DESCRIPTION COMBUSTION DEVICE FOR MELTING FURNACE, AND MELTING FURNACE
5TECHNICAL FIELD [0001] The present invention relates to a combustion device for a melting
furnace and a melting furnace provided with the combustion device for a melting furnace, wherein a
fuel ejector for ejecting gas fuel into a combustion space above an area of a melting zone in 10which
an object to be melted is present is provided so as to eject gas fuel from a lateral location of the
combustion space, and wherein a combustion air feeder for feeding combustion air obliquely
downward to the combustion space is provided in a location above the combustion space.
15BACKGROUND ART [0002] This compysiopgeyior for a melting furnace is used in melting
furnaces for melting glass, metal, or another object to be melted, and cross fired types and end-port
types are well known as melting furnaces provided with a combustion device for a melting 20furnace.
A cross fired furnace has a structure in which a combustion device N for a melting furnace is lined up
on a lateral séctOnR) ATHNiAY200E EBRME&E%&BHWM%%NQM%%@%F% Sdutting raw
material into the melting zone 2 and an extraction port 4e for extracting a melted object are lined up
(see FI& 2). An end-port melting furnace 2%hagihe ghaggigyort 4i for inputting raw material
provided to a lateral location on the upstream side of the melting zone 2, and the extraction port 4e for
extracting the melté%ogb]ect provided below the front surface on the downstream side of the melting
zone. The combustibn plevice iINvisnproviddkintdhrecoinipitytiof they cledkgingnptrh g if(see & IBd22). The
present invenions NAuE RLOpRIESka mftﬂe@}tﬁﬂu@foﬁmﬁ&%ﬁQ%@émgﬁtft%ef%%@taﬁraeumg

furnace, com rlsm a center ejection path for ectJ Iand an annular peripheral ejection path
ositionect AHBUPE:SaTSHEr A AT BRSBTS BT B LI2E &l path

made 16 projdocirematectenter mjdttibn prtteaind isdoidnéddnrattapecedasiageionviictedibmeter is
reduced in preafsian@td i distelend, side vadeans dyrlus-eiseiareeds o ¢anrngEge at the distal

end side. sing this cg)nfl u at on makgs it possible ta form a strong |5naflam éa strong,
air O OWIl to the com ?tN)B spa €1 V1 ma ﬂ,]
rectlllnearlytong ﬁame) an press e generation o ispensing wi 8"heed for a

dedicated c@bﬁngtﬁauqomb@wmgoﬁ@@ fuel ejector (e.g., see Patent Document 1).

15 BACKGROUND ART
[0002]

This combustion device for a melting furnace is used in melting furnaces for

melting glass, metal, or another object to be melted, and cross fired types and end-port
types are well known as melting furnaces provided with a combustion device for a melting
20  furnace.

A cross fired furnace has a structure in which a combustion device N for a melting
furnace is lined up on a lateral section of a melting zone, along the direction in which an
charging port 41 for inputting raw material into the melting zone 2 and an extraction port
4e for extracting a melted object are lined up (see FIG. 2). An end-port melting furnace

25 has the charging port 41 for inputting raw material provided to a lateral location on the
upstream side of the melting zone 2, and the extraction port 4e for extracting the melted
object provided below the front surface on the downstream side of the melting zone. The
combustion device N is provided in the vicinity of the charging port 41 (see FIG. 22).

The present inventors have proposed a configuration for such a combustion device

30 for a melting furnace, comprising a center ejection path for ejecting gas fuel and an
annular peripheral ejection path positioned about the periphery thereof, wherein the distal
end side of the peripheral ejection path is made to project from the center ejection path and
is formed in a tapered shape in which diameter is reduced in progress toward the distal end

side, and gas fuel is ejected so as to converge at the distal end side.



5Prior Art Documents Patent Documents [0003] Patent Document 1: Japanese Patent No. 4046633
(FIGS. 5 and 6) 10DISCLOSURE OF THE INVENTION Problems That the Invention Is Intended to
Solve [0004] Melting furnaces that adopt such a combustion device are becoming available with a
small melting zone. 15In the case of this type of small melting zone, the furnace walls positioned on
both sides (the two left and right sides in FIG 23) along the movement direction of the melted object
are closer to each other in, e.g., the cross fired furnace shown in FIG 23. In an end-port melting

furnace, the pos'““’(ﬁ‘sﬂf@tﬂ@%ﬁﬂ%’lﬁaﬂ@ﬂ GQO%NiFIGs Al TRriRgLihe HIRCA el Rrevided yigh the

combustion air feeder and the fu ector is closer to the 20combustion position on the lower side
(right side i3 B3 iH Wrﬂ&%ﬁt@‘rﬂ RSSO R S FRETRLP B BfelOX Wgﬁlf’s‘tléli’reastﬂélﬁﬂﬁlﬁ?ﬁrace
there is no leesdatpirmtiedoconedustidomgpghod fortikedengttwiseldaection ©f thedl Ratenfth® distance in the
stated direcq nis short in the combustion space), and with, e.g., the conventional combustion device
described in ate ment 1, the gas ejection speed must been increased in order to shorten
the flanfe. In this 5?1% f&‘igﬁ’&l‘i% reduced due to a lower flame luminance when the gas ejection
speed is mcreasedl,’%tﬂnttﬁecameuﬂst of generated NOX is increased. In the further case that a
cross fired-type altggpgsing combustion furnace structure is used, the flame formed by one of the
combustion deV|ceI§ en rates thelo er 30 cg mbu Fif %g ?{}t sh(g nin FIG 23. The heat
generated by the fla A eanhorsEsy f‘é’%‘ﬁ?ﬁ? SE(ﬂltf § é § ect, the ceiling area
indicated by X in FIG. 23 is heated, and there is possrbllrty that the furnace will be damaged. [0005]

The prgsent invention was contriveghig ¥ iensef tireGib oy deserigd@Ncumstances,
Problems That the Invention Is Intended to Solve
[0004]

Melting furnaces that adopt such a combustion device are becoming available with

a small melting zone.

15 In the case of this type of small melting zone, the furnace walls positioned on both
sides (the two left and right sides in FIG. 23) along the movement direction of the melted
object are closer to each other in, e.g., the cross fired furnace shown in FIG. 23. In an
end-port melting furnace, the position of a partitioning wall (100 in FIG. 22) facing the
furnace wall provided with the combustion air feeder and the fuel ejector is closer to the

20  combustion position on the lower side (right side in FIG. 22) in the movement direction of
the melted object.

In such a melting furnace, there is no leeway in the combustion space in the
lengthwise direction of the flame (the distance in the stated direction is short in the
combustion space), and with, e.g., the conventional combustion device described in Patent

25 Document 1, the gas ejection speed must been increased in order to shorten the flame. In
this manner, efficiency is reduced due to a lower flame luminance when the gas ejection
speed is increased, and the amount of generated NOX is increased.

In the further case that a cross fired-type alternating combustion furnace structure
is used, the flame formed by one of the combustion devices penetrates the other

30  combustion air feed port, as shown in FIG. 23. The heat generated by the flame cannot
be sufficiently used for melting the melt object, the ceiling area indicated by X in FIG. 23
is heated, and there is possibility that the furnace will be damaged.

[0005]

The present invention was contrived in view of the above-described circumstances,

35 it being an object thereof to provide a combustion device which does not cause an increase
in the amount of generated NOx or a degradation in efficiency due to a lower flame

2



35it being an object thereof to provide a combustion device which does not cause an increase in the
amount of generated NOx or a degradation in efficiency due to a lower flame 2 luminance, even when
the combustion space is limited in the lengthwise direction of the flame. Means for Solving the
Problems [0006] 5The characteristic feature for solving the above-mentioned problems is a
combustion device for a melting furnace in which a fuel ejector for ejecting gas fuel into a combustion
space above an area of a melting zone in which an object to be melted is present is disposed so as to

eject the gag, I fom & IASIALIPGRIOSHIB G HAUPRYSIORSRAFS: Andid i WiichiR-camPYStRD air

feeder for feeding combustion air obliquely downward to the combustion space is disposed in a
location abdV&%fe fuel ejector, wherein the fuel ejector comprises a first fuel ejector and a second fuel
ejector linedMignirs &irlSabtiop¢hsggoificdirection, as viewed in the lengthwise direction of fuel ejection;
and a first ejection GUCEW ejected from the first fuel ejector and a second ejection 15stream ejected

from the second fu%eje tor collide on.the downstream side of ejection. [0007 ince this
combustion device foF a ﬁ?ﬁﬁ%%%@ﬁgﬁ AW ¥ BemEHing 1OV AR LBHBL SN Aitsis e

obliquely dovemvbartidrodetive amabusliog firfieeclar whible ctmbeistion Spagestargigivelgelsftehfrom the

fuel ejector &ﬁiﬁ&&ﬁgﬂrﬁﬁaﬁ’éea%%’J@HﬁtL&@aaHf 20hRheNE ahnaraa @B@lﬁnﬁlﬂ%j@&ﬂ% iBehigh@nsobject to
be melted is Present, g???% %S?s fuel ejected from the fly %[ector r}%ixe? Yvith the coerusti n space in the

2 %(bgf’s aasé%)vg"fﬁ%tmeeﬁﬁ‘?g %%ne.c’lﬂw% tgfaeje%%P%ﬁ?phseegoén S ejector

combustionpsﬁgce a
and a secorideRlaiéctor lined up in at least one specific direction, as viewed in the lengthwise

directigp of fuel ejggliQRicbd berfiBimgoREmeddA this cambisstiontsdesmer thadgiake ek ihe first
ejection to the combustion space is disposed in a location above the fuel ejector, wherein

the fuel ejector comprises a first fuel ejector and a second fuel ejector lined up in at
least one specific direction, as viewed in the lengthwise direction of fuel ejection; and

a first ejection stream ejected from the first fuel ejector and a second ejection

15  stream ejected from the second fuel ejector collide on the downstream side of ejection.

