving opeiilgriy0tm the Lhstpin! ¥dBasS Be sLAR (MGnhEC AN ! fife@ BRI LT ON
_ thé dbove-'descri bed -
const ructd on iprevidedsa supblyr apéringof07d, uird opent yertion O1ga’ UAHI #NecaidRty 10

i ncluding the respective open portions 109a, 109b, 109c and the respective
suppl y passag é’?el}%@aio%@’ﬂbtﬁwlmlmwagndoﬁ@rfw vécetong arpartioons theifngl

arranged in sgég%f. And, with the fuel supplying neans 110 having the
above-describ construction, when conbustion |oad adjusting neans 120 15

adj usts, by a flow apRainfucrdigsil val 1 -t otal | unt of
the fuel gas G such that the ‘??% %ﬁ%iﬁ%f g%?wh?ue_g g}:glg é@ﬁ%ﬁ??@’e@mough
the supply opescistgudivic inoludes he phenlippr bf dRiid096ntrsl RBhOMuERSHs each
predeterlﬂ]ned,fl regt critical flow anount, all of the fuel gas G supplied
tthr ough Iohe s ippndingddei regpective dpenpartiens 36A2pbIqk, d094aad the respeitived t o
20 the fourth_channel A4 th S own_in Fig. 7 (a), only the fourth
channel A4 i Ssg%flyt BagsigeR (SJ@QBS @béﬁ: é@gﬁi‘f’?tbni?he control constructions being,
arranged in series.
And, with the fuel supplying means 110 having the
above-described construction, when combustion load adjusting means 120
i5 adjusts, by a flow-amount adjusting valve 121, the total supply amount of
the fuel gas G such that the flow amount of the fuel gas G supplied through
the supply opening 107¢c into the open portion 109¢ is below the
predetermined first cntmal flow amount, all of the fuel gas G supplied

through the supply opening 107c into the open portion 109c¢ is supplied to

o 20 the fourth channel A4, so that as shown 1n Fig. 7 (a), only the fourth

channel A4 is set to the combustion condition.

Further, when the total supply amount of the fuel gas G is
adjusted to exceed the first critical flow amount and also to be below the
second critical flow amount, a portion of the fuel gas G supplied to the open

25 portion 109c enters the receiving opening 108c to be received into the
supply passage 106¢c and all of this fuel gas G received into the supply
passage 106¢ is supplied via the supply opening 107b to the third channel
A3, so that as shown in Fig. 7 (b) only the fourth channel A4 and the third
channel A3 are set to the combustion condition respectively.

30 Still further, when the total supply amount of the fuel gas G is
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Further, when the total supply amount of the fuel gas Gis adjusted to
exceed the first critical flow anpbunt and al so to be belom/%ge second
critical flow amount, a portion of the fuel gas G supplied™td Abé §FER 25
portion 109c enters the receiving opening 108c to be received into the
suppl y passage 106e and. all of this fuel gas G received into the supply
passage 106c¢c is supplied via the supply opening 107b to the third channel
A3, so that as shown in Fig. 7 (b) only the fourth channel A4 and the third
channel A3 ar eadjgsted do @ﬁ@ﬂ%o#b&ﬁﬁ@% critinali flovo amossy ectd aled Yo b8 bekiw the

further, when 4he tal supply anount qof the fyel gas, Gis 28 8 AUG 2005
adjusted to ext?:%réid&?%(éal@%ﬁﬂ%&'ﬂtt a2 Portion BWe}éﬁ'ng\?hgaﬁ@S‘éPB]éﬁdﬁ)ﬂ@ PRETOW t he

third itical i | Q. e. f G lied to,.th
open' por 1 on bR cu g, enterd B RBRAAE (pefin RS i B nliiman:

the supply paupplyepaSiigeattbiahhdofll tofithis Hed @@%Q&ﬁg;ﬁ%gﬁ% %gg)gg% ond

~-supply passage -106b i s -supplied-vi-a the supply openin

channel A2, sdassrge H)bshsunplied Fiaythe/supply opdning 1674 duthdseddadndhnAdl t he

