-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 |load for assuring good conmbustion 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

conbustion channel afisiiftventio Flates' téed bﬁﬁﬁe@&pp%h@ﬂisyigﬁg@l%&gﬂgﬁsm

conbustion channel, respectively, so as to nmake the 1 t ment
of the flow a@bgpméustion kbafmels igashich fubkismippliedrbukyjzacorfagming gand t o

t he pil conbusti on channel ,. i ndependently of each ot her.
( P % communicated tT]erem and Ehe resulta%at fuel-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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~~gas-t-o-the-majn-conbusti on -channel-and-to-the pilot -co

However, according to the prior art described above, as the adjustnent of

the supply anmount of fuel gas to the main conbustion 5 chann% |§Q% Ebg% to

the pilot conbustion channel in accordance with the conbusti©
effected i ndependently of each other, the adjustnent operation was :
troubl esone. Further, in the case of the burner apparatus of the above type
havi ng a pil ot conbustion channel and a main conbustion channel, the 10
supply anounts of fuel gas respectively to the nmain conbustion channel and
to the pilot Gsigtmengpicthenfew ameuntsdofthe fuel Epsowi the amini ¢dmbastiorease
in the combustjon lpad, relati. to,a r.ated conbustion.load. In association
with such decrceég.gefqpq {?etb&ﬂ}é%&’omﬁf’l}c funel, independantiv of each otkerse t he
supply anount to th ' C [0 npel to | nt ai 5 stablg pil ot
conbustion. Then, |ﬁle%eV(l§g%Ii’ %e%r S, gt Eoeﬁ%%hggioﬁe%ﬁ ‘F%{)@?@da Yar ﬁ%rﬁm
appar atus  whiadjustidenvbsofettay sagplis bitintObf Fid SR %h@ggﬁ% scog;b%%nf uel
Tousti on channel
accordi n® to charnelomd thabote thagilot combubiite chashalhinciicoatdmeal withstHehe

distribution ratjo éo {ﬁd&he sgp | y anount_ to the pil ot conbustion channel
to be increas&%m#’HS %1&2 are e G‘\&F’ indepandentlyiof eanh othen| the adjosiment
(Japanese Pat gg%ratﬁﬁ%éﬁc%hmﬁéégkai " No.: 2000-002422). This burner

apparatus incltudes a pilot conpustion channel for effecting the pilot
combustion and a maiMuEREMUA! RN caRARNEL, | he ;maj n
conmbustion and further includes supply o%fgm%iLﬁéfaéﬂa%p%?y@ﬁgabﬁ%ﬁetypﬁeI to
the main conbbevingna gl neimlandtiohhehqrinedtargoatmsin esmbRSHAE!chanABD theSUPP! Y.
passagelfor receiving a portion of the fuel supplied fromthe supply

¢peni ng O+ heuRRly Amewnts ef fush gesarapectively tupint wiaip éambustidnechsnpd! v

opening of th .. N nbustion, channel. That is to say, inm the pilot 30
combust i on ch%rlme ,tgétlﬁo nc?rﬁbuﬁtﬁ?fblﬁhaﬁ‘ﬁé iy reduced riac aswacinfiaparithg of 2

decrease 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 (J: apanese 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



-8<AUG _2005 the supply passage open to the pilot conbustion channel, there
is formed a slit-like open portion which is open to the‘piIoB cqnbustion
channel. And, this open portion and the supply passage funct oﬁhé@ Eﬁﬁﬁuid
control construction for controlling novenent of the fuel by neans of the
flow of air in the pilot conbustion channel. That is, with the burner
apparatus, by neans of the fluid control construction described above, in

the pilot conmfustion,channel, operation is possible with a |arge total _
suppl ying fl g&/ﬂSr?HBRW BRS¥RR OPﬁlgl%O ?fae Bﬁ%@iﬁbﬂ%;&fb?h%tthﬁ&ts rogde f uel
whi ch has beenygunel 4 Rt g S’X nj 0g 1o the open porjiqgn nay
be received fromthe Ifeglc (|SV| ng\?@lﬁ%ﬁ?ﬁ) P#géﬁgﬁg}tgﬁg%uﬁaﬁéggﬂé&anénﬁhen
fed to the suphisy oppenpa@iodf ahletiamisn H$ddeO Bunsdt NGl - 2 Qush r
hand, when a | ow conbustion | oad ope?g{j’?gﬁ iseto be effec%ed \?m?%ﬁ?%uced
combust i on ansonstraeiien foreontrolling mavementiefsitii faebbhrgans oftthuslléw bf hiad
-operation, wth:he, -aﬁove---descr-i bed-15 fluid control construction; in the
pi ot corfbust B REAKeAmbRsHignghammel.s possible with setting the total

f uel | tt t hat h of the f ' h b
o supory"amnt ey 0081 S5 ek DU, 55 404l HLED o Peen
to the supply cpasteaceon BbdcribeARIHoSE, inih@ 56]'9)8 q{oﬁ%ﬂu% 'oﬁfx{l}%ﬂ%&f %Beﬁlfa%nﬁal ’

whereas a snall anount of the fuel ‘passe oug péntportion to be
recei ved t hr opgssibleewitdc ailargey taipk supglyingt fowt &R 08HP RF ¥he FasELsaM an
eventually fed to the main conbustion channel. However, with the burner
appar at us_ hav xRt Hdat et @€ $heifivel which dhasoheero|supplied rfoani the, supplyhe | ow

conbust i | o nditjon, if the amgunt qof el i ch passes through the
qlit-1i klyopeﬁg%‘gg‘g% ﬁh%' §PER, PoEion %’8&3\?580%1?6% gﬁoﬁé pIYInLGReRIRS info
eventually re | %_n%t' eyl S smal l .t fuel -.air

m xture suppl iﬁg@d s?;?;g%ﬂ?ﬂr?e%sﬁ I N ﬁc%ﬁ%ﬁs (?2'% lglﬁansr@%%fooqeﬁgig:gﬁbet@&%n
section beconesmbustidhichansél. t h@in tley 8therfhdhe WhekAta ST RRohSIeadsSt abl e

flane-stabilizing conbustion, it
operation is to be effected with reduced combustion amount relative to the

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.



beconmes inpossible to ignite this excessively thin fuel-air m xture, thus
30 | eading to exhaust of unburned conponent such as CO 3 ' )I&\lﬁg‘?mﬁ
Incidentally, the equivalent ratio represents an anount i ndi cat fve? gr-t
concentration aspect of the fuel-air mxture of the fuel and the conbustion
air and this is defined herein as follows. equivalent ratio = (fuel
concentrationlair concentration)/(fuel concentration/air concent ration) st
Each concentration, is r%[?resent ed in the nole val ue, and

concentration/air NGHEERY.afheBAuplent ratie neepresenisajant aaouaﬁ ﬂnci'%ﬁtws offhi s
theoretical .fyel; d'gidc;r}és?)tebpoftﬁefugPaIFRIQ&Lﬁ'Qtorfﬂéfﬂgl drdlth Petween an amount of

fuel and air nee conpl ete oxi hat anmount of fuel.

Dl SCLOSURE  ghmibirtioh MyEINTI 16N isTieined eein Adfoubwyv of the above-descri bed state
of the art, in the burner apparatus having a fluid control construction, an

exanpl e enbodeqmnalentf réte pr edfenlt iconeattiabon/sian @mnoentcaioa)/ (e hni que whi ch

~-al-l-owsrestri cti-on of -em-ssion of - unburned conponent even when a - -

| ow conbustPWQ”HQEP%@E?%B‘F@“O@@ffect ed. According to an aspect of the

blurali ty of conpuEtt eeharerl Effeeir@i fia mOCREBFLIN " "0 ©

oxygen- cont &oRédHir=Ai88/ak OMREMERIG dt shahesRtGNe.d-BR raRSUlth@nt fuel -air
m xture is supplied to a conbusting section to be conbusted therein;

wher ei n sai dhexaefical ﬁmhb:us;:tnoomthetmnc@tramunkallde&t\.eeesw'pdamom'rg oportion f or
supplying the fuel; a supplying passage is provided between the respective
conbust i on dvelRnEal neered ENJﬁ@ﬂnpﬁemfﬂcﬁ%ﬂ%@é@%@mﬁ@t@mﬁ'gured for receiving
a portion of the fuel supplied through the supplying portion to the one
fuel conbustion channel and then supplying this to the supplying portion

of the next ﬁ%égggﬁﬁ@)ggt—p@]m}'{wqé \y only when the flow anmobunt of the fuel

fromthe supplying portion1s above a predeterm ned critical flow anount;
and conbustion | oad adjusting nmeans is provided for adjusting conbustion
oad through Therefore, in view of 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 fliow 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.



adjustnment of a total supply anobunt of the fuel so that the flow anount of

the fuel from the supplying portion may be contained withisgf a%@g?@{]ﬁ
enconpassing said. predetermned critical flow amount. 4 - 8 A 05 In

t he exanpl e enbodi nent, the burner apparatus includes a plurality of
conbusti on channel s conprising the pilot conbustion channel, the nmin
conbustion channel, and so on. And, in this burner apparatus of the exanple
enbodi ment, in each of the plurality of conbustion channels conprising the
pi |l ot conbusti on chaimthe,examplenambodiment) utheibomer leppasitys amibides @oplurdiityere i s
provi ded a sugﬁl yi ngthsp_orti on for supplying the fuel. And, between the
respective confuSRMBKFliehathsenels eanennsings thy Glptdeambustionppiaingly thasHatfe

capabl e of recegjvi rii f the fuel supplied through the supplying
portion to thegoo"YnBedgg%'g?rpa 8%%’2‘% A channel conprising e.g. the pilot

conbustion channel angqtiiems SRR b atl oPtHeQxaRBISHRNAMES, PAdcheptf the
~pext--st age-conbusti on channel -conprising e:g. the narn combusti-on channel .
Ther ef or e, i n plungtityscoptbeisiorberthinmels tcomiprisind éhef milotesmisistige cloarmiay Sthe main
channel , between the supplying portion and the receiving portion for

recei vi ng t he comgestionchanmelcansh gapryithrie frarrexided arsyeplying Poftipnfedsupplyiiisen
portion open to this ustion channel or, 6 a passage ith the entire
bassage or a P Iebrrad SRR 88 Repetve iR TaBs s Do i GoBRot e 1 ke
and bei ng par t,ghilik st d worli l e
cmbod: mont -t 2" Ll ok ok e oF PSRRI 2 RoRRA e AT SopriBa PG
suppl yi ng passagsyipg peortite @ fheudrik aenicombusivnsthidnetl edmpring efd. ané ipiigt t he
above-described fuel distributing ratio adjustment by utilizing the flow