[0007]

Since this combustion device for a melting furnace is installed in a melting furnace,
combustion air is fed obliquely downward from the combustion air feeder to the
combustion space, and the gas fuel from the fuel ejector is ejected into the combustion air

20  above an area of a melting zone in which an object to be melted is present, the gas fuel
ejected from the fuel ejector mixes with the combustion space in the combustion space and
combusts above the melting zone. The fuel ejector comprises a first fuel ejector and a
second fuel ejector lined up in at least one specific direction, as viewed in the lengthwise
direction of fuel ejection.

25 The flame formed by this combustion is formed in a state which the first ejection
stream ejected from the first fuel ejector and the second ejection stream ejected from the
second fuel ejector collide on the downstream side of ejection, and is therefore a flame
that widens in the specific direction in a plane that includes the fuel ejectors of the first
ejection stream and the second ejection stream and the collision position. In other words,

30 the flame overall is relatively short in the ejection direction and a flame opened (widened)
in the specific direction can be readily formed.

The resulting combustion device does not cause an increase in the amount of NOx
that is generated or a degradation in efficiency due to a decrease in flame luminance, even
when the combustion space is limited in the lengthwise direction of the flame (the distance

35  in the stated direction is short in the combustion space).

[0008]



stream ejected from the first fuel ejector and the second ejection stream ejected from the second fuel
ejector collide on the downstream side of ejection, and is therefore a flame that widens in the specific
direction in a plane that includes the fuel ejectors of the first ejection stream and the second ejection
stream and the collision position. In other words, 30the flame overall is relatively short in the ejection
direction and a flame opened (widened) in the specific direction can be readily formed. The
resulting combustion device does not cause an increase in the amount of NOx that is generated or a

degradation in efficieney fHe 19 4,ARFLPARG IR BMAUTYRMISELR VAV NDSR NG GRINYSHRRRRACE IS

limited in the Ien,t%ete?wis,e direction of the flame (the distance 35in the stated direction iS short in the

combustion oY (obefe et RETANSTHLICISBREE ol theREB B ABH gadicaltdrafbiting
furnace providédwithrthedbevesnoiddctazrcterisionfaatere, singlpréfetrgddiat eactrof dhé fhrst fuel

ejector and )& 36CANF URLAIGGIASPIRRHSRS A-SinGle detisieelieR Opice AR dhelrsirigcian stream
ejected from thei _ws&difuel,e ectign orifice pgsitioned to one side in tté]%; f?r)ecmc o(litr ctjon and the

secondejectRSiT S e ERR AN BN 1 L8 R T PR R SIS PBs B SVt BOHEF S in the
specific direetifinebpostivfigdredtbo adito sdtide tba thecdondistream ideofigjeetion.as to Ugindesuch a

configuratiogmrkasiiRessiklgde spepaiflame having a relatively short length and that is sufficiently
opened (widened) Jgu the slgx?fific dil;ection usin%(thetlo si@pl?stfconfiaigﬂration. Therefor]e it i§ possible
to sufficiently heat ﬁ”(lj%jsec S SRR AR gscleilﬁ)r?ésé nin the v cirellll?“ye o}}atwg‘%ﬁﬁgc? "Sidewalls.
Also, with thiBasbhfigaibatierh thine ispreffidiontieopansd invidendite etidheostiestondimstice spaifibdirection,
as viewgd iniiRglianethvwiagMisactiomefdiset Siectiansislenereuraarily sURRI assRLele @ eertain«axtent.
15[0009] ané%:ogd;ﬂﬂ ] \%r}lqtgl r aspect ch> fttaqee%rplggestkag Vg?ﬁysice for a melting furnace provided
with the aboVe-noted Charactenste feafurey, itis pre efred that a plurality of fuel ejection orifices be
lined up in an orthaYy6pandipebiforrftaBgénal thanprepbeffideliastiom sifeiPhafiboserthiise
direction of fuel gjegtiendircaast) ok the:fist fuetiejerinrrntkQtiecaeaont fudl ejesaion, a8tnore in
rela_tl_on to tk}gaf ﬁz}tl @‘ﬁéﬁé?%"r@ gr#ggt%sn%%é%gr_le_d on one s!c_le a_nd s_econd _fuel ejection orifices _
positioned on the other side thus forming a pair in the specific direction, a first ejection stream ejected
from tHe first fuel e}8H8h orifices and a second ejection stream ejected from the second fuel ejection
orifices be configuraccsalasgstaccallichandiyea5dowhsteearusiien ofl ejeetidorbetweainthdtirakejection
orifices consfiAGaRfne abilSg el dhaco0ighAN MY RSHRGREIPIR O BTN A dAGpving a

relatively short length and that Is sufficiently ogene (widene he specific ction.” Therefore, it is
possible to SIRALRIhE SRS BELP (6 BB PArsa eh diketomItg esertii HBeIERiH) O HTE Hofnace

sidewalls. 3@ uithexrarthewithothisisodfigutiationt, find spraadch pirtlectianiiechin fing dikdcetjector and

20  the second fuel ejector, and

in relation to the first fuel ejection orifices positioned on one side and second fuel
ejection orifices positioned on the other side thus forming a pair in the specific direction, a
first ejection stream ejected from the first fuel ejection orifices and a second ejection
stream ejected from the second fuel ejection orifices be configured so as to collide on the

25  downstream side of ejection between the fuel ejection orifices constituting a pair.

Using such a configuration makes it possible to form a flame having a relatively
short length and that is sufficiently opened (widened) in the specific direction. Therefore,
it is possible to sufficiently heat an object to be heated and the ceiling even in the vicinity
of the furnace sidewalls.

30 Furthermore, with this configuration, the spread of the flame in the direction
orthogonal to the specific direction, as viewed in the lengthwise direction of fuel ejection,
can be ensured to a certain extent.

[0010]

In the configuration provided with a plurality of fuel ejection orifices described

35 above, it is preferred that the plurality of first fuel ejection orifices provided to the first
fuel ejector and the plurality of second fuel ejection orifices provided to the second fuel
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orthogonal to the specific direction, as viewed in the lengthwise direction of fuel ejection, can be
ensured to a certain extent. [0010] In the configuration provided with a plurality of fuel ejection
orifices described 35above, it is preferred that the plurality of first fuel ejection orifices provided to the
first fuel ejector and the plurality of second fuel ejection orifices provided to the second fuel 4 ejector
be configured to widen in a radial fashion on the downstream side of ejection or to converge inside a
predetermined range as viewed in the specific direction. Using a configuration that widens the

flame in a raglial jagh iQ&lﬁ%%% fawidang ﬁﬁfﬁﬁ%@ﬁ;&% h RRSHIUGSAY PRSI IR R G GEUGN

orthogonal to the specific direction as, 5 viewed in the lengthwise direction of fuel ejection. Using a

configuratioR ¥R 8B ARG ePtivaceimin R Aapss s RS 4Py Hiso @ s1 % 41 \ibening of the flame to be
sufficiently suppredsadgdn awhifextiamoorthagenntothhdlspedifia dikbatibnlasvidiwved ihethedemgthwise
direction of B{t?th@iﬁﬁﬂmo[gg%&}fﬂ&éﬂd?%&Qﬂ&'@%@ﬂi&%ﬁi&ﬁ SomhBdBeling i gacsrRravidebyith a first

fuel ejection orific ,arig second ej@g ion oriig%e gonsti,tuting a pair in the specific direction, it is
preferred th3t A BAIAAP G EREEN SisHUEHELPOMEE S T UL hedial position in the specific direction
between the first fuésiseetioniagifies andiaheosectgwd fuellejpetion prifibecinipkatiomge thevsshejection

orifices consfiiutingea Hainin the.specific dirartion andiprds-aositions eaRathysidesinthe qrbogonal
direction orthoe%ofna to the specific dé)rectifq as \ﬂewed in trge Ier}%th\ivise direction of the fuel ejection in
relation to tRBTUS SEEHBR oHHCEE EOMLY; ﬁtlﬁrégé B%?F iﬁ"i%celgrﬁé)ci {EUSEHER: Providing auxiliary
ejection orifices to B¥thl$ides in the orthogonal direction thus allows control from the orthogonal
directigp of the flame @s deseiibeshalane: andathefugl BRriectarsifieal wiaction-ariices;@mdihe like
can be cooleglfandaorgtgcsted béf gas ejected.from th .a%lxiliary holes. [0012] ... In the.combustion