third channel, A3 a@{i@ithe second channel A2 are set to the conbustion
condi tion res‘}icﬁoi £\2S Shewn 10 Fighdr () vimbn the sourth thasinghAd, sheuthirdof t he

fuel gas Gis L Ut C thi.rd, critical,flow ampunt, a portion
of the fuel g(!lﬁggdﬂ‘le %?g%}ipipﬁ%lée%&%b& ?lﬁ%n%e&é% ﬁ’fﬁﬁtgﬂ thysambystipa copdition

recei vi ng opeksiecfifdlg. t Stilshurffeel At nd al |
of this fuel ga?@g; regei ved into ﬁgﬁsﬂ&gﬁ%"ﬂ%ggété’g%hﬁ‘é‘g‘g&?@‘%?&%ggﬁg Vi a
the supply opamadiystedIotexcedibttd third cxitiealhlw Anouss, 4 PéitiodSofIReel ghsFi 9. 7

(d), all, of t@$ch nnel s.are set into the conbustion condition. 15 Wth

{he fuelOsupp dndhe ppen porien {A%a ehtere thiesereivieg opemingt108attode, | n

Formed | n t her SRRl URPBIrMY Basrsed bR Radtfarivts foml cevfurceriond info t nat
e a7 ! (BRSSPI SR ALY g 108155 B
channe] Al, so that as shown in Fig. 7 (d), all of the channels are set into
. the combustion condition.

15 With the fuel supplying means 110 having the above-described
construction, in the low combustion load operation, no excessively thin -
fuel-air mixture is formed in the channels which are not in the combustion
condition, so that generation of unburned components can be effectively
restricted. Further, by gradually increasing the number of the channels to

~ 20 be set into the combustion condition in association with increase in the
combustion load, the combustion condition can be maintained stable over
the entire combustion load range.
In the foregoing embodiments, the plurality of combustion
channels as the pilot combustion channel and the main combustion channel

25 are arranged in the radial or peripheral direction. Instead, the layouts of
the respective combustion channels maybe appropriately determined, with
consideration to the flame stability and low NOx generation. Further, the
fluid control construction provided between the respective combustion
channels may be designed, with consideration to e.g. the distribution order,

30 distribution ratio relative to increase in the combustion ioad.
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--@Xygen-cont-ai-ni-ng-gas ot her-than-ait; -e.g.oxygen-ri
‘hi gher cdntent of oxygen than air can be enployed. 30 --8 AUG 2005 C ai ns

20, be set into the conbustion condition in association with increase in the
conbustion | oad, the conbustion condition can be maintai ned stable over

the entire conbustion |oad range. In the foregoing enbodi nents, t?
plurality of conbustion channels as the pil ot conbustionﬂgkdﬂﬂgl ﬁ@ﬁ t he
mai n conbustion channel 25 are arranged in the radial or peripheral
direction. Instead, the |layouts of the respective conbustion channels naybe
appropriately determ ned, with consideration to the flane stability and

| ow NOx gener ation. Fhet foregoingeembodirgnéonelate wogshensdtdazes prioared g

bet ween the respective conbustion channels may be designed, with

consi der at i on FgEER-Gontaiping; gas oy, cambpstinnel the fyel gasGromprisen theaimA.

| ati to i ' I | pad. ., 29 8 AUG 2005 05 The.f [
embodi mont o r aTSEAT: 85 Ak BOTRIRE Gl % 6105 B9 A o IORPRE BT or |
combustion of HaRend éﬂ@ﬁgmscoﬁ’t&ﬁr&bkf’é‘e%ettﬂgéi Bk bat\be eh%agﬁgp, as the

‘gas 5 having a-

1. A burner apparatus including a plurality of conbustion channels in

whi ch fuel is supplied to oxygen-containing gas conmuni cated therein and
the resultant fuel-air mxture is supplied to a conbusting section to be
conbusted therein; wherein said each conbustion channel includes a
supplying portion for supplying the fuel; a supplying passage is provided
bet ween the respective conbustion 10 channels, the supplying passage being
configured for receiving a portion of ‘