of the air (aso@kusighechannel@oddben sopplvingithig tedhe' Jupplying peytien of ke next-
forner-stage en rtion. Wth this fluid control copstruction, there can
be realized as%@rerﬁ’@%%u%’ﬁaﬁhéﬁ@% campemmgo% 'PRE CRMPHSHARERENDE! t he

distribution ratio ot el d alfifs oABbAERRHAL idiher 3388 brBlSdh"e

pi | ot conbustion channel bdase
channel, between the supplying portion and the 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



conbustion load or the like to be effected easily and which al so all ows
increase in the distribution ratio of the supply amount tgQ the conbustion
channel such as the pilot conbustion channel relative tO“Bhé‘U{éxﬁ{}[é't age
conmbusti on channel such as the main conbustion channel, in - 8 AUG 2005
association with reduction in the total supply amunt of the fuel. Further,
in the exanple enbodinment, with the fluid control construction of the
bur ner appar at assdsatiomyith heluctiar iathetotatisapplg amsutws theofnel. t he shapes,
positional relationship of the suppllyiw?g portion and the receiving portion
HREAMEP

of the supplying pasygber. Enthetexarm dimgnbfwithHbe diuid canyel epstidelion ar e
t, t hat fhe fl f ot fuel lied.f th | yi
Sortion to the BRniiGe: GROYALbM hea PR ERe T ERE: GoRyUbEM R SHeBRe

suppl yi ng pasmgiﬁ?ﬁaﬁ BeLOhid BE Ry a%@qﬁg%eﬁien%tihwfecwév @dmtﬁ el | the

supplied fuel be carried away arr oW 0 stion
~~channel-; t-hen soppipigg Waskage aed Heafbw tsheed bp ey Aif Therpifanage apddet, @0 thaie
other hand, that only when the flow amount of the fuel supplied fromthe
suppl yi ng por twhen ectedaneourd ¢ heeiuet suppigdciromi hal surplying aedient fo the
be received i

portion of the s lied fuel wll to the supplying passage
o be feq evorPTRERiPapis haes 1he HGEV 08 PGB e ARG PArRetls RERH o

t he "predet er g b . g Rl ¢ wrefer. fl ow
amount that - cosPpgienpinb8entcaP R BN, o T ARBREFLCAMIEE Sk 1 01
combusti on chamneir flBR\Wf Mes BRblstidnCthaARGIT Plen HRMYL UHAbld Rrelbh &t $upplying
constructed as e.g. the pilot conbustion channel, the fuel-air mxture

formed in thi passagebarst, i on thehatieelhand,| thahoniyhaben dwe dgui arabenit ofr thei foel

exceeding the upper, flamable Iimt. And, in the exanpl e enbodi nent, by
adj ust ment of SHPiIieEofiistheo§UPRIYAY RITHYIL Freerfisuhendrrdelamingd cdlical fWppi v
anount of the 0.t hat fl unt, .of the f supplied fromthe
suppl yi ng por taﬁtbg'hjt’% Q%@&C%ftntggssfj P@?rlgdgHan%Jélbeﬁg?f’i“ﬁeg 'Pﬁgthersé@@?wpﬁé S%%lret! on
of the SUPP'Yt@Bémrenquﬁ’ybeH@Héf(tL&é‘%é Qsbuatlbrn'slanngl. means for - effecting

t he conbustion | oad adjustnent through adjustnent of the total supply
Incidentally, the "predetermined critical flow amount” is intended

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



amount of the fuel can effect the | ow conbustion | oad operation by
supplying the fuel only to sone conbustion channels for effecting the
pil ot conmbustion. And, in the | ow conmbustion | oad operatgﬁn S @ﬁ
excessively thin fuel-air mxture is not fornmed in the h Uﬂgﬁhg D
conmbusti on channel such as the main conbustion channel, generation of - 8
AUG 2005 unburned conponent may be restricted. On the other hand, in the
exanpl e enbodi nent, with the conbustion |oad adjusting neans of this

char act eri zi nginbormetirceotpooent gy lsetesirictpdt he total supply amount of the
fuel such that the flow ampunt of the fuel supplied fromthe supplyin

portion to the combuSPiBs hrinkand, Wb%%@xﬁmﬂer%‘é@d\m% ﬁ’ﬂhtth%ﬁoﬁpuﬁt}?@g

I d t f | i
Suppl | e ar oo SERENaeAfe BLEE LB B Mg mnirichon: SORARD Bt Spgh '
combusti on | 0gRoARA e 8! s&ﬁmhéa%@fzév@%%t% e fﬁ@lté?.spbf@i Gt theCQIFBlyR! on
~and-t-he-pil-ot--conmbusti-on. - Further, in- thi's high conbustion |-oad’ operation,

t he greater tpatibhdw theocombustion rebahie| ha‘vmrgmhet heseb/ingp byiting gfothei upplyo t he
conbusti on channel having the receiving portion of the supply passage, the
greater the ra@ﬁség@ﬁxﬁﬁﬁéisftbéIDFQCl?tQi@“fFeéc@iW@d*OWanBOlﬂﬂ’Ge’[thfp?JIl§/ suprlisd alse. As a

| he d b f the h 219]
channel such 53t hevisteap ESHBUSH sherirhiinerceddhe R ehtuabliosFoREbnr at i on
W th increasgy pe bftdPh@ PétHQIPé %aﬁ'ﬂ&%ﬁus@én érﬂ?thfa?‘ﬂ%co%%ﬁér? dhert 1€

distribution ratio of the fuel to the next-stage ustion channel can be

decreased in thisskigh abimbdsiirt IBad dperaies ethe Prdaier i FRWyardomu s ted fuehgomuel .
Therefore, in the exanple enbodi nent, in response to increase in the flow

amount of t hethewspplying portiesrtowes dembistion @b@met éaw@g thegeeeiviag partioh of the
conbustion Iload, the dis rlbut{%n ratjo o uel to.the next sta

conbust i on chSARY PRSSRIBethe; grepien dhg) ratinsofy thPefé'ﬁll fto bg r'ie‘i%‘@dh'm?n hesiHpR t| on
o oDt opasghbe g BTeS MBI RBuch 03t beink At 4 Nk Qtige o Bl

conmbusti on ma eas Int _ t1on eratlon
when t he conbgrgnnersucaad the masl @mbiation Bhiel ddhed iHeleas@in ale.eocﬁa:tiaﬁ lwited

evenly to all the respective conbustion channels, so that | ow NOx
increase in the total supply amount 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



conbustion operation with thin pre-fuel-air mxture is nade possible.

Thus, with this characterizing construction, with such si e, ca truction
in the exanpl e enbodi ment, there can be realized a burner%p‘%dg% (hi ch
can effectively restrict em ssion of unburned components at the tine of

| ow conmbustion 7 - 8 AUG 2005 | oad operation and which al so- can achi eve
high efficiency as well as | ow NOx em ssion over a wi de conbustion | oad
range. | nci deroad bperatibre abdrwhich alspamatachidve Hitie effichmply asendbds fEnNORY

i nclude nore than three conbustion channels and the above-described supply
passage nmay beePEYON A¥RI sidgsambustionleadyangeve combusti on channel s, thereby

f 1 | it f.the fl.ui trol ti . Furth inth
formbg o b ural 1 el ol pep el one et b e "
openi ng acti NehcARieTRbrE tF4HPRFE RIS SRl a‘%drtﬁ&g?a\}e% c%ﬂu@ﬁly‘c or

receiving the fuel of the supply passage, there is formed an op portion

~-open- to-the coaimagtiny whponided beneden tsiiepbydtivg cdinbasionahanihel$; ieerbbye! - from -

t he supplying portion to the open portion traverses a flow direction of the

oxygen- cont afHiiiy yelsrality affiee gtp@ﬁorpimimrmﬁr.ucm is, in the exanple

enbodi nent, in the burner apparatus {n the conbustiqgn channel, said supply

openi ng and said recEF@?eﬁg "83@%&%‘3”‘8 e CEPe e 'rhﬁeg'B%noiWeo‘ﬂ)eﬁﬁﬁ?t{qnon to

each other an ; ] ' - [ tion
dbSRABENRRY §u5%§nﬁ)eeﬁ’afn%%;chﬁé %QSEB S@Pﬁlgggfoﬁq aeﬁJ(;% réé:'efvﬁ?;t

traversing this conbustion tween en portion

whi ch is provigetingsoreregeivingsthi trudli dffethéaé@l;)ﬁ@ pausEBSl. thEt IshRfmed BA dpepl 1S
supplied, along the direction traversing the flow direction of the air at
the open por PPGAN pertdthemombasiinehagnelpend agupplyingutifectidneofdbep filey fromeni ng
into the open, portjon exposed to the conbustion channel. And, in the
exanpl e enbodFetHPPYINGPAr TR 19, e OReR ReTtON diavershe & Havediresien ohBiet®yEeR | | be

affected by t : | . the conbustion channel ‘traversing this
DSah SR 1 A g

slit-like open po g. the flow anmount of this fuel is below
That is, in the example embodiment, in the burner apparatus in the

combustion channel, 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



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 si de
of this conbustion channel, instead of reaching the receL&%QQAgp?p QQ On
the other hand, if the flow anount of the fuel having flo he open
8 - 8 AUG 2005 portion exceeds the critical flow anbunt, a portion of this
fuel having flown into the open portion will be supplied to the downstream
side of this conbustion channel, whereas another portion of the fuel wll

reach the rece|V|ng opening to be subsequently supplied via the supply
passage to t h”é’ f?é‘x?xc%‘ér‘g@ec%ﬁﬁ%l WMot o Rettion IIUr“%'ﬁ @fe' haying ﬂ@W@wﬁﬁ’F%

extendi ng. al SRg oL S RREledlb bR SpmeERl e ot e 58 BhSlont Rtk he
open portion WHér@ass ABIher RN of SAe Lot v&nh' rﬁaé’rLrthé %cé.tnggl afp@ﬁrt%e% bde

fuel passing this open portion. As a result e distribltion t he fuel

~t-0 -t he-respecubseueotip usippl- vatiesupply  bassabbetet @tk Jeabdtyge Tdramiisose, 1n-

t he burner awﬁaratus having the fluid control construction in the exanple
enbodi ment , pRMelcan supply the fuel to the respective conbustion
channel s including t hanne t he nai.n conbu

?e ot conbu tion Hﬁ
channel with the di HF‘F%’UH‘BﬁGF%{?ﬁ’SeHHiO W9eRLRINGGHNG QBFY P ?Plséﬁo‘f' eto,
thereby to a%h!h%‘f@rm bES LIl 'eﬁl%h@lﬂ g%egﬁévf?ew&ftloH H R ﬁﬁ%ﬁpgﬁﬁg%ﬁeﬁttot he

time of the | ow combustion ration as well as't I Clency

and | ow NOX e sysanQrortorein aastidbldﬁianﬁ@ﬂ’@blﬂidtﬂﬂsblﬁaéh étaag%ﬁe&thﬁefw assing
conbustion and the pilot conbustion at the tinme of the high conbustion

| oad oper at i &Hs epgn p@fb@leed\sﬁ F@Blllly therdistrihelion dfrihe huel toxberdseedivieodi nent, for

t he burner apparatus direction of the fuel fromthe suppl yi ng
portion to tﬁgmbbﬁtiﬁ’”pf@fa??’gﬁ‘qyyeae%ﬁieﬂéﬁq5bn toward the upstream si de of the

flow direction of thqhggéy&grl (ﬂ%tﬁh&h@%a%s hﬁrﬁvﬁgdﬁ ﬁhl'c%ﬂst‘r\ﬁ]ﬁlﬁﬂ?rl

Nanely, in the burner appara us 1n exanple
the example embodiment, which can supply the fuel to the respectlve combustion

channels including the pilot combustion 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



supplying portion and the receiving portion of the supply passage _
constructed as the fluid. control construction, wherein t"h§ I;;’ﬁﬂb
direction of the fuel fromthe supplying portion to the open portion is
set as a direction inclined toward 9 the upstream side of the direction of
the air flowrelative to the direction normal to the flow direction of the
air flowng in this open portion, in order for the fuel having flown from
t he supplying portion into the open portion to be received by the

recei ving portion of the SUP | y passage, the flow anount of the fuel

flowi ng from theershigspl sidag rdifestiomeiethe airdlowerelative ta the dgclioroeimal it ¢ he
fuel can pass en. portion ainst the flow.directjo f the air.