. 0 ) €Cco ction oritice., constityting a r,1n tne ific directiop,, 1t 1S
device for a me]ﬁlng'}urnace escribe above, tis pre erred tHat the first fgefejec or and'the Second

fuel ejector BEISIERAIQ LI HiRSY Geastion oYiFieess; kiharoadetk ianourdiol gasifee) br theirResjéiction
stream ejectaebftaim theviesh fue) eisetiarlosjicesipositioneddomnesisalimibiegaamificatireetion and
the amount %ﬁé’ri’%snf%’@ | RL %us‘i’ceoé‘&'She%ﬁlg{éééré’@%‘ﬁh?ﬁ}e%g%@ }E%%egrﬁyc(%ff%eAiFAS&g&” Qrfiges

be dont 0 abfe of ep

positioned to the other side onfigured so as to be ca of being mutually or independently

adjustéa. positions on both sides in the orthogonal direction orthogonal to the specific direction as
viewed in the lengthwise direction of the fuel ejection in relation to the fuel ejection
orifices constituting a pair in the specific direction.
Providing auxiliary ejection orifices to both sides in the orthogonal direction thus
allows control from the orthogonal direction of the flame as described above, and the fuel
20  ejectors, fuel ejection orifices, and the like can be cooled and protected by gas ejected
from the auxiliary holes.
[0012]
In the combustion device for a melting furnace described above, it is preferred that
the first fuel ejector and the second fuel ejector be provided with fuel ejection orifices; and
25 the amount of gas fuel of a first ejection stream ejected from the first fuel ejection orifices
positioned to one side in the specific direction and the amount of gas fuel of a second
ejection stream ejected from the second fuel ejection orifices positioned to the other side
be configured so as to be capable of being mutually or independently adjusted.
Thus, the amount of gas fuel ejected from the fuel ejection orifices can be adjusted
30 independently or in a mutually related manner between the first fuel ejection orifices and
the corresponding second ejection orifices, whereby "the flame length," the extent and
direction of widening of the flame in the specific direction," and "the flame luminance" of
the flame to be formed can be adjusted.
[0013]
35 A combustion device for a melting furnace according to the present invention was
described above, and the melting furnace according to the present invention is capable of
5



Thus, the amount of gas fuel ejected from the fuel ejection orifices can be adjusted 30 independently
or in a mutually related manner between the first fuel ejection orifices and the corresponding second
ejection orifices, whereby "the flame length," the extent and direction of widening of the flame in the
specific direction,” and "the flame luminance"” of the flame to be formed can be adjusted. [0013] 35A
combustion device for a melting furnace according to the present invention was described above, and
the melting furnace according to the present invention is capable of achieving the object of the present

invention bYaHﬁiE“QiﬁQ‘%h%OJﬁlig&r araR g?é%ﬂPﬁ{%QﬁiBWb%Hﬁ?ﬁg?ﬂé%oﬁhgdﬁ%ﬂ%%ﬁﬁ&?below. a fuel

ejector for ejecting gas fuel into a combustion space above an area of a melting zone in which an

object to be meltedREPYERE 12 4ig)ALRY L8450 eject gas fuel Sfrom a lateral location in the
combustion space; fuelaepanulbuUstioreainfeeger fiorl feedingcoothbuistionmmiccobliquelyndaemwérd to the

combustion $pAGE ISHISRPSAHIR AlesrieRARoNR I8 ekaleqtes aghibe Qﬁ%f%@éiéc@%%?ﬁeﬁo
combust. TEe COITfUS'[I 1{1?de.\/|ce fcgb%meg{%? furnace described above is provided in a 10 furnace

wall, whereB{PE ity nHA08 18 St SMBAI R¥aShot cause an increase in the amount of NOXx that
is generated or a degradbtivivin affitiedoy fdoddedindearebustinflamehliqinbnde yevendvive ththe

combustion &pﬁgﬁzs{%urggg& i m@@@gqmmi%gg{&pgggv@ftﬂgqﬁa%c{ggJaﬂ]i 15In the melting furnace
described above, it is e%gefferrle%cé that adt least %Eair of combustion devices having the fuel ejector and
r ti

the combustion airtPé3 &r'i éﬁ’i‘ﬁ& 9%’,-38{? Sh air to gas fuel ejected from the fuel ejector be
provided; and e scanbwhenedgastubdisifaeciiog thendgel &ewidbediabreyeombugtidaddaviee on a

first side angueRaBPWELIDRAEiHIes Henina eamiesiubainitedar dhe combustian aicfesden @@ of the

combustion devic% opﬁoseﬁ%)nd side ser\aes as an exhaust r(|;|af'=f.introdugtion ung for receivtip from the
. amoun ?1 h a 1s§senerate ?r cgradation, lir e 101en8y lt‘l%tOFI| ecreals)e1 .Tlarne .
combustion space the exhaust gas generated by ‘combustion carried’ou %t € combustion déevice on

the first siddvaHEEREr§XEM ' BeMbGstiTRTortiep shteel i domisdsting ¢ denaievisdadieasdiomgiakBaust gas
in alternating{aghion be carried out between the combustion devices constituting a pair. 25[0015]

[0014]

15 In the melting furnace described above, it is preferred that at least a pair of
combustion devices having the fuel ejector and the combustion air feeder for feeding
combustion air to gas fuel ejected from the fuel ejector be provided; and

in a state where gas fuel is fed from the fuel ejector of the combustion device on a
first side and combustion air is fed from a combustion air feeder, the combustion air feeder

20  of the combustion device on a second side serves as an exhaust gas introduction unit for
receiving from the combustion space the exhaust gas generated by combustion carried out
by the combustion device on the first side, and alternating combustion for repeatedly
combusting gas fuel and receiving exhaust gas in alternating fashion be carried out
between the combustion devices constituting a pair.

25 [0015]

Providing the combustion device according to the present invention to a furnace
wall makes it possible to obtain an alternating combustion-type melting furnace that does
not cause an increase in the amount of NOx that is generated or a degradation in efficiency
due to a decrease in flame luminance, even when the combustion space is limited in the

30 lengthwise direction of the flame in a melting furnace that uses an alternating combustion
scheme capable of efficiently and stably heating and melting an object to be melted.

[0016]

In the melting furnace described above, it is preferred that a pair of the combustion
devices be provided on both sides with the movement direction of the object to be melted

35  therebetween; and

the combustion air feeder of the combustion device on the second side be opened
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Providing the combustion device according to the present invention to a furnace wall makes it possible
to obtain an alternating combustion-type melting furnace that does not cause an increase in the
amount of NOx that is generated or a degradation in efficiency due to a decrease in flame luminance,
even when the combustion space is limited in the 30lengthwise direction of the flame in a melting
furnace that uses an alternating combustion scheme capable of efficiently and stably heating and
melting an object to be melted. [0016] In the melting furnace described above, it is preferred that

a pair of the;camAUSHoN AgYigRs RE Rraded P PR SIHEF B MRVEMANLAEHPYLT #g object

to be melted 35therebetween; and the combustion air feeder of the’combustion device on the second

side be opehisqtSth Zoumstas Sird Fheaier hiticdirerbibHigR M4 IRRcEshY H5e combustion of gas fuel
ejected from the fu€hej8etoe tdrthedcomihestiontostioe drvitredirgicsigesent invhetifteme dorrediby the

C_Omb_UStiO”Eﬁg’!ﬁeaﬁd S RERERG Y NN §Hf%_r Eﬁfé&i‘&ﬁlgtm%q&ﬁﬁetﬁ{ei'f‘lé{i’ﬁ@thd'é‘stﬁ& %H?é%i_ﬁc
direction. As a result, the flame does not efntEr 5 lg}éo the c%mbustlon air fe%%aréci(fééhe combustion

device 8n tHB'Qe 05t BIARS UL A T S5 Hit@rtafirfy WOMBGHB RS & MribRing” h&lfifg"a Structure

in which theatiemblisgcoabfgeretypbthetombustion Hevice anttivetsecond/kide ikeopenbuasimthe distal
end In the ayjakaiestanef Ui Ba0ie (e 4 e GATRYSHANOT@RRNSA decissiromtte fuc
ejector of the cq bustion dlgv}ilcean th? firstﬁfilgie. 10 0011?7;4 ) Ir}t e elltin.% fturcp.?flce desc ib?d
above, itis 6?(é?er EGThA, DU e VAN r&ﬁé}h"ithS WRRCR &Y e FE 5 id T8ThE roVided, the
cross-sectiotiat@redf dicacfumbaseonal toogthhdlisgigdually increases in progression from the distal
end ofithe fuel ejeqigyitpward the inside end face of the melting furnace; and 15the position of collision

between a first eje?tiotrﬂ és,treggwnej?cteg (faro({nsct:h gic{setlgg% ejlc?ctorsr & eldre st%%Pnd eAeFti%ngetr%%W ejected
from the second fuel ejecfgrs isSset futier to the inner side of the turnace wall than the mside end face

of the meltiri§rfitgiabel Usingak Hie dowtigieetmsrniakbes mpddemlttosappresdonalineeaadedn the
temperaturef@inthe fwell ejpciosane éosasiuantageadsiy protpes dhe oz zlemprayvidiechirHiese Beareas.

fuel ejector toward the inside end face of the melting furnace; and
15 the position of collision between a first ejection stream ejected from the first fuel
ejectors and a second ejection stream ejected from the second fuel ejectors is set further to
the inner side of the furnace wall than the inside end face of the melting furnace.
Using such a configuration makes to possible to suppress an increase in the
temperature of the fuel ejector and to advantageously protect the nozzles provided in these

20 areas.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018]
FIG. 1 is a front surface view of a longitudinal section (cross section on the
25 charging port side) of a glass-melting furnace;
FIG. 2 is a view along the line X-X of FIG. 1;
FIG. 3 is a front surface view of a longitudinal section (cross section in a medial
position in the movement direction of an object to be melted);
FIG. 4 is a front surface view of a longitudinal section (cross section on the
30  extraction port side) of a glass-melting furnace;
FIG. 5 is a side view of the main parts in a glass-melting furnace;
FIG. 6 is a partially cutaway side view of a fuel feeder;
FIG. 7 is a detailed view showing the configuration of the gas feed chamber and
the fuel ejection nozzle;
35 FIG. 8 is a descriptive view indicating the state of each flame formed by differently

shaped nozzles;