¢

o
1
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the fuel supplied through the supplying portion to the one fuel conbustion
channel and then supplying this to the supplying portion of the next-stage
conbusti on channel only when the flow amount of the fuel fr thein anac
supplying portion is above a predeternined critical fIOM/angﬂ%t?ﬁzhkfaﬂﬂ_
conbustion | oad adjusting neans is provided for adjusting conbustion |oad
t hrough adjustnent of a total supply anount of the fuel so that the flow
amount of the fuel fromthe supplying portion nay be contained within a
range enconpassi ng sai d predeterm ned celaimsal flow anmount. 20 2. The
burner apparatus according to claim1, wherein between a supply opening
acting as said supplying portion and a receiving opening for receiving the

fuel of the suypply p [ ' . he
AR5 DU nARGIEE S MARR] QAoh Aol REA

conmbusti on channel, and 25 a Supplying

suppl yi ng por tmowhich fikk is spppliqdotd boypen-@rdsiBess aak |coMmintikiestedothebint he
~-0Xygen-cant-ai ni ng -gas-at -the - open_portion. 3. J%e- burner apparatus- - -
accordind to éndithexesplenkfuel-airanixipe is s@plitidrtoct cambustinighsectionl toflreom t he
suppl yi ng portiog t€ tf&?@ olFl_en portion is a 31 8 AUG 2005 direction toward
the upstream $PREUSTEAHETNG Y direction of the oxygen-containing gas of

t he conbustion chan_n;ﬁherein J48 Qgémeéon@:ﬂﬁgg)g %ﬁaﬁﬁgfriﬂ+1§§%%§%§sld§ﬁp? i i ses

wherein said supplying portion of a one supp

a supply openipogtioiczuipplyanethd fle@r d t he upstream side of the flow
direction of the oxygen-containing gas of the conmbustion channel. 5. The

burner appar at us ac@ﬁwpigirtgpasbageﬁs@rovﬁdedﬁepwbm theerespectiv® coufipisyionpeni ng
el of Tone s CRAIAIB e P ing e oPas hing doBAEWsa P ORGIGRE a porton of
the fuel supplied through the supplying portion to the one fuel combustion
channel and then supplying this to the supplying portion of the next-stage
combustion channel only when the flow amount of the fuel from the
supplying portion is above a predetermined critical flow amount; and
15 combustion load adjusting means is provided for adjusting
combustion load through adjustment of a total supply amount of the fuel so
that the flow amount of the fuel from the supplying portion may be
contained within a range encompassing said predetermined critical flow

amount.

2. The burner apparatus according to claim 1, wherein between a
supply opening acting as said supplying portion and a receiving opening for
| receiving the fuel of the supply passage, there is formed an open portion

open to the combustion channel, and
25 a supplying direction of the fuel from the supplying portion to the
open portion traverses a flow direction of the oxygen-containing gas at the

open. portion.

3. The burner apparatus according to claim 2, wherein the supply
30 direction of the fuel from the supplying porﬁon to the open portion is a
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open to the conbustion channel, and a supplying direction of the fuel from
the supplying portion to the open portion traverses a flow direction of

t he oxygen-contai ning gas at the 15 open portion. 6. Thequnﬂgqgggggratus
according to claimb5, wherein a portion of the supply passage i's open to
an oxygen-gas supplying portion where the oxygen-containing gas is
supplied. 20 7. The burner apparatus according to claim®6, wherein a

di schar ge opening of the supply passage for discharging the fuel to the
oxygen- cont ai riirpgtigas tewprd yihey ppstréam isideopefn the thev diirectioronof otkmr d t he
upstreamside in the flow directj.on of. the oxygen-containing gas at the 25
oxygen- cont ai RFREERSLEHPDE g GT Hhsr qampbpstion chRBnglur ner appar at us accor di ng
to claim5, wherein the supply direction of the fuel fromthe supplying
portion to the open portion is a direction toward the upstream side of the

flow direction.of tHEhe BRrie¥M@pArARRLALHING BASaint 11 ' pgnnel .
~32 8 AUG 2005 9. - The burner apparatus according to E%F%%%%I%Bgn -
portion & tmerGuppf ¢t leasbane supplypmssige ecomprigtgensyssly vpeping whidhoist i on
where the oxygen-containing gas is supplied. 5 10. The burner apparatus