Then, ‘i ne A fipy SPGB Mo AARRSTH i SrsPotith o Bidelir Foo bigT ¥
-which is the t S r J 0563,1,5' I e ALyl r the
fl ow anount ofﬂegvﬁe@hglhggéudggllyif dpéljﬂgnmh?tﬁgt hguppl yF!r)\'gB%c}rQ?% oﬁ&ﬁ)‘%ﬁhgéﬁﬁn
~porti-on-i-n-thecdiving pomibuif irensuppidpagzaget the flotadmbent g tthe tuebaowiag dtonvely -
high. And, at the time of the |ow conbustion |oad operation, introduction
of the fuel sipPuRYIRG Perien needdhinsbe sHelt Bdlomeamoviidhaet theduel masipasadghe

openi ng can be effectivel, eyented,. therehy to effectively restrict
gener ation of OBﬁBBP&'@Bagﬂ'ﬁf‘)@h%ﬁ?‘gdﬁﬁ@'oﬂ“c?? ea"}{suppl y of small anount of

fuel to th b ast : j | i
uel to the su Sequerﬁrﬂp?ﬁ, ﬁg%&%ﬁﬁé UhHARENE! thd™ tbgéc{bﬁéerm:rté& E%a?‘ﬂ. r

apparatus in the exanple enbodi ne in addition above-descri bed

char act eri zi ngarh@att Whizh i$ tedhdRel Yalig f§rahé high mbaktior] 886 bpéragorsfoPle)
passage conprises a supply opening which is open toward the upstream side

of the flow diffoscamountef thehebsuppéed tromt the supglyigapodiontth hec opdyugertiom in
channel. In the an | e enbodi nent, the supplying portion for supplying t he
fuel received % 'PHEPrRRISHPY I93d Seartion 5an he SaidR pedeighively Rt dtd. ShierEifhel

o St S Yo RREMBRINED b RRST IR O M SIS, By e

direction of tdagnbistiorl Bharini fowkedlids Fd@Nifhapdtig ciN bl dridkvely PRvERRH, from

this supply opening wll flow against the flow direction of the air.

Ther ef ore, i n thérebndateihly certiicisgeremtion of unbumed 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
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channel, the fuel and the air will collide against each other to be m xed
and stirred naturally, so that 10 8 AU G 2005 the fuel nmay be dispersed
al ong the direction of the cross section of the channel._Jg %@g35”§%i in
t he exanpl e enbodiment, it is not necessary to provide a hu 0 upply
openi ngs" of a small dianmeter in order to achieve uniformsupply of the
fuel. Instead, the aperture area of the supply opening of the supply
passage may be enl arged advant ageously. Hence, there will occur no

si gni ficant prﬁé ure loss in the course of the sup%#y of fuel in the

suppl y passage | ey bgidispsEsedelpnadhe direstien of they cregsySestion efrthe channek

next - st age conbustion,c | . Lncr e tilizi .Lsion
bet ween gi r and fuel. inAﬂ@%]wlg)ﬁ ﬁﬁ%?ﬁ%&{‘?‘%ﬁﬁﬁﬂ“%e“B%Pﬂipg%sgé{pgf?@i&%wng
the fluid cont mmbeESNRibpCpbMRgS VTR drddiNTarh8Rr FLRRENLRRROE Lh@dm SUpBly of

receiving portion of the Supply passage and son on, in the supply passage,

“-af -appr-opri-at-e iy sk insteavathe dpertapphreacf the dupplydipeaitiyichthe supplyt pessagpplay - -

opening to the receiving portion by means of the flow of the air opposing
to the supply &periaiged ofvantaggensiyridencgr thesppill ecpuf pemigriisantpiggsye dfsnnng
to the receivi side. in the |ow . conbystion |oad operation,.th

redeter m ned A 065 of sl ey G i e pBy, et Bnd edmisine eares of e
high conbusti qRyllaparix@RErPihk Hext-§i85e BRI @ﬁﬁﬁ%tmﬂ bb Rerbatily bﬁ“@tﬁﬂngd
fromthe supplying portion of the fornmer-stage conbustion channel to th
recei vi ng port ittencollisiy: Hetwesaiait and foel.rel ati vely high. Hence, at the tine of
the | ow conbustion | oad operation, introduction of the fuel supplied to
the forner-stage convissin enmbinatienavithitbehurhet dpparatve having thedpéchtardrotan be
effectively pr event&aI to effectively restrict gr[ener ation of

d, thereb !

unbur ned conp&RBFHUYS %ﬁorf‘ﬁr'sfrf%thgﬁtlﬁ?'iﬂ”%f’og'ﬁﬁi e LeRsIMNG R '‘¥el to the
Sanssient” P8 SORSLLER IR o e LIRS ool B Ry
amount of t he bbugplicliphd @ebcliooMdriBe SWIIN dpaMthgretiid RBeilihg portion by means of
the flow of the air opposing to the supply opening. With such pressure applied from the
supply opening to the receiving side, iﬁ 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



8 AU G ?fog to the former stage conbustion channel will be adjusted in such
a manner that at |least a portion of the fuel supplied from,ihe supplying
portion to the forner-stage conbustion channel may be redéﬁbéﬁUEhBEQ%he
supply passage by overcom ng the pressure applied fromthe supply opening
of the supply passage to the receiving portion. Mreover, since the
pressure | oss at the next-stage supply opening is snmall, the flow anpunt of
the fuel to be supplied to the next-stage conbustion channel nay be
effectively increased in association with increase in the conmbustion | oad.
As a resul t, 19 Hhe fpaneritage ombustiohchannalovill hg @diustedrie sugh @ B1aRNeLvpt 3t least t he
fuel may be f r .unproved. .Further, in the exanple enmbodi nent in

addi thom 1o e SREBLTPpiT o T plPulgoolt TP e FFBR S RS terppon
passage is 0 s { tyy ;
oxygen- cont a?ﬁﬂﬂfﬁg b:é?ggﬁ%%% ?@dﬁﬂﬁgb%(ikggse%g%ygﬁg%o |9?rtgtr=i[b¢ esasu{)eo?wlgcrll of

~the-supply péssate supphpeperiing bhéhe Supplie passage ao Nhage@dings Ppiby Mordpoert i on

where the oxygen-containing gas is supplied. Wth this, air can be
i ntroduced i fthee thRePregRYE Jogsaaidhe aexicstage supphcenening iasmalpthedow ameunt of

P R R A R
appropri at el Ync_ré%f%@@ﬁp%gs%ﬁia%h w@h%reatsg% frd&onlbtidh 1544 S ef)nfesﬁlrt", tﬂeﬁM@&at e
equi val ent ratio may be ornmed at each conbustion channel, so that in the

conbusti ng segiidsim effebedidetslth@imiforii subply of fe idlen811Y RRéAIMre@di val ent

rati o may be conbusted for restricting generation of NOx and unburned
conponents. Furt her, Funtharho thexexaphpde embodimepht, in additvnde Her apove gesdriplionf t he
supply passage for discharging the fuel to the oxygen-contai ni ng gas

suppl yi ng 123BleAgiE paseen ?fd‘?‘gﬁw??'!f RAsSAER IS ¢PeNHe 2B PR AT SUBRIING PRAEN

upstream si dﬁ:hier% thg%é;ieﬁ‘\ga%éﬁﬁgé %%%S%fuﬁ_b’ré%-a oxygen-contai ning gas at the

oxygen-cont aining da _ _ i"on: nmely, in the burner apparatus in
the exanpl e enbodi mepithé BxNMpIERmEBIRASL! £PorBbn bitRe SUPHY Yaf2ye dd8pdrStoqReN 1O

t he oxygen-contai ni ng gas suppl yi ng
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



portion where the oxygen-containing gas is supplied, the oxygen-containing
gas supplying portion includes the discharge opening co nj cat a ith the
receiving portion of the supply passage and this di scha;g AH%& 8%1 S open
in the direction inclined toward the upstreamside in the flow direction
of the air, relative to the direction normal to the flow direction of the
air. Wth this, to the receiving portion |ocated on the upstream side of

t he di schar ge mapiéon ingpert intthe diegtipnytoparsishe epsttdaer side & thp fiowetireaticsl of difet

resi stance against the fuel flow due to the pressure applied to the

di schar ge operfP¥ge'h§ONBBING 95% abtherhygei-FORtAININE gas SURRIEAY BOHPAI ni ng gas
suppl ying portion. Thergfor in.the | ow conbustion | oad ration,. .the

ot edet er i had cr 1t cal \IEW: HBRARRRPEAERG 1§ T SArEG ST ACTRRNE I e

hi gh combusti amokbs RESRblyPassa istopén td AW APENEonddinih§ §as Q@ﬂpl;ﬁﬁt{)m i ed
fromthe supplying portion of the fornmer-stage conbustion channel To the
~r-eceivi-ng por podion where the ospdert-coriteining lgas isveipplidi, ghe odgearahtaiding gad- t he
time of the | ow conbustion |oad operation in the exanple enbodi nent,

i ntroducti on 8¥PPIYIRGPertian Nslyges thegdisehargreoesingeiomniticatedbwiu e repeidhginnel

to th i Vi i f _the. . b | at el
checked, so  RaoBeh P el et Gttt FEBARBReRco harerg” TR GE y o
smal | amount  plidddebowhy t he next-stage combustion channel may be

effectively avorded. In the exanple enbodi ment , the gas turbine engine

i ncludes the tHewipsaeardpRiNiAthesTcws difasdion ob#d abatfivarsitha dirgetdrne of the
engine is rotatably drive .by kinetic energy of conbustion exhaust gas

exhaust ed fr oheinta thiredlew digplioreefile ait.3 Witlsthisue the oeceNamg:pgriion he
B0y eme g i ARARE Hle b e ring P B el o e
o e el REkbios St eAe AR08 B0 I VA b |
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 for a gas turbine engine. Such gas turbine engine can operate
over a wde operational |oad range while maintaining | ow é\l%\ gduction and
high efficiency. Brief Description of the Drawings Fig. "1 LLDSZ[HE Vi ew
in vertical section showi ng an enbodi nent of a burner apparatus of the
present invention, Fig. 2 is a front viewin horizontal section of the
burner apparatus shown in Fig. 1, Fig. 3 is an enlarged view of a fuel

suppl yi ng neans of the burner apparat us shown in Fig. 1, Fig 4 1is a

hic di h shi f t d
dUppl'y cond! 1 ons. of NoHEV o Pire AERNp AP ST ST SRR | ADRRTGUSL M LNy SFametean
enl ar ged Vi ew il lytip ARG 0 5 Ghretoltir R oRPAMIALY SABEE Ul 10 1 ©

a further enbodi nent, I'S an en VI ew O I Ng means

of a burner apmueﬁdmsmaacmnger@rt Beaudedr b afse®H20di Plbr abpiratud fob #h Vi ew
showi ng a channel |ayout of a burner apparatus according to a further