BRIEF DESCRIPTION OF THE DRAWINGS [0018] FIG 1 is a front surface view of a
longitudinal section (cross section on the 25charging port side) of a glass-melting furnace; FIG 2 is a
view along the line X-X of FIG 1; FIG 3 is a front surface view of a longitudinal section (cross
section in a medial position in the movement direction of an object to be melted); FIG4isa
front surface view of a longitudinal section (cross section on the 30extraction port side) of a
glass-melting furnace; FIG 5 is a side view of the main parts in a glass-melting furnace; FIG 6 is a
partially cutaway sieivigw, of 8fliek{PeHBhing uld iR adRIARAIKIRN SRRl he.cenigtgtion o
the gas feed chamber and the fuel ejection nozzle; 35FIG 8 is a descriptive view indicating the state of
each flame RSP H I HIRETENEREP A% G les:  FIG 9 is a diagram showing the temperature
distribution of the ftiftade) aeilindihgatedshyvdifte tdntlesipapedaneizziebytion #GhtXisradiadwam

showing th%@%gqgmfpemmigﬂggﬁgwnace floor heated by differently shaped nozzles; 5FIG 11
o

is a detailed view ing.the contiguration of the gas feed chamber and the fuel ejection nozzle in
nothepembodimenie RIS B V1o DR SRt e B e T BREe, and

the fuel ejedtiedusbzrtetinnamuthernemiodaintemodiment; FIG 13 is a detailed view showing the
configuration of the-ggs;feed.cagmieanand dBhe.luel cirelionneeziaranehensPhRdime el

ejection nozzle in another embodiment;

FIG. 13 is a detailed view showing the configuration of the gas feed chamber and
10  the fuel ejection nozzle in another embodiment;

FIG. 14 is a front surface view of the fuel ejection nozzle in yet another
embodiment provided with auxiliary flame holes;

FIG. 15 is a view showing the configuration of a fuel feeder capable of adjusting
the fuel ejection amount using an upper fuel ejection orifice and a lower fuel ejection

15 orifice;

FIG. 16 is a view showing the configuration of a fuel feeder that is provided with
four fuel ejection orifices in the vertical direction and that is capable of independently
adjusting the fuel ejection amount;

FIG. 17 is a side view of the main parts in a glass-melting furnace in another

20 embodiment;

FIG. 18 is a detailed view showing the configuration of the gas feed chamber and
the fuel ejection nozzle in another embodiment;

FIG. 19 is a detailed view showing the configuration of the gas feed chamber and
the fuel ejection nozzle in another embodiment;

25 FIG. 20 is a detailed view showing the configuration of the gas feed chamber and
the fuel ejection nozzle in another embodiment;

FIG. 21 is a detailed view showing the configuration of the gas feed chamber and
the fuel ejection nozzle in another embodiment;

FIG. 22 is a view in which the combustion device according to the present

30  invention has been applied to an end port-type melting furnace; and
FIG. 23 is a descriptive view showing the problems of prior art in a cross fired-type

glass melting furnace.

BEST MODE FOR CARRYING OUT THE INVENTION

35 [0019]

[Embodiments]



FIG 14 is a front surface view of the fuel ejection nozzle in yet another embodiment provided with
auxiliary flame holes; FIG 15 is a view showing the configuration of a fuel feeder capable of
adjusting the fuel ejection amount using an upper fuel ejection orifice and a lower fuel ejection
15orifice; FIG 16 is a view showing the configuration of a fuel feeder that is provided with four fuel
ejection orifices in the vertical direction and that is capable of independently adjusting the fuel ejection
amount; FIG 17 is a side view of the main parts in a glass-melting furnace in another 20

embodiment; @ﬁb%ﬁﬁﬁéh&e&@'{ﬁg iﬂ%g%x?ﬁ“fh%’ﬂ%ﬁ%ﬁr\;@HE@PHHerISQR)\Qav%ﬁﬁ%i%P&E@% and the

fuel ejection nozzle in another embodiment; 19 is a detailed view showing the configuration of

the gas feedthdmBEEnd thdhtdreiertis h%‘}‘ﬂ’é’l?ﬁ ARotiemalnpbiiniertesEivrs 3 hichefified view
showing thelogifiguratiorofdhegasfegachanbbe aaptbthdifers @jadtide pbaeleintandtinemg of

embodimengg, SF{Fﬁ@%ﬂés%@éa@%M@W shawing etﬁ@”é&é‘iﬁ@%@cﬁ@lg% faed &hambes and the
fuel ejection nozzle.in Otherg}rﬁn&}ﬁ lment 2.is aV|eW| \ﬁh h the cm}fustlon device

accordifg tothe prese %‘6}89 SR élbepf’gﬁlféaﬂﬂrgﬂb‘)ﬁéﬁ SRR RPRETE By
FIG 23 is a H#sctiptivel vimwshogring thecptioblenizgbmldp dheinpeafosdifirethbtype \gtassimelting

furnace. BEG]MQRE HRR{GARRYING: &{Bﬁr HE INVENTION RIQQR] Brmhaedimgis] depth
Embodiments of the 815 ﬁent |nfv%nt|%n will n]{ﬁed QE V\ilWIth reference tot e raw T%S In the
af

present em H&?ﬁgnt I>1<%1mp T%Wl%%sc ibed i which %eaﬁeng%%vmgge rect SP ﬁ.tl %ctlon is
the depth difeskormoptHughleisetonthmehamwing et I By heceressofiseedirsetidmlinvrriGeay, fmé specific

directigp as yiewestifethewhich the upstream-side direction viewed from the downstream side of the
gas fuel.
The glass-melting furnace as the melting furnace comprises a rectangular melting
zone 2 as viewed from above (as viewed in the vertical direction) in the lower part of a
furnace body 1 having a ceiling formed in an arcuate shape, as shown in FIGS. 1 and 2.
15 A charging port 4i for inputting glass material as the object to be melted is formed in the
front surface part of a furnace wall 4 for partitioning and forming the melting zone 2, and
an extraction port 4e for extracting melted glass is formed in the rear surface part of the
furnace wall 4. The glass-melting furnace has, on the outside of the furnace wall portion
in which the extraction port 4e is formed, a work chamber 3 in communication with the
20  melting zone 2 by way of the extraction port 4e, and has a combustion device N for a
melting furnace provided to both lateral locations of the melting zone 2 and is used for
combusting gas fuel in a combustion space above the area in which an object to be melted
is present in the melting zone 2. The glass-melting furnace is thereby configured so that
glass material inputted from the charging port 41 is made to flow toward the work chamber
25 3 while being dissolved in the melting zone 2, and then made to pass through the
extraction port 4e so that pure melted glass is directed to the work chamber 3.
[0020]
As shown in FIG. 1, three combustion devices N are provided in a line along the
direction (the direction of flow of the glass material; the crosswise direction in FIG. 5) in
30  which the charging port 4i and the extraction port 4e are lined up on each of the left and
right side parts of the melting zone 2. The three combustion devices N on the left side
and the three combustion devices N on the right side in FIG. 1 are configured to combust
in alternating fashion every fixed period of time (e.g., about 15 to 30 minutes).
[0021]
35 A regenerator T extending in the longitudinal direction of the melting furnace is
provided to each of the left and right exterior side parts (crosswise direction in FIG. 5) of
9



5 lengthwise direction of fuel ejection is the vertical direction of FIG 5 (vertical direction in FIG 1), and
the orthogonal direction orthogonal to the specific direction as viewed in the lengthwise direction of fuel
ejection is the crosswise direction of FIG 5 (the depth direction of plane of the drawing in FIG 1). The
phrase "as viewed in the lengthwise direction of fuel ejection” means "as seen in the direction of the
overall flow of gas fuel,” 10 e.g., a state in which the upstream-side direction viewed from the
downstream side of the gas fuel. The glass-melting furnace as the melting furnace comprises a

rectangular meling,zoRs#, 4s é’s‘%ﬁ’&g 'iﬂ"ﬁl@@ve fasgwRARne t‘ﬁ%rESHJb%&SH%)J BeLNg lpwer part

of a furnace body 1 having a ceiling formed in an arcuate shape, as shown in FIGS. 1 and 2. 15 A

charging poft’4 Wﬁ‘i’pﬁﬁtl% RES CE 5@%@1&5}@%1% Al ftnearSAtHBrash Lface
part of a furnesmaeraibd Fanpaciiomcigand fombigh thepasitimg @ob(e) 20 drP@tCextraction port 4e for

extracting melted glessyssiRsmed i dheiremk %&Ff%ﬁé e&&mfsﬁlﬁlfwa@@& VY@“ Andl Qﬁlﬂi‘@ﬁsg&dﬁng
furnace_has, on the out5|de§l the fu%eace wall or,Jgon in f}%&h the extract ﬂ%ort 4e is fokmed a work

chambér 3 iSRS R IHERARS 6 SHHG 2 brhaBy REEPEFIRE b al& PRSP AR has a

combustion gleviice N for a melting furnace provided to both lateral locations of the melting zone 2 and
is used for combusipggas fuel in a combustion space above the area in WhICh an object to be melted

is present in the m% %o asés melti furnac ?kelﬁ{ ¢an g;:i o that. Iass material
inputted from the c ?\ po?;t0 Zi él ] 9% F6 Ffow to‘Wa 1 5 e sis?/vﬁlll%cbeﬁ'n%adlssolved
in the melting<dofier2, aa&me@f@édqmw tmﬁéssommhmhémaeﬁoﬁ%wn@@wmmme melted glass

is diregied t@dhouyadﬁ diﬁﬁé@@é&[@@%ked iASnSheWbin v (ibrag cespistivnigevigss frare
provided in dlrectlg e d rection off ggthe r?%%gaorlqatenal thehcrossw direction