according to OP&Rmbowathethe n upsiresamarside ehethag flow t direstion! yofpabeage
for dischargi e fuel .to the.  0X n- cont ai ni ng gas supplying portion is
open in the dlﬁg%é: |%0ﬁ%%%§a§?fethet%g}%§ﬁ?§ﬁa’én$n the flow direction of

t he oxygen-containing gas at the 10 oxygen-containing gas supplying
portion. 11. The burner apparatus according to claim 1, wherein a portion
of the suppl %. passdje barmgreapparadis CYEaHD 86 cRERPYLY WiErBR! bb@eeihgr e the

( B 10 supply opening acting as said supplying portion and a receiving opening for
receiving the fuel of the supply passage, there is formed an open portion
open to the combustion channel, and

a supplying direction of the fuel from the supplying portion to the
open portion traverses a flow direction of the oxygen-containing gas at the

15 open portion.

6. The burner apparatus according to claim 5, wherein a portion of
the supply passage is open to an oxygen-gas supplying portion where the
oxygen-containing gas is supplied.

20

7. The burner apparatus accordir_lg to claim 6, wherein a discharge
opening of the supply passage for discharging the fuel to the
oxygen-containing gas supplying portion is open in the direction toward the
upstream side in the flow direction of the oxygen-containing gas at the

25 oxygen-containing gas supplying portion.

8. The burner apparatus according to claim 5, wherein the supply
direction of the fuel from the supplying portion to the open portion is a
direction toward the upstream side of the flow direction of the

30 oxygen-containing gas of the combustion channel.
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oxygen-containing gas is supplied. 15 12. The burner apparatus according to
claim1l, wherein a discharge opening of the supply passage for o

di scharging the fuel to the oxygen-containing gas supplying{bg@“(pgﬁﬁg
open in the direction toward the upstreamside in the flow direction of

t he oxygen-containing gas at the 20 oxygen-containing gas supplying
portion. 13. The burner apparatus according to claim1l, wherein between a
supply opening acting as said supplying portion and a receiving opening for
receiving the fuel of the supply passage, there is fornmed an open portion

25 open to th conbui,‘hi n channel, and a supplying direction of the fuel
fromthe supple%/i ng p f’iiﬁﬁnﬁb apRaratyp @égeqrding oh claimy8r wherean fa pertitir eft i on

of the oxygen- L. as .at _th open portion. 30, 14. The burner

appar at us accg:ﬁgi%ﬁllgbwoﬂg?%gﬁl lfé’,peﬂhet@raerr Hx%f%pe&ﬁ'%%gnélﬁ YRE POTROR, "259‘?—? Beni ng
of the suppl y&gg@gg@lﬁagﬁngig%gqgag%gg he fuel to the oxygen-containing

~—-gas-—supplyi-ng -portion-is—-open-in-the dirrecti-on-toward the  upstream side-in

the flowhlirection of the oxygen-containing gas at the oxygen-containing

gas supplying portion. 15. The burner apparatus according to claim13,

wherein the sd¥ply Hhe dernenappanates fgeirdingto tlaémsdpphyreiy spdischarget 0 t he

open portion is a_ direction toward the upstream side of the flow direction
of the oxyger?PE%]ﬁ’tgai?fn%'ega@P@\ff?t ResEsRbJer | discharging| theo fue. tphethsur ner

3l i di_schar. i, f |
Pobenge for - arelraRaiafiif Ual anodRIEhudnt 300RH Bhe ARBRL G tane i ng”
portion is opepsiréailsiddl he¢he dlow ARtk N thePstyoRABoRt ARl ghdh &t HAW

direction of the oxygen-containing gas at the
{ 10 - oxygen-containing gas supplying portion.

11, The burner apparatus according to claim 1, wherein a portion of
the supply passage is open to an oxygen-gas supplying portion where the
oxygen-containing gas is supplied.
15

12, The bmer apparatus according to claim 11, wherein a discharge
opening of the supply passage for discharging the fuel to the
oxygen-containing gas supplying portion is open in the direction toward the
upstream side in the flow direction of the oxygen-containing gas at the

- 20 6xygen-containjng gas supplying portion.