--efnbodi ment ;- aitEirErgior ®r |esaraplem Hawehewihigappasathe irparicWanhsusafidtasonbahet he -
fuel supplyi ng‘a ﬁ{ss of the urner .apparatus shown in Fig. 7. Best Mdde of
Enbodyi ng t he PRYE i8R a gasguiRing - orsine- %&%HW%?”Q&\”%G?W\@Pe"&fﬁpa\‘%t%s

relating to tnﬁdé)ro%éﬁd%nil' [R48TH-88 Whid nt?aeintg‘?x rﬁc@f%@?’%&@gﬁ“ A "high

appar at us shown for “dse 1n

parti cul ar. Tf@mm@@rat us |ncI udes a gas tube 1 defining a fuel 5 channel
30 for receiving fuel gas G (an exanple of "fuel") which is city gas via a
fl ow- anount adj usting valve 21, an inner tube 2 defining a second

Brief Description of the Drawings

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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channel A2 as a pilot conbustion channel surrounding the gas tube 1, an
outer tube 3 defining a first channel Al as a nmain conbustion channel
surroundi ng the inner tube 2, an air supplying neans for s | i s A 10
(an exanpl e of "oxygen-containing gas") to the first chann:P@Al)g‘[‘g@ﬁ}t[@e
second channel A2, and a fuel supplying neans 10 for supplying the fuel of
a fuel channel. 30 to the first channel Al and the second channel A2. In

operation, the fuel ﬂ’glsl? .and the conbustion air A are supplied to the nain
conbusti on channel a ntstof canbuseroappaaine | relatibg i thel presehe 15

channel s to pr:yj wel -air .mxture, which is conbusted in a conbustion
chanber 15 (anﬁgélgﬁn%x?g&]gge'(%g%}f%ﬁ%' section"). The gas tube 1, the inner

tube 2 and the outer At @& e ' g%(ggllg- xi gl 1.y shown in.Fihg. 2
That is, the first channel Nﬁéﬁ{ﬁ{é@gecon lﬁgﬂgj_h?us %Ea'gsr?dﬂ}&égg Sugl_f‘rlbglﬁeannel
30 are juxtapeseine ROpattdcudar. STphypaatieanduds @ gABA0Be 1HMPRS Akl he

~ap-r--A-i-nt-o-t-he_ - first channel A and the second channel A2 fromone end - -

thereof By medhannek3Qforrceiving fuel @ds ddfan esswple of Fuel’) whidh isTity gael
Fuel thannel 302 PhOBF<EPPER PORSHBE LYY (2 s encmBRREbAR SPRRIDEDL ool
TR g, 2 and TEracl 42t 8 gty K bukhT chiBhel BRI P TR s PR 4R T <
Dar i Clar Ty, The cusl Sunpiyeng. meanuendrAL i & HRaRf EORbuRigy a7 °
(an exanpl e ourroupgding the poreri tuhe)2, faor aiumplplying théuns foesugplyife bor A8 AUG
2005 of 1, Y8k Snannel 0 Lo on, cpen porticn 9 of Lhe second chamel 2
\%Tch i'S’ one "L e % 881 ytopkhes g A
thereof a recghyA%HARGR] A9 8nd A b Sipplyitg Belss LHH S?Jpp jr;i%gftﬂglﬁle Cor G
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.
( 20 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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~-gas-G suppli-ed to the -open portion 9 is-supplied-to -the-secon

supplied to the open portion 9 only when the flow anount of the fuel gas G
5 ~ supplied to the open portion 9 fromthe supply opening 7 gxceeds a 10
-predetermned critical flow anmount. Further, the other end appl y
passage 6 is forned as a supply opening 5 (an exanple o f the "supplying
portion") which is open to the first channel Al which is the next-stage
conbustion channel. Further, a plurality of these supply openings 7 and
supply passages 6 are provided at eight poSitions in distribution along a
peri pheral di riédheduelchanael B9 tesoupentportiend of thehectnd shamisd dibivhith and

the second channel A2. And he en_portion 9 and the supply passage 6
are construct éd s c%mEBS-A*E%}i@GﬂPgﬁﬁadc%rﬁqp@ﬂy Peasagey 6t haying sefcongiend t o

this fluid co d L UGH | e f| ow _anpunt of the.fuel gas G
suppl i ed from&%l%géoft]?glrg cEa n@é@ﬁgv%&?ﬁ%&&%glﬁ/p& ﬂ?n‘got}lei ﬁ{‘% g4 “open
portion 9 is Isabplied 16 thobpee b6HIBS Gnky ivhifi The oMaABRHAbY Rl dePhad e fucl
; cRannel - A2
Wier eas, Swhen subplied | towthermpen portidre o detim e Supplppbp@dnyi B ddeeeds!pP! Y
opening 7 to the.open. 20, portion 9 exceeds_the predeterm ned critical flow

amount,, a por¥edsie Eﬁlegmfiﬁﬁl floys ammunip pFrether.othenethep end pé the snpplyi s
ived by t 6 t hen. lied vig t | '
St the ti Ropuh s RARRAPRS & affiiy|oBphing:B e oo of e chipelyine |
det ' d o’ t t
predet er m ned poffién’y akhichOl o ¥8 tths oSt %h%iﬂfngé%ﬁugﬁéghg‘é% gﬁ?gﬁ&tﬁgﬁ%eve”

when all of this critical flow 25 anmount o Su dto
the second chasmblistidn chhanélue Fugttser/mglufityosmiddsd Bup Zhaanel A2
wi || not, have a val ue exceeding a upper flammable limt equivalent ratio.

The opert®por t FBRPKY R#wRges brate pryvidedsat kight msitiorsl inc disttibution @longs a
TS 1 ARG, o AR s el 1
the 16 second channel A2. :
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 amoﬁnt 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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-0 -AUG 2005 supply opening 7, and the supply direction of the fuel gas G
fromthe supply opening 7 to the receiving opening 8 is se%%n ropak BS t he
flow direction of the air in the second channel A2. In thé dgﬁﬁ%ég ron 9
of the fluid control construction described above, the fuel gas Gis
supplied fromthe supply opening 7 to the slit-like -open portion 9 exposed
to the second channel A2 in the direction toward the receiving opening 8

side. And, the fu?l ~gas G _havi ng flown into the open portion 9 of the
second channel SURPIXPPENIBG 75 and she gubplytdivectionwf the fired gas € fRomf thishappéy ond

10 channel A2 | ng theough .the open portion 9. Therefore, when the flow
amount (the f|"3’3"’v§“§%8nﬁ° herrereivmy 6&%?& si setinormad b the aw diregfdon of
velocity, singR diPf SRS EC 1o the supply opening 7 is fixed) is
bel ow the critical flow amount, all of the fuel gas G flown into the open
portion 9 will not Teahb dpep s@¢iehvd B thEeMiiAdcditrdl bASiucitid 'deRE5al ri ed
—away -by-t-he-flow of the 15-air A-to-be suppliedto the dowstream side -of

t he secortl chabeEe, the fuehgas Feisotuppliet dnaim thieesmpiphye ofdroimg Fniouile €ft-lilke f uel

gas Gflown into the.grggn gor ion 9 exceeds the critical flow anount, a

portion of thi®PeRRport: ortgerseesisd shannel A inghe disctionhoward the be
supplied to t M%Erﬁﬂ[g e of the second channel A2, while a further
portion of thtei@?ue g S g 8?1&%20 reach the receiving opening 8 and then
will be supplied vi aAhBetisd AR YeasORSRI g T Nehel b 8! oAk |
Further, the burner apparatus ?/gncl udes agsovgaﬁéﬁclﬁr?bﬁlseté%% Pglggﬂl gd?fﬁ%)tel ng

neans 20 for &bfanck chanredjAR wiktrite affectedribystticoflowaddhatait ACof SeTRESHIANY
section _15 thrgggags‘tgéust ment of the total supply anount of the 25 fuel gas

to thd%uppr [Pag@ingthrengis thst openeperteon dnolimreforg, ushém the datwe 21.
And, for effecti oW conbustion | o eration, this conmpustion | oad
adj usting rrea%}sﬂo%gl,t%éﬂse @%‘&ﬁﬁ“‘?‘ﬁ“ﬁe _rrgfg%gggeng A1 Broporidem i theavielaeity.of
since the aperture area of the supply opening 7 is fixed) is below 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

17



the fuel gas G so that the flow ambunt of the fuel gas G supplied fromthe
30 supply opening 7 to the open portion 9 may be bel ow the predeterm ned 17

- 8 AU G 2005 critical flow anmount, whereby a pil ot conbustéontgéoﬂgﬁi s
effected-in the conbusting chanber 15. On the other hand,™ 0P\ B fad ng a
hi gh conbustion | oad operation, this conbustion | oad adjusting neans 20
sets the total supply anount of the fuel gas G supplied fromthe supply
opening 7 to the open portion 9 may exceed said predeterm ned critical

flow anount, SHéEloW enaewh sdherdly gasilas ¢osnlmisiohi glone ds effebtadhin sleeond

channel A2 and tihe first channel Al , so that both the main conbustion and
the pil ot conBRsting, a@lhpﬁciéd i Aoy E}éec i%ﬁﬁsh’mﬂq &rambleeting . awhigh t he

P OV St on, OF | ' deSblsfton T0RR b RLAIE YRS: HmBIIGI0 e H s ARSRAEIES o' R8¢

fluid control construction, “int W COIMous A
excessi vel y t hihe thtidlsupply dhuhnt 6f thel fuePead Q'aBAlLA SoAs thi Al
--g0@ -t-hat—generati-on of -unburned- corrpone-r?tg -maysﬁg’glr estri g%%géﬁplzﬁa{%ﬁgﬁ

the provii on bt theopknglortiop fimay gxeeednsaid fredasarngnéd eritical tow a@wdund)
construction, in tge ﬂji}gh onpustion_|l oad operation, as the flow 15 anount
of ‘the fuel gaEReEEPYShe s BoRgasHa 18 wypried pe hpily the setondt dhannep &2
portion 9 incrgasas, gl r rds.,,as.the_.conbusti on | gad appr.oaches the
rated combustion ﬁ?)ea%%srﬂt%e rs %&g’ 8? tpﬁfzb?%’eizhegﬁ@%cgﬁ’g’blﬁp% BEPQHR‘%e
open por ti on_ Soirbulstien SHPBIRCtER B ccnbldtih dhamided f51e 1 7st channel A
side increases. As a result, 1n assocliation w Incfease in the total

supply 20 anount of Wih thelprgeisidd of lthedfusl kupplyith niédr0 107 hdResf gl gas
Gto the first_. channel A side for the nain conbustion can be i ncCreased.