? ge alon bust‘ on arr t e .
in FIG 5) in 50 Which e charging po e extraction p port 4e are d:up on eac e left

and right side parts of the melting zone 2. The three combustion devices N on the left side and the
three combustion dewigs N on the right side in FIG 1 are configured to combust in alternating fashion

every fixed period g me, (50, APRUASIQ 30 MINIERDGPL] 38A speneiatan Tegtending.in the

longitudinal direction ofC e me t|n urnace IS provi to eac texterlor SI e parts
(crosswise difdbfloAtih Maisiesd g ﬁ‘?@%?d&c@’é’dw‘lcaﬁé’%NBWﬁhﬁ TERSNErAQ A taRd At @9 the
combustion ﬁe\ﬂdes Nlﬁigmﬁl@ ficed sanasiidcombashgas:flglk negenebiutstidnt@ibeptoht as assed

through the£ Jr&&@%&?&%@f@ﬁ‘?@ Ifd ggsaﬁmﬂ B&%ﬁﬁ;}%‘%@a(%so&’é)séﬁ%g’%@ The

Combustion is rrle out b e combustion dévices N xhaust gas E 5 therea ter passes

through the %eﬁe&eryiaeﬂhﬁﬁeﬁ%eeewléféﬁésfftﬁéshegt el by B&haust gas E. [0022]  Each of
the combustion deflicesrkisspeavidedhajib ef theldedetet dvatorebfeatit thgahdprebfram arlateral docation

in the 6eMbYRIGNSPALE ﬁ%&&tﬁ%‘%{)@gfﬁﬂaﬂ% 3RasE ((‘i’(ﬂgeashaped) formed in a state provided with
a rectilinear lower edge and a curve-shaped upper edge protruding upward and connecting
the two ends of the rectilinear lower edge, as shown in FIG. 5.
The lower edge portion of the air feed channel 6 slopes downward 10 degrees with
respect to the horizontal direction (crosswise direction in FIG. 1) as viewed from the side

25 (as viewed in the depth direction of the plane of the drawing of FIG. 1), and the top portion
of the upper edge of the air feed channel 6 is formed so as to slope downward 20 degrees
with respect to the horizontal direction (the crosswise direction in FIG. 1) as viewed from
the side (the depth direction of the plane of the drawing of FIG. 1).

[0024]

30 As shown in FIG 1, a flow channel switching mechanism V is provided for
switching between a state in which air from a fan S is fed to a first lateral regenerator T
and exhaust gas E exhausted from a second regenerator T is exhausted to the exterior, and
a state in which air from the fan S is fed to the second lateral regenerators T and exhaust
gas exhausted from the first regenerator T is exhausted to the exterior. The flow channel

35  switching mechanism V is configured to switch between a state for feeding combustion air
A to the three combustion devices N on the left side and a state for feeding combustion air

10



10 combustion air feeder K disposed in an location above the fuel feeder W and used for feeding
combustion air A obliquely downward to the combustion space, as shown in FIG 5 [0023] The
combustion air feeder K is composed of an air port 5 opened in the furnace 15 wall 4, and an air feed
channel 6 in communication with the regenerator T and the air port 5; and is configured to feed
combustion air A through the regenerator T to be preheated to a high temperature and then fed to the
gas fuel combustion area, as described above. The speed at which the combustion air A is fed is, e.g.,

8 to 15 m/s. FhefLasssse el RaRs REING i deed shapnets apribe shapsalis atperts at 20

the distal end thereof is a cylindrical shape (dome ormed in A state provided with a rectilinear

pe ( shaped) f
lower edge A Hﬁ@@%&%‘@ﬁ‘ﬁﬁﬁ@P@Htfésp%%&ﬁgj%b%ﬁ?cﬁ%ﬁﬂ‘%nﬁe%?ma‘lﬁea{\%‘ SHIS '8 the
rectilinear lowecle tlgethaseshomnstidel GeBices Nhe flosveghedgde poetiondeftthecaibfsedicHesundle slopes
downward 1 gegrees with respect to the horizontal direction (crosswise direction in FIG 1) as viewed
from the side 25 ﬁ&géigwed in the depth direction of the plane of the drawing of FIG 1), and the top

portion df the upp b of the air feed channel 6 is formed so as to slope downward 20 degrees with
respect to the horiZdmtdidifectionWthe crogsnideotirartidneih EBI6 1) & whaoheghfrtimlthefgidaofthe depth

direction of the:plang RlNsHrRWIRGAf Feld dalffg4] BEAMSHOWRIE Gstal 24P \Wrahanaelswitching

mechanism Vbis {zéovi%ed orlswit(t:hln beﬁw?fgn a state %n V\{EIC .a%irlfroa‘u ?fﬁm S isffeéi tF a first lateral
regeneratorul1 and eXhadst! 6a%’6|'§ LYh ROty o A SeZoNy r§g R&rator TS s HadStES 1R 'exterior,
and a state i wirdaksedrifropiethiagaga Sis et adhiheoselstipiatered regeerator§ oahd exhaust gas
exhahust_ﬁd from thqﬂ;i&ﬁéﬁwgw fﬁbéqs Rxbaustad é@dﬁgfueefg%q-u]{hgﬁlmghmfgiﬁ@éwymng
mechanism V, is, configured to switch between a state for feedin mbustion air A to t re
combustion Hag B R oA o B ran s A S B R
combustion idefaeiet torthndighesiviall th therskesinitehip e dich Sesteom yridh IRehirdeen
combustion igesieas Noanfthedeftvsitatatr shadeda conmbasiaackayatate in which the three combustion

devices N on the ri i re e 10,co st, ' above, 5[002 Th | feeder W
is composed of a g%%éfz%%g %%%&1 tésv%h?gfg]egagofbge%tiiﬁé% fggﬁnwzla? %ég Zz{é??e%dtg% ?ge%g?gé Yeed

chambeér 1116bmloBetelRYaFE ditlall & ridrstette YHB feskpaie 1o Aidizenial discstin HéheIgepsh
connected tditbetidisia e pihthefghs deadichamBES. ). arithisBoh{00-geatisgigasrtldbindarthiee

combustion e%&%%ﬁe%ﬁa%ﬂ gljﬂlg?egenilgnl.@&m%n\@/ords, the fuel feeder W is configured as a unit in
dtu S '

which the gas fe be 10, the gas feed chamber 11, and the fuel ejection nozzle 12 are integrally
assembled, and is E¢28hed to the furnace wall 4 in a state in which the fuel ejection nozzle 12 has
been inserted into Adfuinsae iw&l@GEY cugindholevésaf] thedivmdde Healird formed in the fuel ejection

20 nozzle 12 in a line in the vertical direction (vertical direction in FIG. 5) as viewed in the
lengthwise direction (depth direction of the plane of the drawing of FIG. 5) of the fuel
ejectors, and the two fuel ejectors F1 and F2 are each provided with a plurality (three, in
this example) of fuel ejection orifices 13, 14 in a line (the crosswise direction in FIG. 5) as
viewed in the lengthwise direction of fuel ejection (the depth direction of the plane of the

25  drawing of FIG. 5).

FIG. 7 shows a side view (FIG. 7(a), as viewed in the crosswise direction of FIG. 5)
of the gas feed tube 10, the gas feed chamber 11, and the fuel ejection nozzle 12 in the left
side of the drawing; shows a plan view (FIG. 7(c) as viewed in the vertical direction of FIG.
S)of the gas feed chamber 11 and the fuel ejection nozzle 12 in the upper right side of the

30  drawing; and shows a front view (FIG. 7(b) as viewed in the depth direction of the plane of
the drawing of FIG. 5) of the fuel ejection nozzle 12 in the lower right side of the drawing
(as the same applies to FIGS. 11, 12, and 13).

The fuel ejection orifices 13, 14 of the two fuel ejectors F1, F2 are formed so that
the ejection streams from the fuel ejection orifices 13, 14 collide on the downstream side

35  of ejection as viewed from the side (as viewed from the crosswise direction of FIG. 5)

[0027]
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The fuel feeder W is attached so that the lengthwise direction of the gas feed tube 15 10 slopes
upward 5 to 15 degrees with respect to the horizontal direction (the depth direction of the plane of the
drawing of FIG 5). This is a 10-degree upward slope in the example drawing of the present
embodiment. [0026] As shown in FIGS. 6 and 7, two fuel ejectors Fl, F2 are formed in the fuel ejection
20 nozzle 12 in a line in the vertical direction (vertical direction in FIG 5) as viewed in the lengthwise
direction (depth direction of the plane of the drawing of FIG. 5) of the fuel ejectors, and the two fuel

ejectors Fl and F2 geeqah,ROMRRd sl ?uQiLéﬁ%l!%r@'?fﬁeﬁirhﬂa'%@%%lpéfe)c%ﬂﬁlﬁ&%“@ pifices 13,