/\

13. The burner apparatus according to claim 11, wherein between a
supply opening acting as said supplying portion and a receiving opening for
receiving the fuel of the supply passage, there is formed an open portion

25 open to the combustion channel, and
a supplying direction of the fuel from the supplying portion to the
open portion traverses a flow direction of the oxygen-containing gas at the

open portion.

30 14. = The burner apparatus according to claim 13, wherein a discharge
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15. oxygen-cont ai ni ng gas supplying portion. 17. The burner apparatus
according to claim 11, wherein said supplying portion of at |east one
supply passage conprises a supply opening which is open tQ rﬂiﬁh&-ﬁ
Upstream side of the flow direction of the 20 oxygen-contai *ngﬁbég’gf t he
conbustion channel. 18. The burner apparatus according to claim 17, wherein
a di scharge opening of the supply passage for discharging the fuel to the
oxygen-cont ai ni ng,gas supplying portion is open in the direction toward the
25" upstream siRening t & thowsapplEctpiassags fire disghgegingonthei nivel gas the t he

oxygen-cont ai ni n as_suppl yi n ortion. 19. A gas turbine engine
conprising t he?%%?ﬁ@?n%gé%%%@iWS PREFAR1S ey laﬁ@edhre@ﬁanrg?sw,@rdshe
Sombusti on exiie2gad s HIEIY dREEH o b etooahig eod FAFAT Vs
35 Abstract /b}dygém%n@mlgéga!s%upgly@ﬁ%ﬂ&ﬁdﬁ_the present invention conprises
—a-—burner--apparat us-incl udi-ng a-plurality of conbustion channels (Al A2) -

in whictPfuel (G is supplied to air (A) conmmunicated therein and the

resultant fuel-air mgﬁt re is supplied to a conbusting section (15) to be
conbusted therérn. Eabf sppeatus aserrdingnto clagm 1 cwherein she supplyi ng

portion (5, 7)3:{0Ff: St i the fuel . A,supplyin assage (6) j.s .provided
bet ween t he ré‘é{)eg@f)?lecge}p% u%tflp% tiﬁawlgngﬁﬂ’%/mﬂg)&’ gﬂ%é’&ﬂé‘m(lﬁ)a bei ng
confi gured fordifeeiehVitb@ard PO | RpstbarhNeidd'els (B SHRP! | g&@ ogghyy L he
supplying portion (7) to the oneﬁﬁsuel co ‘tijéslt{)font@ghannel HJ? (ﬂgngptﬂleen
suppl yi ng t hi 9xygen-bentsirfipgganof ther dontiustfontdhanhekt - st age conbust i on
~channel 1<0A|) only when the flow amount of the fuel fromthe supplying
16. 'The burner apparatus according to claim 15, wherein a discharge
opening of the supply passage for discharging the fuel to the
oxygen-containing gas supplying portion is open in the direction toward the
upstream side in the flow direction of the oxygen-containing gas at the

15 oxygen-containing gas supplying portion.

17. The burner apparatus according to claim .11, wherein said

supplying portion of at least one supply passage comprises a supply opening

which is open toward the upstream side of the flow direction of the
( 20 oxygen-containing gas of the combustion channel.

18. The burner apparatus according to claim 17, wherein a discharge
opening of the supply passage for discharging the fuel to the
oxygen-containing gas supplying portion is open in the direction toward the

25 upstream side in the flow direction of the oxygen-containing gas at the
oxygen-containing gas supplying portion.

19. A gas turbine engine comprising the burner apparatus according to

any one of claims 1-18, wherein a turbine of the engine is rotatably drive by
30 kinetic energy of combustion exhaust gas exhausted from the burner
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partion (7) is above a predetermned critical flow anmount. Conbustion | oad
adj usting neans (20) is provided for adjusting conmbustion |oad through

adj ustment of a total supply anount of the fuel (G so tha f]ﬁﬁf%@?
dmount of the fuel (G fromthe supplying portion (7) may De t &' red

wi thin a range enconpassing said predetermned critical flow anmount.

apparatus.
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