T el ke G o ot gt e sane. o L pe epmer farnd %L e
di stri but igon ?g'tﬂi‘a(%m o Weﬁi‘é‘fﬁyttgi? H:@elr?iFéfogqﬁrz?nWhﬂ %R fosmmsd i@e{?}l%ﬁrﬂ’ﬁé
2 Sg (rjg'?i g E?naﬁg}ﬁ%éel%,% that b@ﬁéﬁ%‘ﬁdof lﬁﬂgiméﬁ' c&ﬁsoﬂé&g rﬁgy lési'tels&'?cttlecgad
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 increase 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

18



conmbustion load is relatively low, the pilot conbustion may take place.
stably. Wereas, in the high conbustion | oad operation, when the

conbustion load is relatively high, and near the rated Ioaﬂ§ gﬂng gas G
may be supplied evenly to the entire first channel Al and séc el 30
A2, whereby | ow NOx conbustion by thin pre-m xed fuel-air mxture is. 18 8
AUG 2005 nmde possible. Further, as the supplying direction of the fuel gas
G fromthe supply opening 7 to the open portion 9 is inclined toward the
upstream si de made possiblee o the flow direction of the air. A at the open

portion 9, it becorreE,S possi bl.e to make it difficult for the fuel gas Gto
enter the receiving Sp&EHSYy asgthessuppizing direetdon jof thenfuet rdasi Gafrofd dhe
amount to a r [ hi val ue, the | aw conbustion | oad operati gn and
the hi gh conbﬁgélgl&)%%%%g‘gg}g@r A6 AT BOEUHR Pd4im topard ¢ PPE‘@%WIQ% t he
bur ner appar atrétatfe toilse AFRWFRRE oft . ' Lfechi.: f _the
—f-yel---gas- G-fromthe supply opentng -50-tt§@--t e%%@@géﬂgﬁﬁyg{&ﬁ’l?s%egﬁgs
opposi te i r equissible to irfadkefit difficiilt éat therfuel gds@ toichtd fhd reb@vidyl dpshisgannel
Al and further_the supply opening 5 is disposed substantially "at the
center in the &adioathat; pEsetiing fﬁgﬂ\/&’ﬂ@' cahBowxdsount the rfelatitely higinehlue,

Therefore, in the high.,conbustion | oad operation, the fuel gas G 15
suppl i ed fromt%‘ﬁg"?&%ﬁ‘i}ls&ﬁéﬁf’ﬁ ogenation a?‘? gﬁh cambrntionsoad spematinst t i on
to the flow Ofméyh_ﬁe%{w!itcﬁeag gaused to collide against the air A so that

e

the gas nmay be distribut In the radial direction as well as in the

peripheral directi dfugthethevith ridle BliaidielapPhratiBr 60 VRS eﬁ'ﬂﬂﬁa Eﬁ@ gpoply
opening 5 is formed with such a posture 28 as to supply the Fnl}e ’gas G in
tthe di rekdi on suppiving dingctips of Samfusl gros 6 fioe thé boppli opentriHb tothé fieswi 1 A

in the first channel A. the flow of the air A opposing to the supply
openi ng 5 can cgglg;p@ %ﬁll%bgﬁ BPRIsHe Rtto ghe flow direction of the air A in the

first channel Al and further the supply opening 5 is disposed substantially

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 A1. |
Moreover, since the supply opening 5 is formed with such a posture
20 asto 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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pressure fromthe supply opening 5 of the supply passage 6 toward the
receiving opening 8, thereby to apply an appropriate anpunt of resistance
25 to the fuel gas G entering the receiving opening 8 from t=hig Mﬁﬁjﬂﬂf’gion
9. Accordingly, in the | ow conbustion | oad operation, the predeterm ned
critical, flow amobunt at which the operation is switched over to the high
conbustion | oad operation, may be set to a relatively high value. In this

way, as the appr%ﬁ%i‘ati amount of resistance is applied to the fuel gas G
30 flow ng i nt8MAStPReAd ppRyabigBit AyPessible o effectivedn pravent the fiel igas Ghe | ow

19 8 AUG 2005 | | gad E % Pt L ble to effectivel ‘
pr event fthga f&&@gg@’qng%&gegoﬁ e .!Ooﬁtr%f'{oﬁble% gﬁlsgpt&em trg%‘?@%fqme? Ivge?/i ng
the recei vi ng thp&bye e&ecﬁmg ek %eﬁ&fﬁ%ﬁ dfginx%mg{u@&’ %Ep(?ﬂ;eegﬁéﬂ]gfg O]‘Bf or 6

unburned conponents. In the Tirst chianne a po
downstream than theld tisd fisstpjhlayhslgANeaisatl § poties EhéroTndROeSAnBLELAST
~-SWrer-11 for -ap%gl-yi-nlg aswirling force to the fuel-airt mxture of the-
air A an@® t hethap|thgdyel sppipinghmeans 10; thereisodispeded nm BrstAdviahat BT fon

intermedi ate porii.on thereof in the flow direction, there is disposed a
second swirle %’”P%F‘ Sf@relé%%"i?%ﬁ) thedgel-pur the aima anddhe el gasct ur e

of the air A gnd the fuel gas G which has flown into this second channel
A2. Wth these swirlers 11, 12, the flanme stabilization of the main

combustion by the f|mmthef, ihftheRbbtid Gt ADERY DenkdRioEd pdalh |,

as the fuel-air mxture is ignited by an unillustrated ignition devi ce 15
si mul t aneous| ¥hegieeh in Hbeafpwi dizedtiom, dherd ds sibpdsedgn fseemrl EWalet a2bfort he

Jonbust iln, | ARBPVAR Biswinis st oithp Sugk e isbme. thont A and dhe Feelsss Lo
el -air i xt Grenib bl Ml M3 i BRI AE, compust ion
With 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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20< Furt her, adjacent the downstreamend of the inner tube 2, there is
provided an air-stage ring 13 for conmbining and m xing a portion of the
fuel-air mxture which has flown in the first channel Al vvitE the fuel -air
mi xture which has flown in the second channel A2. In the figird! hedi)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 further
enbodi ment of th urner,_apparatus of the present invention will be

descri bed wi t f% &rilpvangdberrippadhen fheding|the ramltandduelairtraizburety the
t h0gy: ing .30 gnbodi ment., the conbust i
chonnel 8 for  Poiibdibd eifubdll 190k Mbrisey, 1Y fizo Deibusbitn Sogeeta, o the
fl ow ng ther eis@co’a‘ﬁldcliaﬁﬁihlf@%ﬂ%ﬂé"ﬁréﬁéﬂ%@%ﬂ U‘ﬂdvﬂé er”?lﬁttﬂé %?%(9 ofl3e
co [ e

conbusti on chanber 15 conprises the two usti1on channel’s 0 second
channel A2 andutther buursér apwanmaéhs Acludiagenere thah thee Gaaduetion cHanmnhkher

-—-pur ner-——appar-at us-—i-ncl-udi ng nore-t han three conbusti on channels too, the:

fuel supplyin§odredhs dhek heupnlging cmeans| ofombe r duid ononirhlr emtsérictiong t he
present inventjon .be provided. Such alterative fuyel uppl yi ng neans 10
b T obe descr FhRtRTiring SRy BHeRERE RN S mrViteY. rulieonedha

bur ner appara ]}?ﬂ@\ﬂ' ' N Qe ' : | upply in distribution -
the fuel to tﬁgﬁl’t} ree géﬁ%&?%ﬁﬁ%&%ﬁ%iﬁé&%ﬂsbﬁﬁfi rst channel Al,
second channel A2 afMHetfhel supiplEinghasial 10 BtheMfrfePAppdrathaEhdm iR Fidi S

fuel supplyi ng nmeans 10, two supply passages 6a, 6b are di sposed belween
the third chaprglconfigarad theupplyomddistiibutied the fasidobtentdeee tdomantiond

i the dlopi y hireinel Bie ftidmesl AL, Setosdipmmepbiiond Sieoind chansd 119t
channel Al.. ag ‘