14 in aline ?the crosswise direction in FIG 5) as viewed in t e lengthwise direction of fuelgnlecflon (the

depth direct!Bf BihgIind drang 9 dralviiriprsibses 13 gre poskisteta b vieWeriestagl), as
viewed in théicasswise dimectide of IS Hroffthelgesifend ubalikiclire gassidat chamiyer Tacland the

fuel_ejectione Q akleith é@ﬁ?%“i‘ﬁs‘i’ffﬁf&?é}é%i‘?g.n§ &%@ﬁ&é’éﬁ%@ﬁfﬁ&@c ;ﬁ‘nseX'ﬁﬂiﬁg iy the
vertical direction of FIG 5)of the gas ed chamber W;01 the fyel ?h?itlon nozt{z_lgr%rzbqln the u per right
side of the S%b‘sdrSWﬁ‘%ma Eféﬂ%g\)véna SR GRS (B %Hﬁl%&t vie He Gt idh%f % plane
of the drawingatdmlGrices the digepejivtivd h@kz%elnzhcl Yhdilmvdireighinside dfethéhdrawingf(dsthe

same app“%&@f@ﬁmé&@&ﬁaﬁﬂ%’e?éf&@%cﬁk@&ﬁif%cﬂqmmﬁﬁ é‘;%ct%f‘ @Hf&aﬁw dustt giectong Fl, F2
are formed lihat the (ﬂectlo tlreams from_the f@lel F;gectl rlflces 13, 14 CO||l e o

donnstrean] S8 8P RIERA NGB RASTHES RS LE AN B of FiG
5) [0027] prepatenlicdiagairds to the fuel ejectors FI, F2 and the fuel ejection orifices 13, 14, the

fuel ejegtor P1 andithe fiugl ieatanantices 131am mwmag@mm the N@ﬁi@%ﬂiﬁ@atmmw one
side of the st%ecdflc wecg&a%e?%d e?tplereforr:\bizl E|;tu e an u ef‘hetftor BI?hOf % first fuel
Ie

ejector) and upper fuel ejection orifices (an ex rst eJe fon orifi ces in the' presen
embodimentiTtetueliBfgstdd Fmd i Haa e Majeettb Fop rifie dyal et oERi onad e lvw! iaiekEarertical
direction (ontireethar side of the specific direction), and therefore constitute a lower fuel ejector (an
example of a sec -;%b | ejector) and lower fuel ejection orifices (an example of second ejection
orifices) in the prese bodiment. 10The fuel ejection orifices 13, 14 in the two fuel ejectors Fl, F2

are forlAed so that the &'Fé@m%ﬁﬁl%’f* rréliese diforl 4scbishie GeR) shviiarrestbi tha figldsedeiee shd the
fuel ejectionteuifibedeh3thndseldicieekynyphicacdifarehe fuellkjekiers 2 apihaduahejectnl nifilces 14.

[0028] vertical direction of FIG. 5), as shown in FIG. 7.
[0029]
The fuel ejection orifices 13, 14 of the two fuel ejectors F1, F2 are formed so that

20  the hole diameters thereof are the same and so that the length of the holes is twice or
greater than the diameter of the holes.

[0030]
The gas feed chamber 11 is formed having a fuel feed chamber G that is shared by
the two fuel ejectors F1, F2 in the fuel ejection nozzle 12, as shown in FIGS. 6 and 7.

25 Specifically, openings at the distal end of a cylindrical main unit 11A are connected
to the rear surface of the fuel ejection nozzle 12, and a rear wall 11B to which the gas feed
tube 10 is connected is provided to the rear part of the cylindrical main unit 11A.

[0031]
The gas feed tube 10 is connected to a connecting part of the gas feed tube (not

30  shown) at the base end side thereof, and the distal end side thereof is connected to the fuel
feed chamber G in the gas feed chamber 11. A flow rate regulation valve R provided
with an operation lever 21 for regulating the flow rate is disposed at the base end of the
gas feed tube 10.

[0032]

35 The flow rate regulation valve R constitutes flow rate modification and adjustment

means H for modifying and adjusting the gas fuel amount ejected from the two fuel
12



15The fuel ejection orifices 13, 14 of the two fuel ejectors Fl, F2 are also formed so that the lengthwise
directions thereof are in parallel lines in a plan view (as viewed in the vertical direction of FIG 5), as
shown in FIG 7. [0029] The fuel ejection orifices 13, 14 of the two fuel ejectors Fl, F2 are formed
so that 20the hole diameters thereof are the same and so that the length of the holes is twice or
greater than the diameter of the holes. [0030] The gas feed chamber 11 is formed having a fuel feed
chamber G that is shared by the two fuel ejectors Fl, F2 in the fuel ejection nozzle 12, as shown in

FIGS. 6 andej%ctgg speefically. Rg@jg&ﬁ%f@q@l end of a cylindrical main unit 11A are connected
) i :

to the rear surface of the fuel ejection nozzle 12, and a rear wall 11B to which the gas feed tube 10 is
connected is provi&%@tﬂ the rear part of the cylindrical main unit 11A. [0031] The gas feed tube 10 is
connected to a coriffecgagivartrafctiiogabdeed fublec{pabr3® shdvn)tht flel baseiendside fev€of, and

the distal englsidg e igecrnnected tons Hrldepd shambenGdntheraas feedichambeioht. A flow
rate reg%ulatlo valve R [Prowded with an operation lever %}1 fé)r ge‘gulatln%;&'hggléyv rate |s dlstosed at
149 c

the bas® end & (R4 1§l B MIBRAD. 108327 38 THE ABWHEATEYTHBGON stitQs ibw rate
modificationnamtifaiistraedadiesing ™ fozamrodifying and adjusting the gas fuel amount ejected from

the two fuel ejectofs Bin&2viie fug! ﬁiﬁﬁmno@ag%lqa@-fed to the three combustion devices N
provided in a line along the direction in which the charging port 4i and the extraction port
4e are lined up (the direction of flow of the glass material; the crosswise direction in FIG.

10 5) is set to increase in progress from the side near the charging port 4i toward the
extraction port 4e.

[0034]
Therefore, the length of the flames formed by the combustion devices N varies, as
shown in FIGS. 1 to 4, such that the flame formed by the combustion device N nearest to

15 the charging port 4i is shorter than the flame formed by the combustion device N
intermediately disposed between the charging port 4i and the extraction port 4e, and the
flame formed by the intermediately disposed combustion device N is shorter than the
flame formed by the combustion device N nearest to the extraction port 4e.

[0035]

20 The object to be melted (glass material) is present in a concavo-convex state in the
vertical direction prior to melting in the area near the charging port 4i. Therefore, it is
preferred that the combustion flame essentially extend obliquely upward in order to
prevent the combustion flame from making contact with the object to be melted (glass
material). In the present embodiment, the combustion flame in a state extending

25  obliquely upward can be formed by adjusting the amount gas fuel in the combustion
devices N near the charging port 4i.

[0036]
Also, the melted upper surface of the object to be melted (glass material) is
essentially flat in the area near the extraction port 4e, and it is preferred that the flame

30 extend considerably along the upper surface of the object to be melted in order to allow
the entire object to be melted (glass material) to be uniformly heated by the combustion
flame. In the present embodiment, a combustion flame in a state of being longer toward
the horizontal direction (the crosswise direction of FIG. 4) can be formed by the
combustion device N nearest to the extraction port 4e.

35 [0037]

In the intermediate area between the charging port 4i and the extraction port 4e, the
13



[0033] The gas flow rate from the two fuel ejectors Fl, F2 in the fuel ejection nozzle 12 of the
combustion devices N, in which three are provided to each of the two left and right 5side parts of the
melting zone 2, is set in the following manner by the flow rate modification and adjustment means H.
In other words, the amount of gas fuel fed to the three combustion devices N provided in a line along
the direction in which the charging port 4i and the extraction port 4e are lined up (the direction of flow
of the glass material; the crosswise direction in FIG 105) is set to increase in progress from the side

near the chaygifg DRk ALioRY Eﬁ%gﬁ@féﬁo('éﬂmﬁaﬁe&%?‘é]essentTeﬁF;f GRS (S JSRgNRT the, flames

formed by the conibustion devices N varies, as shown in FIGS. 1 to 4, such thatthe flame formed by

the combushSH Y&/ RET RR AL HOPHS ThERIRH A P ICeRYHef taH e NSFHEYSHIRSHBY the
combustion Hearide, ifite rnediatetn dispos ed ve tregendheocchargingyontddinamd theadytthaticheport 4e,

and the flame.formed fpy theinig fetgly slisrpsedrampustion davice Nossabaresnhaethaflame
formed by th%com ustion device N nearest to the exthactlon ort 4%ﬂ£8035 20The object to be melted
i §F | cﬁ‘c?rﬂi

(glass MateARIMHYSRITH 1 QIR I REDIFIL S SRMRIHIOY iBﬁ&PPéaﬁfe‘ﬁiHbth? the area
near the chatyivg todre aiciiérbefaremtieriptpfee ththatetitatconhbditiont flamenessentiahs éxtbrd

obliquely upyuarctdn arglerfocBreyenidhercenebustiondlape fommakingcontagtavith hriabiast to be
melted (glass ater.iarlé.f{n thefé)res I‘Iljt etmbodin%ent, the, cambustion flarc‘pe ir11 a state gx{)/endir%ﬂ 25
obliquely up‘f/(\?arf} EHRTHE 48K %ﬁﬁa&fugﬁnﬁo uéciﬁ%lu%?vdg% LA T IS b SRS GeVTe¥E N near
the charginghsothaigijonpeit 41 anidbe thearsicacPapp surfdcenaidhacobigicatty b wieHdbaylass
mater;a@ is e_%mﬁaﬁnl ﬁmﬂeh ibﬁtﬂi&@f‘ﬁgwﬁ}ﬁiﬁ(@ﬁé@quf@a@?ﬁei‘q&@g’?@&wﬂ Ifhl,a&ﬁr?aﬁlar_ne 30
extend considera ng the upper surface of the object to be melted in order to allow the entire
objectto he L IS S S S ey R oy e S AP 8 s

embodimenkeancobegtidifdhte jArabsdianof peien d doneeé o W s eneb Heib Heiefr SEtina (e
crosswise digeti@afpolcas) sadm dhe formedibyrieecopbusticanydevigeally nraiestintialaxtiasiion port

de. 35[Oogqthe crosswise direction of FIG. 3) can be increased.
15 [0038]

In other words, each of the three combustion devices N lined up along the direction
in which the charging port 4i for inputting raw material into the melting zone 2 and the
extraction port 4e for extracting the melted object are lined up (the crosswise direction of
FIG. 5) can form desired combustion flames in the melting furnace.