More particularly, in this fuel supplying means 10, two supply
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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That is, the third channel A3 includes a supply opening 7b for supplying

the fuel gas G fromthe fuel channel 30 to the open portion 9b of the,
third channel A3 and a receiving opening 8b of the supply p'agsﬁ\g?‘é@b?ﬁ% 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 opening
7b to the open portion 9b exceeds the predetermned critical flow anount.
Simlarly, the segond channel A2 includes a supply opening 7a_ for

suppl yi ng t he peiafingathecresnestive openeportions fis, @oand theerespectiyosupply 9b 25

of the third nnel ~A3..and. eceiviing openi.ng 8h _of the supply. passage 6a
for receivi ng%gg%a(g?eg i6'§\h6131‘fmttﬁé;fl? ﬁ%?tr%]a(gn raghy ]%?}ngﬁq%eaﬁgﬁe%‘ﬁgtion 9b
only when the flow ﬁié@ﬂl ply
opening 7a to the oﬁggrrl?l?g}rllé gtgnféiﬁoe satti%1 pr egeiﬁg?%ggggqﬂlrsﬁl’ﬁ)gai flow
anpunt . The f flelv-smpphy adnstimanatvd 1) 1hs fogalt ipphp avende st thd edeBéhs G
~-¢ONnst-ruction i ncludes a plurality of fluid control constructions-each-21 8-
AU G 200% i ncruch bt the flewpamonnt ob e fipd rgais dr sugplied thaeusht tiee sesplyct i ve
supply passages .6a,.,6b ith the contro] .constructions being arranged in
series. And, &H%WDEH@IBB%%%?P%P? H%ﬂs@?‘?vﬁ $re t%mﬁﬁa&%,afﬂw’t he
fl ow anobunt adj ' + he_fu as G
ltnﬂle\f‘ﬁﬂg)y g? %gfﬁcétt J@gngPio% c@ﬂBBLH?EHPGA!{‘hPé’Ja ol ﬁiel 't

such that the oW anou gas suppli e ougnt suppl y
openi ng 7b i nfieeltgae GEepplsd thretghhé §upglycaﬁeiﬂiﬁg Vb o8Bk HpBR Portibh gl
flow anount, thereby to effect a first 1ow conbustion | oad operation, all
of the fuel giss s@ppliggbito ethet bhiodgthanmel Apl Adsopevhiang tHb donthmstiba lopdn
portion_9b is Su?iﬁlgi ed to the_third channel A3. Also, when the conbustion
(oad 10 18dj ustiM§tipganeans) 20qdjusts thectota): spply gpreuninefuihe el gre Geel gas

opening 7 i it PRAREEARopE of e bF ko ool Rbnit tHmibbHy pReBRl Y ca

I'th amount  gh4ndd tRe tddh bbRidd OF STREM OprdditerihiledIfRt GriG&R &Y 1 NLO

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 opéning 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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supply passage 9b and then supplied via the supply opening 7a into the 15
open portion 9a is blow the predeterm ned critical flow anmount, thereby to
effect a second | ow conbustion | oad operation, a portion of- & h&sﬁygjfp?
supplied into the open portion 9b will enter the receiving opéening 8% o0 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 tofal Sﬂp |y ampunt of the fuel gas Gis_adjusted so that t he
flow anount dt%tRIphEFngAdion of smbpiead ﬁgﬁlp%@aﬁ@wemﬁw@é eBusther; hen
supplied via n to.the op ort on. 9a gxce t he

PP Hﬂech%“&% gqgﬁ“r éo?xgous%onnl %gr Reaﬁ (h gx?e@é:,vegra E}&E&H ed to

predeterm ned critica anount’,

the open port iRt wlfbirde'h?fhéé&oﬁ@ﬁﬁé&hél%@%%&?g&?erﬁ%gnbﬁﬁﬁbﬁ%
gas I nto

received 25 into the supply passage 6a and thi's f receive
the supply paem@gaeﬁhs vart bebesizigal.i dd additiohebg uppledsingeihiengitio ofmile t he

~ftrst--chagnnel- ‘With the fuel -supplying neans 10 having the - -
above- de rlbéﬂe E%ﬁrﬁ!@&’ﬂl@ﬂ toj the gecopdr amml/é%rﬁld@tmo&ﬂsspuatlonpmfétlon

ly thin 30,.fuel - the f h
and"the. second ERamb i thsies Antendi ok ihiel g s e bk et Py %m%ﬂ%ﬁfe
component s CapndBrin®s t6 kht §eeonTUWHAAGE) Az'éhé bSe PREQ ﬂorma Uﬁ{atq | oad

operation, no excessively thin fue -alr mxturei1s s&tond

channel A2, siNOXapegeint & nemeofossibbelr MMdreoverhionen ﬁlé%amﬂ@ustﬁﬁ Ida@t ed.
In addition, by increasing the ratio of the f Uel gas supplied to the
second ¢ han ne op@ationg asithe ewaunenntod the fhel gasd® @areases, irhathét ewrdsyasnt  of

t he fuel t he, f uel G n.be supplied unlform to the second
ghannel U5 anthe FEmbipon Sl aruronches 4o rhiad rombwesonisatattieois ool e

possi bl e. erat i,0 asg the f.low
anount of theﬁ@lgasgggp%%ﬁ%reas &mﬁé@gﬂg? agrta ggppﬂjaﬁt Wl on
| oad appr oacheperting 5 6.« ehiStispBhAndl. AT Bfle idhicPebat he

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



fuel gas G passing the open portions 9a, 8b to be supplied to the supply
opening 5 side, i.e. to the first channel Al side is increased. As a

result, the distribution ratio of the fuel gas Gto the finﬁ %ps%ﬂla Al
side for the main conbustion can be increased in associatio 5 i

increase in the total supply anobunt 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 conbustion |load, the distribution ration of the fuel to
the first cha®pen mrtioss fa, \Bb. t d henefors ciondrden aion dhe Aiek gas 62 winichelsed.

Hence, in the i gh. conpustion | oad operation, when_ the conbustion load is
20 rel ati vel yd?’c?a}} mt%ﬂgg OPeR PeriAnsta, Sib Xpm; the tppbhepesmagiTa, Thtoamten he
third channel - Broce Mher n, Lhexconbustion.].oad is
rel atively hi g%%ﬁg ne r%ﬁ%%sﬁ%? bg%ﬁg\ﬂ%etcg%%l?ﬁgg?t %qﬁeeﬂ?ﬁé‘\m%gﬁfgﬁh be
suppl i ed uni f gl yaPGeflotiley 68 of €hé istpply: Bganaks A3, 7 hC and
=t-hi-r-d-channel- A?,_,-g-so t hat -ow NOx cor?bggtyi:on--bygst hi;n Eﬁg%xe%@%g{??ﬁzr 25
m xture % maddiphssédeds a ffaw atveunt whibh phesdsuhb opep poiticiy e Bbsaddngl t he

bur ner apparatus . shawn i.n Fi % 5,  the supply passage is disposed with its
suppl y openi nﬁﬁ%ﬂfm' epldom §f ithe |9in &Y af Jherepenhpontions fAsabsi dElepices He f | ow

direction of Lr . Assuch that the s openi n 7a,, 7b may supply the
fuel gas G i nE)P %de&él{fmdil%rd e@’fs:g(?ﬁllatm?(g ﬁﬁ%é@ﬁ%@ﬁ?ﬂ%ﬁ%}?e tsﬁ'ér%/llagwegf '

di rection of ai tihe fﬁlqpﬁ R&EAL i o

Ther ef or e, inhg%er%eg?ﬁ%%elhﬁ ﬁﬁhg'é?p&& e Wﬁas @#%%Bgﬁtog%%tg&dﬁ%ﬁ
“portions 9a, @bsdiblertotelfectivaippyevene the fedlasas 1 stPplesdt o theldpn TRSELMIFRI

openings 8a, 8b it is necessary to set the flow anount of the fuel gas G
{l owi ng18ut  ofr Phdrapy Jemingizdnithetecpiving opening fahoraecaivingrpeinghBbh exceeds

a fl ow anpbunt which ,passes .t he open portjon a, 8b against the flow

direction of the ai rpqﬂ%g‘?r’ﬂ;ﬁ"egkﬁﬁgﬁf alég’ral'?‘lﬂ’r?s‘%@g? gypntig, agshewa in Fig. 6,

predet er m nedc4)} 558,00 9nSEF Qﬂgplﬁ{dgt b&eﬁonf 58 Vo TR Sta%xggerigén{a%lﬁ%tgl vely
gas supplying portion”). The construction thereof will be described next.

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,
C 20 6b constitute the fluid control construction.

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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~high. Therefore, in the first or second | ow conbustion | oad operation, it
Is possible to effectively prevent the fuel gas G supplied to the open

portion 9a 10 or 9b fromflowing into the receiving openi OF cei ving
opening 9b. Further, the burner apparatus of the inventid@l,ggg ;QQﬁm in
Fig. 6, <can include an air supplying portion 35 (an exanpl e of
"oxygen-contai ning gas supplying portion"). The construction thereof wll
be described next. Like the fuel supﬂsyi ng mechani sm 10 of the burner

apparatus 15 ¥hédnthensunnly aening 5 loehteslupm|the rywrestream Gidd of the Hower
Che three  conbERoBrotEhenel £33 aRierier i i bR APPIYIng s e GHn o Bhe A2
burner_appar at e ophar o op g the st BeuhtChs BRRRLY 628 dRRERAL 00
passages S, 20 b Furwir! Wiyt bapbot ot AU SRR
suppl yi ngp por t36owhBs iscodnegeddd thetupstreathside of ehe flog dieagivnner 3= fakl t he

supply passage 6b,apd the supply opening 7a. Like the first through third
channel s Al , ﬁ?sagl&?&se, Slmﬁmi)@%ge @bjﬁpgwlnghpﬁ)ﬁom@dmhsaahmmsmm as

T oue 1D SR HESBlsT el 50w REY the SmetiFmr Barmos He Row droetiersot f uel
suppl yi ng portth@@jﬁlﬁat@yegﬂ;g@%%?%gﬁg&bg%r A into the supply passage 6b
u

so that the fuel gas Gflowng I'n y passage 6b nay have an

appropri ate concent rétdondingAs the désthhige ofenisg B6 Finbd Ewith fuRRAGRsture as
appropriate 30 the concentration of the fuel gas G which is supplied from

he opentbor t idepershed) algovayithe, foeb ges Gasupbbied dpphythepdisthaygs oprhne@6on t he
ai T Suppl yi no SERREF HRE 2w oY thr s K s s Sis-aualyanic Borin ¥ cgr b rgueiime A2
and the first ;qRARMehifk the air A to be dispersed thereby in the supply passage 6b.
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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Further, the air supplying portion 35 includes a discharge opening 5 36
which is connected to the upstream side of the flogldirﬁctloR of the fuel
as. G of the suppl assage 6b and which is formed with s P re as
go supply the fugP éag G tgmard the upstream side.of the fﬂ%ﬁ%@#%ggbgon of
the air A at the air supplying portion 35. According to the discharge
opening 36 forned with such posture as 10 described above, the fuel gas G
supplied fromthe discharPe opening 36 . against the flow of the air A at

the air suppl yiregtipnof the w&mlm? Figol?l(a’aﬁe ag?ihns]E I t he ?i {hA to
' ‘ ' I 6b, Further, e flowo e
ai T opposi ng the di Btk gecty BERea aszggﬁ?i%%deaﬁnuakﬁsﬁﬁpngaﬂ;éﬁ@?%th&)r
ressure int iy Welal hg, dizsgh Qpeni.n 5 suppl y
DressuUr e L, ¢ ndhr kbR 6A, 108 LI PN ReA0rtE B 0T 3HRP Y
applied to thehatedl 4assdiartRilY MHist BRHEARINHN AR Rgto $R dobBMdtRH open