20 [0039]

It 1s furthermore apparent from FIG. 6 that, in the furnace wall through-hole 4s in
which the fuel ejection nozzle 12 is provided, the cross-sectional area of the furnace wall
through-hole 4s increases in progress from the distal end of the fuel ejection nozzle 12
toward the inside end face of the melting furnace, and the collision position of the upper

25 ejection stream ejected from the fuel ejector F1 (upper fuel ejector) and the lower ejection
stream ejected from the fuel ejector F2 (lower fuel ejector) is set further to the inner side
of the furnace wall than the inside end face of the melting furnace.

[0040]

It 1s furthermore apparent from FIG. 4 and other drawings that, in relation to the

30  fuel feeder W, the combustion air feeder 6 of the combustion devices N on one side is
opened in the distal end side in the axial direction (essentially, the axial distal end of the
fuel feeder W) of the flame formed by combustion of gas fuel ejected from the fuel feeder
W of the combustion devices N on the other side.

[0041]

35 [Experiment Results]

Described next are experiment results of mounting the fuel feeder W described in
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In the intermediate area between the charging port 4i and the extraction port 4e, the partially melted
object to be melted (glass material) is essentially not as large as in the area near the charging port 4i,
but is present in a concavo-convex state in the vertical direction. Therefore, the combustion flame is
not required to be set upward more greatly than the area near the charging port 4i, but it is preferred
that the combustion flame extend 5 obliquely upward in order to prevent the combustion flame from
making contact with the object to be melted (glass material). In the present embodiment, the amount of

gas fuel is a&@éfﬁﬁ'oﬂﬂﬂeﬂt%@@é‘ﬁii%J!cﬁ@l?n?éﬂaﬁﬂ?éﬁﬁ)’g%ﬁ%@%ﬂg iéhﬁﬁn S WG s, combustion

flame formed by the combustion device N intermediately disposed betweenthe char%ln port 4i and
the extraction port 485§ TRST R Rroringriungca M ActeriR thehd & BmbastEdh Hathe - foPtnatdby the

combustion deviite Nafda® the charging port 4i, and in a state in which a combustion flame can be
formed so as to extg(j@lzq)bliquely upward and yet be no longer than the combustion flame formed by

the combustion deyjce N near the extraction port 4e; and the.length in progress toward substantially
the horizontal direcHOn e SF5USRTL PECHIOH b 1695 AARSH e EHLAR IR0 3b7 1 U, Biner
words, eachesfdabatirelecootitbustidn tevicamN Vined gotaligudpttrdaiedotigrnnrihwhicerahdishaiging port

4i fOf inputt_i BQJ&W@@E%@'IH&%’I%@E'%@ @@11%,Zt%ﬁeﬁ@ﬁte%H@GF@rﬁpfﬁéﬁ)Wr@ﬁfﬁ%mﬁ the melted
object are lined.u e Crosswis cfill’eCtIOI’l qf FIG 5) can Lorm desire c?lmbustlop lames i }tlhe
ei%%ﬁ?@? ; OPﬁ'Cfs RIVREPRIore Sparent HofiRie B s " Hd i ALee A the

melting furndde
through-holémgssiviisehireehiefud] Ejectionandzitie uppiy protade dlahedcdosgrseediciiafiegesofitiie furnace

wall thigugh-hple deingreasasdnrearaso i qmdha slistate g &iitbe fifekriection mazzlariliieward the
inside end fagce of elting furpace, and the collision pasitian of the upper 25 ejection stream
tioctod fon TS U Re o Ao A S AR HRATAIRF LIRS B BTN BTRT e e
ejector F2 (IB\warFuélcajhetonnacsetriithér ld@he inner side of the furnace wall than the inside end face

of the melting furnage: {0RWRk oS furhermareapERET fantdd @ 4 angd other drawings that, in relation
to the 30 fuel feed the Jstion air,feeder. 6 of the combusti ewvi N on one side,is
opened in the disto ol Beia o Tk Ak ST oA R O REPRIE DS cer
of the flamethsrAtBaUsy EBrHBstieRdhg Re o epstrdipdiprtiie Avanfse des W isieA s eshntistisn
devices N ofidbesotfiereside. [0041] 35[Experiment Results] Described next are experiment results of
mounting the fuel feedgr W described in the embodiment above in an experimental heating furnace

and carrying out combustion. The experimental heating furnace had a depth D of 8.8 m, a height Y of
1.6 m. and a width 1hefgsglis of making various modifications to the nozzle provided to the fue

feeder W in such an experimental apparatus will be described with reference to FIGS. 8, 9,
20 and 10.

FIG. 8 shows the various types of nozzles used in the study, the shapes of the holes
as viewed from the front (the depth direction of the plane of the drawing of FIG. 5), and
the shapes of the formed flames (as viewed from above (as viewed in the vertical direction
of FIG. 5), and as viewed from the side (as viewed in the horizontal direction of FIG. 5)).

25  In the drawing, in the column with the shape of the flames as viewed from above in FIG. 8§,
the upper side is the distal end side of the flames, and in the column with the shape of the
flames as viewed from the side in FIG. 8, the left side is the distal end side of the flames.

The types of nozzles included a round-hole nozzle, an oval-hole nozzle having a
major axis in the horizontal direction (the crosswise direction of FIG. 5), a flat-flame

30 nozzle in which nozzles having a plurality of small-diameter holes in the horizontal
direction (the crosswise direction of FIG. 5) are disposed in two rows above and below
each other, and an impinging jet nozzle according to the present invention in which three
nozzles having an intermediate diameter in the horizontal direction (the crosswise
direction of FIG. 5) are disposed in two rows above and below each other.

35 [0044]

As a result of the study, as shown in FIG. 8, the round-hole nozzle formed a flame
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[0042] 5The cross-sectional shape of the air port for feeding combustion air A and the air feed channel
continuous to the air port was a rectangular shape long in the lateral direction. Specifically, the lateral
width was 0.9 m, the height was 0.45 m, the lower surface of the air feed channel sloped downward 10
degrees with respect to the horizontal direction (the crosswise direction of FIG. 1), and the upper
surface sloped downward 20 degrees with 10 respect to the horizontal direction (the crosswise
direction of FIG 1). This structure shows that the shape of the opening of the air port varied with

respect to tr{ﬁa’%“&:@&?&q@é&h& %%'Plilﬂ%gr %Eﬂ?oﬁ’iﬂatﬁ% %Q?M"Eh‘f%f 1Gh rTHE SRMBURLION QLA \igs air at

1,000C and fed at 4 m/s. damper for adj ustln(%aex aust resistance was provided to the flue

through whighos e dh s gaéléiffg‘vlvgvﬁhaoclﬁenﬁé bR tHame Mptg ek NHy frihed simply
as the floor burfaoga]@d48{ion, asTippaestifsof inakiny Vanoubanedifidatidmsdshtiielnbagtevpdenided to

thedf?_gl fequréwg W%ﬁ?@ @He%ﬁ%ﬁ”%eéﬁﬁhﬁa%P@féﬁ'}@H@'w%ﬁiq?tﬁ?pﬁlﬁdsmgh r%&%@ﬁ&@s}?ﬁf ItﬁéieS 9, 20
an SNOow. various ypeS (0] es used Iin e Stu e.Sha (0] e noles as
oved Trom B Rab et 1A GHEALIT B TAE SR FATTD CEC i ARG o the
formed flaméws (astidelvbetétom, dlob e (aspiieved¢h thezlerfchk direstivreobpd@nsht aldwedvikeved from

the side (anYél%Weﬂ)i%ﬁ%rh@ﬁiZ&@t%‘egﬂf@ﬁtiaﬂ&%}ﬁ(tﬁé) waikhthedeawingiFibe splwhilewith the
shape of the flames as viewe fro above in 8 the EJ)??S side is the dIStaﬁefﬁ side of he flames,

and in the cORINVASHIth $h&%Ha réa%f tW&sﬂa%%twgsy vie the lslledeh%nﬁ?&t B % fs the
distal end sigleviihe digeatsn in Fiaedtypes of nozzles included a round-hole nozzle, an oval-hole
nozzlejphaving a m@g’}mg](is in the horizontal direction (the crosswise direction of FIG 5), a flat-flame 30

nozzle in which no%es hevmg[ a plur |I¥¥ 8mﬁ1 iameter hoI sin tpe horlzontal dl{elc(guont Ghe

crosswise direction of FIG byare disposed in W O alSaUE A Delow 6acly Bthar Ahd S 'ifpinging

jet nozzle adeBiding BamepresaroRashtidiie el RpeefoLsIE ek g WA intekredaeddi@meter in
the horizontaldiieabendthesiasswise direchianphEdeyThareitisnestskinivnmairawsialneseAnbebelow

each other. ?’%IH% ’161‘§e%t{ h tg}leusst&f% 3&0}9{% p ath round-hole nozzle formed a flame
S a

that extendea in rectilinear a n in the aX|a ectlon o me as viewed from above and the
side; alidl the oval-H¥léMozzle formed a flame that widened fIatIy in the horizontal direction, as
apparent from the Viewdppneabavehaogparilacie thatldidhaotiwidepiipthe jeeriicadlldisectiatin@soapparent

fom the viey SBEUIE S0 0, coMEAT, Rhesen® aaalseirlarlampanszisomed s lame tha

widened in t orizontal direction and the vertical direction, but the impinging jet nozzle of the present
embodimenP&ifihedome RarEneritial if thatvsrirsir b dichedienasrica) @R tBs £RIIBS while
the convergentstatethendahevisretatipelytraintained in the horizontal direction (the crosswise

directigp in FIG 5). 40[P04Rk: of %Q%&SHQ%’@N@%@WE&@A&%@%‘C'QB&EQ‘Hﬁ‘éﬁﬂ;‘l‘ietﬁ’é hg.experimental

heating furnace were measured for each of the nozzles and the results are shown in FIGS. 9 and 10.
An oil nozzI?V%W%%ﬁ]@@hﬁ]WH%%?Bg%ﬂlbr another liquid fuel is used as the fuel has

conventionally beeW$éd in a glass-melting furnace.
(Another embodiment of the fuel feeder)
Described next is another embodiment of the fuel feeder W.