~-portion -9b.~ Therefore, the predetermned critical flow anmunt-inthe first -

| ow conbidst i omondidienope showoninFig 17 i(s). t frcitbniedlyplia Figaliyehatlmtrsted he
operation is s'\é\nél&)ched over to the second | ow conmbustion 20 | oad operation
c

may be set re yetion shamnels denptied apsfillasd withdats age underihsrooprhiustionamount
of resistance c.t)ﬁ)di}.ig fuel gas Gflowing fromthe open portion 9b into the
recei vi ng opeﬁl ng ., in the first |ow conbustion | oad operation, it is

ible to effectiy % ' . | 0§ he open
Bgfts : on 9b from ent e%%’gﬁ%tﬁe%cé?ﬁ%;ﬂ&%%ﬁ}fgf@g‘ﬁg@gaeglhgs\mg cog@q}ség ﬁl t,
gener ati on of laadbfione dhe crhpos espfepation chadiefohe thi ighnibay of dB6 - coltHusbish:

anot her _exanpl e of _the burner apparatus having nore than three conbustion

¢hannel 40as deBannalsdo éﬁh_é?léth%ﬁw g@ts &als %E);rl]ﬁaﬂltis }:birlla'ea?sidr ilsudzlﬁlri%hmﬂﬂfa%l ?d
Lo, SOl ol SRR M, 6 b
SggiS- di stant | yhes paeaRH @l%ﬁ{elfz&&,maeﬁgﬂ' o Ieﬁ{rdaélfé}%etlsh%&é) %é}ﬁ)ggfi % %gin_t 8 AUG
symmetry relative to each other are set into 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 othef 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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direction of the fourth channel, as shown in Fig. 7 (a). Wth such burner
appar atus, under an operation condition of the |owest conbustion |oad, the
fuel gas Gis supplied only to the fourth channel A4, sqmghgﬂ$§£?qn hi s
frourth channel A4 is set into the conbustion 5 condition a i Fig. 7
(a). Incidentally, in Fig. 7, the illustrated conbustion channels denoted
and filled wth dots are under the conbustion condition. And, with such
burner apparatus, for increasing the conbustion |oad fromthe above

oper ati on condiext-stagetdbannehber of the conbustion 10 channels to which the

fuel gas Gis suppli I s increased gradually, so that the apparatus wl|l
be set to a conditi oﬁf‘i’B? partculariyy phe ﬁu%ﬁﬁ:ﬁypﬁaaﬁ;ﬁ] eharmel ol 19t isedividad h

chamnl 54, 3300 6 bSR3 R T G o
condi tion of lﬁtgwa7t&6)s%pﬁly"\5ﬁ ngd 1894 (dd anl%ﬁlet e« (Bgyxﬁg i’%ﬁ@@. ’:ﬁ)[ ﬁg _

(D

—-and-the-third channel A3, the palt of  secon annel's
poi nt syret r yhisgkl¢ ressonowhndhe dtiblechaarel 180 ik Mivdbd SO Bhe®is gloqdi tion
and to a still further condition of Fig. 7 (d) in which in addition to the

fourth channércpamefdhe fpted simehansielsnd12A8 anideAS éa wrhdchc Hanfuel gadP; ist he
pair of first_chanpels. Al., di.sposed in the point symetry relative to each
other are 20 EEPEﬁ%‘f{P %?@B‘éﬁﬁﬁg?%ﬁse GWBiCPPBHQ]ﬁdf‘SRﬂSG@MPﬁ@ttW%Wd
operation, on i . nes -apparakus. can be

real i zed wit h?‘fﬂ&?f""%é&%%’%.ﬂ%" add Bl R hsgéﬂgpﬁeﬂﬂﬁ HpRgon 1o eteh

constructi on. offitveo growgisritieluding eddh@iRQS thédl be described next with
reference to Fig. 8. 25 That is, the fuel supplying nmeans 110 shown in Fig.

i s codfigured t o Altgyplagelanwittiont dividires the fielothayael G190 fintheudluetvo

channel 119 tq th tr.eam si des of fhe respective channels A, A2, A3,
A4. Further, ﬁﬂ‘és Ehﬁ%@%ﬁWéé?@?@bf e distributed supply efbeifyelgpstdans

110 is provi dgd F eSRAAT bl RBEENGEES o EnaEL as%Ie)Bfiecf g%ﬁngis%ﬁ]iagteﬁi t tgv’o S0 as
~ 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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~-t-hree-supply-openi-ngs - 15 106a, 106b, -106c are provi
ﬁp andlroﬁdegefc

30-to distribute a portion of the fuel gas G supplied to one channel to a

26 8 AUG 2005 next-stage channel. Mre particularly, the fugl as G of a
fuel channel 119 is divided into two portions to be suppl |“'_e§ M}@h@[}@fi
upstream si de of the fourth channel A4 via two supply openings 107c (an
exanpl e of "supplying portion”). In 5 this, the reason why the fuel channel
119 is divided into two lines is that each pair of the total six channels
A, A2 and A3 to which the fuel gas Gis supplied in distribution conprise
two channel s dhgpedgasrGpoippliedyimtetthy opeal portion 169keanly eilteer thadicwhe

[ | i ' istribution to each of two groups including
Ia;glh one (C);f R ‘E‘itld’efif“{eg?%éa@ suppligbthrongl the ﬁ@pnlﬁepe@@lgd lﬂﬁbm the 9 |
[ t | . 1.h uel - aj ) for by t i stribut suppl y
110, SUeh £ 90 opbb o Rt Elicah L (USRI B Ao LB 517
distributed taimarlyshannhb Supdteddrhesidei & thé Sseboted %ggﬂ%%{ 09 tRa Zajfl_ell?,st
channel eugplyc hpeniap W¥a, bat \@eﬂ pdjﬁIOﬁiMB Sﬁ?ﬁmfehewﬁgand
the third channel. A3 and between the third channel A3 and the four
channel A4, r &BFREAS @%/?ftgﬁ?éuppbépﬁﬁﬁ&g?ﬂﬁﬁaémr@ﬁelmmaswoyqfd:hsa{"gel 106a

Is forned as ply opening 105 which is open to the first channel Al.
20 Nanely, on%ﬁ%ggupstream side of the fourth channel A4, there are

rovided a supply OppRé NfhelO&Gnil RLyL ng1h i§as { ghhef el
(F:)hannel 119 to an oglgﬂné portio‘%pﬁlgglcgst])lgel %’ﬁée?o%rpﬁ%g%anngl aﬁﬂ?%ﬁéscéq © _
recei ving opecomgrddim ahcludes sapplurabies seetdidbeohips] 'BASIAULGRSHS SRARLT ON
of the fuel gas G supplied into the open portion 109c only when thg flow
45 anourdQ of {nfduding thgxresmpakivempencbartions dA9aht0%hy 1By andethiengspéitivei nt o
the supply passages 106a, 106b, 106¢ with the 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 silpplied through
the supply opening 107¢c into the open portion 109¢ is below the
predetermined first critical 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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open portion 109c exceeds the predeternined critical fIOM/anDunt

Simlarly, on the upstream side of the third channel %{e %reqprOV|ded
a supply opening 107b for supplying the fuel gas G recelve nAtie 286Bp! y
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 2005 the fuel gas G supplied into the open portion 109b only
when the flow nDunt of the fuel gas G supplied through the supply opening
107b into the & B@ﬁ ﬁ@reﬁmﬁlti@mo@m@eg&salt prEet emad aled te be biebwd thd ow

amount. Al so on the upstregm si f the second channel A2,
there are 5 provﬁd@%@&? 5hPROERENR RgTH oy of g}éﬁhg@bgﬁsﬁ%ﬁﬂpﬁiﬁdl@ﬂﬁaﬁwm

f receiv ortion
of “the el "okt 1B Phicb e RllbliRe SRAme 26 1B e Freivash TudaBEs | bed

construction isapplydgassagel 1068 hhi zﬂi oi"tﬁisdfﬁ%éod} 1%9&%&‘1%’&6 ?Hérs‘ﬁ?gggt Ve

m~|nclud|ng%the respectiyve open portions 109a

9b, -109c-and the
suppl y passagdessagsal 06bosisuppbied vid the supply opéning 100a$6 thie bécond ddahnel

ed in se And, th the fuel supplying neans 110 having the
g[)g\allggdescri bé‘bi cSSnQWLRﬁ raq}vn! Meﬁlgegnww%gﬁm hﬁhgigneh@ﬁhgg;hmum Of15
djusts, b va ,
f?hjeufSuZI gésa(%il uc?}l@&%é@ﬁttﬁ@sﬁ&ﬂd‘m%i ?%13{%?3 8&;‘;&8@3@5 1E’-}’@r?PPg’nghrough
th I Bd c CFukrhiro
prgdzgglromyngg(?f ﬁ%&l‘}%?l tlsggl fl O\fv gﬁ%ﬂnt Etbﬁh Pgﬁhe ?‘8‘2‘% g%ls?r%e PI ed
t hrough the suqa@dmstqddmaxgeéd)ﬂm thitdctitiealdhananotht, ApdiRe dﬁhélfﬁal %@d to

20 the faurth _gchanne so that as shown in Fig. 7 (a), only the Tourth
c{_hannel §4 i s &epnk ttﬁéhééﬁﬁﬁéﬂpﬂé@p é@ﬂ@ient&mthe:mcemg ophEingtldSatiote!

supply amount _rgcfen%ﬁ%n%uﬁw pply passage 106a and all of this fuel gas G received into
the supply passage 106a is supplied via the supply opening 105 to the first
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

J, 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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~~¢channel - A2, - so-t-hat -asshown-in “Fi-g> 7 (C) onl Yo
third cHannel A3 and the second channel A2 are set to the conbustion

adj usted to exceed the first critical flow amount and al so to be bel ow 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 gﬁ recel g into
t‘he supply passage 106e and all of this fuel gas G receiV lﬂﬂéoiéﬁ

supply passage 106c 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 conbustjion condition respectively. 30
Still further, when The fovegding wpbedicrentstrebite t e gbnetal gases wiserdStie AUG
2005 adjusted to exceed.the second critical_ flow amunt and al so to be

bel ow the t hi®JSeRroniaining gag faneembustionef thediebgas Gecompisegdbe GirsAppl i ed

to th [ . i Vi [ 108b to b i ved
i nto the supany oad 2 88 iRk e dfh §i Sk o0 SRRN ol < weru i B e

suppl y passagéa¥iha higlsatidhnt&d ofl I Ya to the second
% ase n Dﬁﬂ&ﬁpﬂﬁ&ﬁﬂ}Xmﬂpﬁgh@%ﬁ%gk channel A4, the

condition respectively. Still further, when the total supply anount of the
fuel gas Gis adjusted to exceed the third critical flow anobunt, a portion
of the fuel gas 10 G supplied to the open portion 109a enters the
recei ving opening 108a to be received into the supply passage 106a and al
of this fuel gas Greceived into the supply passage 106a is supplied via
the supply opening 105 to the first channel A, so that as shown in Fig. 7
(d), all of the channels are set into the conbustion condition. 15 Wth
t he fuel supplying nmeans 110 having the above-described construction, in
he | ow conbusti on | oad operation, no excessively thin fuel-air mxture is
fornmed in the channels which are not in the conbustion condition, so that
generation of unburned conponents can be effectively restricted. Further,
by gradual ly increasing the nunber of the channels to '

o
1
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20< be set

conbustion | oad,

the entire conbustion load range. In the foregoing enbodi ments, At he annr
plurality of conbustion channels as the pilot conbustion chagm’g‘ﬂJ%r@Q%e

mai n conbustion channel 25 are arranged in the radial or peripheral

direction.

| nst ead,
appropriately determ ned, with

| ow NOx generation. Further, the flui dCl8msrol construction provided
bet ween the respective conbustion channels nmay be designed, with
consideration to e.g. the distribution order, 30 distribution ratio

relative to increaseAifudlae a?@gpéﬁg iiﬁaubg?%]ﬁ eﬁarﬁj L&&ﬁﬁ,ﬁsﬁﬁn'@}ﬁlﬁﬁ[ﬁegm ng

enbodi nments relate to genera

cases whe oxygen-contal ni ng gas

conbustion of it hehichefuebis s@pplisioto sefzenhe®mbiniky gak Ri@AdhicARdt fiferein

~-0Xygen-cont-aini ng -gas ot her -than air, e.g. oxygen-rich gas 5having-a- -

hi gher cént en@ngdfthgrpgaltanhirel-ainmiztire & supplisdon. a Gonbusting @cRiddSodeai ns

1. A burner a ra# including a plurality of conbustion channels i
Crabpr el he

whi ch fuel

is®

Bt¥8xygen- cont ai ni ng gas conmuni cated therein

the resul tant fuel -abf Xt 48 LScls uc%%ﬂ&%s&iso%f é%a%ﬁgp lfﬁ%l'ufq%sc f%g%tgpgy{n%

conbust ed t herein; erein sald each co

anne

into the conbustion condition in association with increase in the
t he conbustion condition can be mai ntai ned stabl e over

the | ayouts of the respective conbustion channels naybe
consideration to the flanme stability and

r

n
and
be

suppl yi ng por posgtior fur stppblidg tee ffe® fuel ; a supplying passage is provided
bet ween the respective conbustion

( 10
15
{i,.-l. 20
25
30

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 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

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
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
direction of the fuel from the supplying porﬁon to the open portion is a
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10 channel s, the supplying passage being configured for receiving a portion
of the fuel supplied through the supplying portion to the one fuel
conmbusti on channel and then supplying this to the supplykdgl@g¢1ggp50f t he
next-stage conbustion channel only when the flow amount of thé Tiel “from
the supplying portion is above a predetermned critical flow anount; and
15 conbustion | oad adjusting neans is provided for adjusting conbustion
| oad t hrough adjustnment of a total supply anmount of the fuel so that the
f1 ow anount ofdixegiionydpwardntheheupstpedmi midepooft ithn My bdirectint abfetheni t hi n
a range enconpassing ﬁgid grede rmned critical flow anmount. 20 2. The
bur ner appar at®3XESEEYHAIHDE 885 of Hhasombyghionshanpek ween a  suppl y openi ng
acting as said supplying portion and a receiving opening for receiving the
fuel of the supply passage, there is fornmed an open portion open to the
combustion channel, Bhslbdnod appRRdtistiosfdigetd Qfin®l. fherditehid SOBilRG
-wsupplylnghportron to the open portion traverses- a tlowdirection of-the-
oxygen- cent ai porigoyafatleashene sppplynerstagmcondprisdaen bupplgropapiiar which is
according to claimz2, wherein the supply. 30 direction of the fuel fromthe
suppl yi ng por 0P8R tt8WeRd dhen yrstreasm istdey of shaudomoodingctiont iddn thewar d

t he upstream gj 0 e.flow directign of the xygen- cont ai ni ng gas of

t he conbustioﬁkgﬁﬁh%%ﬁ.Iﬁﬁgsﬁ%o1@Pﬁ@Fﬂ§5§QP§gﬁ§n%ccording toclaimil
wherein said supplying 5 portion of at |east one supply passage conprises
a supply opening which is open toward the upstream side of the flow

direction of bhe oXftgeburmet appatagugascarllind€o CRERUL! wHbre2BEGeenda The
bur ner a%par atus according to claim4, wherein between a
1 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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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 conbustion channel, and a supplying di&é&g&@?}@ﬁﬁghe
f'uel fromthe 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 claim5, 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
claim6, wherejn a dj cﬁarge openi ng of the supP[y assage for discharging
the fuel to t oxy@gﬁ- £hiaRPaAtAtya scergply to glaper 8, wheregn gpportion ofie

direction to reamside in the flowdirection of th
oxygen- cont a%%g&ggls" E?g%qgg lsgegjygaé}]pwqﬁ ﬁ‘&’lgg‘élgsi?ﬁ?ﬁ'l%i ‘ﬁgeli?oﬂ%‘i’l on.
8. The burner @pg@{.@&ﬁt%iﬁgg%ragiiggu%ﬂjeg[ aim5, 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 the 30 oxygen-containing
gas of the combustion channel. 32 8 AUG 2005 9. The burner apparatus
accordi ng to dlai m gTheuheiraen apparatus encarfling tre cimpd ywhemsage disshagen t o
an oxygen-gas suppl i%g tg'r%rti on.where the , oxygen-cantainin as is

bdr n

supplied. 5 10P¢ D%t assageo far ndischarging mthe r efon the

di scharge op -Snthifin I for. di scharging the fuel t he
oxygen- cont ai %@Q%%&bggsntsuppg%ggs B@S’ﬁ%ﬁ&i@%&ﬁé’ﬁgf‘ﬁnt‘:ﬁ ”,f’f’%%‘f mﬂl{d(t) rd the
upstream si de upstrehg kidewidl ithe dlovd @irektibh & PRLIER EANbALALIE BAS Aludhe

( 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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10.. oxygen-cont ai ni ng gas supplying portion. 11. The burner apparatus
according to claim1l, wherein a portion of the supply passage is open to
an oxygen-gas supplying portion where the oxygen-containiquagﬁwi&_ﬁq
supplied. 15 12. The burner apparatus according to claim11, eﬁéfﬁ 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
upstreamside in the flow direction of the oxygen-containing gas at the 20
oxygen- cont ai rRe§IREs o uphe yFapplForndssage 18r Thechawgingr thepaiual uso acker di ng

to claim1l, wherein between a sur}glll openi ng actjing as said supplying
portion and a FPeE&MPH R (o 1) g POEH HPRERD |¢{ﬁchpﬁéogr@p@%be

passage, therg;d O4:1. 0. t he conbusti gn

channel , and g‘%ﬁ%ﬁ% Sllqrtglg?@%‘ﬁ 0 éct%%él %tﬁtél?eoﬁg%éﬁwf?ﬁ?ﬁ‘mﬁaﬁgaﬁaﬁwi on
to the open pxypeeRohtaRyie s@pﬁbﬂm%ﬂbﬁﬁﬁiion of the oxygen-contai ni ng
—~gas-at-—the -open portion. 30 -14: The burner apparatus according to claim---
13, wheré?n a di scharge 33 8 AUG 2005 opening of the supply passage for

di scharging t fuel _fo.the oxygen-containing gas supplying portion is
open in the di ectio“n’fl?&%}aépar ARBATAPS ceqrAing Cloant Kb eneinlithe suipply of

150 The bur ner isBeRh U Blol i e AT R B AR ci-Cl e oRSL edpaby 5 o

7S O ) 1 gLy A A ARGAE 1

oxygen- cont ai mxpgergesntainihgas ofithesdonthustivanih@hnell 0

« v \

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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16. The burner apparatus according to claim15, wherein a discharge

openi ng of the supply passage for discharging the fuel to the
oxygen-cont ai ni ng gas supplying portion is open in the degcggzg ggﬁsrd the .
Upstreamside in the flow direction of the oxygen-containing YYhe 15
oxygen-cont ai ni ng gas supplying portion. 17. The burner apparatus accordi ng
to claim11l, wherein said supplying portion of at |east one supply passage
conprises a supply opening which is open toward the upstream side of the
f1 ow di recti orPRPATaRIS. 20 oxygen-contai ni ng gas of the combustion channel
18. The burner apparatus according to claim17, wherein a discharge

openi ng 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 upstreamside in the flow direction of the oxygen-containing gas at the
oxygen-cont ai ni ng gas supplying portion. 19. A gas turbine engine
~-CONPrisi-ng-t-he-burner--apparat-us accordi-ng to--any-one-of-clairns 1-18; -
wherein a turbine of the engine is rotatably drive by 30 kinetic energy of
conmbusti on exhaust gas exhausted fromthe burner 34 8 AUG 2005 appar at us.
35 Abstract A burner apparatus relating to the present invention conprises
a burner apparatus including a plurality of conmbustion channels (A, A2)
in which fuel (G is supplied to air (A) conmmunicated therein and the
resultant fuel-air mxture is supplied to a conbusting section (15) to be
conmbusted therein. Each conbustion channel (A, A2) includes a supplying
portion (5, 7) for supplying the fuel. A supplying passage (6) is

(
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provi ded between the respective conbustion channels (A, A2), the passage
(6) being configured for receiving a portion of the fuel (G supplied

t hrough the supplying portion (7) to the one fuel conbustgn\@b\a @ﬁ% (A2)
and then supplying this to the supplying portion of the Tdkt/ thg :
conmbustion channel (A) only when the flow anobunt of the fuel fromthe
supplying portion (7) is above a predeterm ned critical flow anount.
Conmbustion |oad adjusting neans (20) is provided for adjusting conbustion

load through adjustment of a total supfispambount of the fuel (G so that
the flow anmount of the fuel (G fromthe supplying portion (7) may be
contained wthin a range enconpassing said predetermned critical flow

amount . A burner apparatus relating to the present invention comprises a
 burner apparafus including a plurality of combustion channels (A1, A2) in

5  which fuel (G) is supplied to air (A) communicated therein and the

resultant fuel-air mixture is supplied to a combusting section (15) to be

combusted therein. Each combustion channel (A1, A2) includes a

supplying portion (5, 7) for supplying the fuel. A supplying passage (6) is

provided between the respective combustion channels (A1, A2), the passage

(" 10 (6) being configured for receiving a portion of the fuel (G) supplied fhrough
the supplying portion (7) to the one fuel combustion channel (A2) and then

supplying this to the supplying portion of the next-stage éombustion

channel (A1) only when the flow amount of the fuel from the supplying

portion (7) is above a predetermined critical flow amount. Combustion

15 load adjusting means (20) is provided for adjusting combustion load

through adjustment of a total supply amount of the fuel (G) so that the flow

amount of the fuel (G) from the supplying portion (7) may be contained

within a range encompassing said predetermined critical flow amount.
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