25 In this embodiment, two fuel ejectors F1, F2 constituting a pair are formed in a line
in the vertical direction (an example of the specific direction as viewed in the lengthwise
direction of fuel ejection) in the same manner as the embodiment described above, and
fuel ejection orifices 13, 14 of the fuel ejectors F1, F2 constituting a pair are formed in a
state in which the jets collide on the downstream side of the jets as viewed from the side

30 (as viewed in the crosswise direction of FIG. 5), and the feature in which three fuel
ejection orifices 13, 14 are formed in each of the nozzles is the same as the embodiment
described above, as shown in FIGS. 11 and 12.

[0048]
A feature that differs from the embodiment described above is that the three fuel

35  ejection orifices 13, 14 provided to each of the fuel ejectors F1, F2 are configured so as to
widen in a radial fashion to the ejection side, as shown in the plan view in the example of
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15[0046] It is apparent in the experiment results that the impinging jet nozzle according to the
present invention suitably heated the position nearest from the nozzles (the position nearest from the
furnace wall in a state installed in the furnace) in terms of the ceiling temperature and the floor
temperature. 20As a result of measuring the NOx of exhaust gas flowing through the flue, the levels
were within the permitted concentration. [0047] (Another embodiment of the fuel feeder) Described
next is another embodiment of the fuel feeder W. 25In this embodiment, two fuel ejectors Fl, F2

constituting gypayn aigdomey i AHRS IR lieverieal diraiandanfaprie ﬁf ha §Fée‘c‘6fﬁ‘h gtion as

viewed in the Ien?thmse direction of fuel ej ectlon% in the same manner as the embodiment described

above, and FQet%e]R GRON BRTiEEM™ 210 SRR RIS 6 F DY LSttt 8% PaYY e W7 Rl in a
state in whichethenebs eallidplonithECddW (istée 41 ®ideaofitive jetsasividwedrfromh dhrecsioe 0801(@s
viewed in the,crosswise direction of FIG 5), and the feature in which three fuel ejection orifices 13, 14
are formed in each 8&9? nozzles is the same as the embodiment described above, as shown in FIGS.
11 and 12. [0048] A feature that differs from the embodiment described above is that the three
fuel 35ejection orificethib3;mbEogiovide thtofec o cofarefudf 2 @otsig Fhg=2mie iodhfiganee sanastto widen

in a radial faghign I hGIRIRGHOM: SidBeas:s0eW AN FG&E@HW igviiR the xaeRieofdR&l6h1h(FIG
11(c) is a view in the v fert al direction of F G 5?!' re. co%ifl ured s s to convi%e within a

predetermlnecfl me%%g Ot'lllqﬁgegj Gt 1re§che 48 LIS 1 e fﬂ%ﬁ \Wesﬁf/ %F ?ﬂ ?FIG
12(c) is a viehwws seehly: tHé. véliiﬂcélfdlf@dtl@lﬁ@ﬁ@G)15§1C§E0®39]14 of ﬁhﬁl@@inbﬁdtmérﬁ 1thEXuel

ejeC}or@ Fl, E&@@mﬁﬂtlgt&rmﬁ ARifdAtbe ﬁﬁélf?@ag@?]ﬁl%ﬁ@ﬁ;ﬁ&%&ﬂ&ﬂﬂﬂ@@ﬁtﬁ@%m&e@myﬂh@& formed
e e e e e eame e e s e sA e el
Fl, F2 manner as the embodiment described above.
[0050]
A feature that differs from the embodiment described above is that the number of
15 fuel ejection orifices 13, 14 provided to each of the fuel ejectors F1, F2 is a single ejection
orifice in the example shown in FIG. 13.
[0051]
In the present embodiment, the fuel ejectors F1, F2 constituting a pair are formed
in a line in the vertical direction (an example of the specific direction as viewed in the
20  lengthwise direction of fuel ejection), as shown in FIG. 14, and the fuel ejection orifices 13,
14 of the fuel ejectors F1, F2 constituting a pair are formed in a state in which the jets
collide on the downstream side of the jets as viewed from the side (as viewed in the
crosswise direction of FIG. 5), in the same manner as the embodiment shown in FIG. 13.
The number of fuel ejection orifices 13, 14 provided to the fuel ejectors F1, F2 is the same
25 1in that there is a single fuel ejection orifice provided to each in the example shown in FIG.
14.
[0052]
A feature that differs from the embodiment shown in FIG. 13 is that the fuel
ejectors F1, F2 are provided with auxiliary ejection orifices 23, 23 that are positioned in a
30  medial position in the vertical direction (the specific direction as viewed in the lengthwise
direction of fuel ejection) between the first fuel ejection orifice 13 (upper fuel ejection
orifice) and the second fuel ejection orifice 14 (lower fuel ejection orifice), in relation to
the fuel ejection orifices 13, 14 constituting a pair in the vertical direction (the specific
direction as viewed in the lengthwise direction of fuel ejection), and that are positioned to
35  both sides in the horizontal direction (the orthogonal direction orthogonal to the specific
direction as viewed in the lengthwise direction of fuel ejection), in relation to the fuel
17



10 constituting a pair are formed in a state in which the jets collide on the downstream side of the jets
as viewed from the side (as viewed in the vertical direction of FIG 5) in the same manner as the
embodiment described above. [0050] A feature that differs from the embodiment described
above is that the number of 15fuel ejection orifices 13, 14 provided to each of the fuel ejectors Fl, F2 is
a single ejection orifice in the example shown in FIG 13. [0051] In the present embodiment, the
fuel ejectors Fl, F2 constituting a pair are formed in a line in the vertical direction (an example of the

specific direghian A YIRWE 11 i'l‘f*cﬁ@tlﬁﬂﬂij@‘ﬁ’?ﬁﬂ%ﬁﬁg%&fcgf%'i@&%i?ﬂh%éf&ﬁ‘é’ﬁﬁ%&i‘& 1¢, and

the fuel ejection orifices 13, 14 of the fuel ejectors Fl, F2 constituting a pair are formed in a state in

which the jetdO6ifld@ S R HEWHSAULRIGBO bRk S8 hie B HEtiRe JRiPAsVEGRS it the
crosswise digcationled FGvEhigahtisbimemtbapey sdhebenibadiment) sindviineigas Ifseti3:hnthberumber

of fuel ejectignorifises)L3.144 RIRVided 1gdhalusheiestors FlaRads the same 25indhat there s a single
fuel ejection orifice provided to each jn the example shown in FIG 1 .%]0052. .Affﬁtur that differs
from the emUETHHAN ISR B3R S 3G RAE s fle) LSELTANY e s i VTPt i hmaly

ejection orifideecA8n 28 that plrmpodition cdaiming 30 édidipesiticheinltvetuartibal divection (loeespecific
direction as yiewed i theJanaiawise direction oliuelsiacinnhemesnitas fifs fuskeiectiongrifice 13
(upper fuel Gﬁection ?rgicegt.and tt]r;e second ug] e&ectionfcig'if' g 4?4 (]Loeqer fLi(f| .%jection.orificfeihin
relation to thé)lﬂ%gflg]e 6 lé)r'i'fi((:eg {Lg,nﬂné%n it ?HB gpal in the vertic? }?éc?igﬁsfltﬁ%ns eclfic
direction as GrsiWerd sHahaderrstiedisendireelion affionepediisn)! haHsategkemssitonediess3Bbdth sides
:n thehm@rizqn@fwr@féf&fa)ﬁltbﬂﬁxfél@qgon@&ﬁkaféi%}e@tﬂ?@gi@ﬁ@%@ §B&a§lﬂ9?ﬁ%cﬁrﬁﬁﬂﬂé}%§a\&i@!&€d in the
engthwise djrection of fuel ejection), in relatiop to t 17 ejection orifices 13, 14 coenstituting a pair
i the vertiol el e Bodt U U hebect i s St GG S e o,
The auxiliar{eefsetBrsdtifiese®@8d.23 are also fed with gas fuel from the gas feed tube (not shown) and

the gas feed chambecHnakahewsjectiva atitiliay.egebonarifices 2 bbdiejrat gasWheh BIE.SEY, SO that
the 5 direction i ich.gas fuel is ejected is t rtically .intermediate direction (front/back direction
of the planea%;até%exv rg(\?vP% |rr(1§ ‘f—lﬁ(%gltj?g% q‘ﬂfg%ﬁgﬁﬁ%ﬁ% ézg#;] ggéggnvéf slope upward or downward), and
are pra¥ided in a cH893dise position and parallel to the horizontal direction (the horizontal direction of
FIG 14) of the collisiohgesibiodiattitedejeciied steans ejefileddiiomae fvel éjectadigrifisefndB (upper

fuel ejectionﬁ%r]iflicae%}n%q@ gas feed chamber to the fuel ejector F1 (upper fuel ejector) and the fuel
ejector F2 (lower fuel ejector), 1.e., the fuel ejection orifices 13 (upper fuel ejection
orifices) and the fuel ejection orifices (lower fuel ejection orifices 14). In this

20  configuration, the amount of gas fuel ejected from the fuel ejectors F1, F2, i.e., the fuel
ejection orifices 13, 14 is about the same. Therefore, the shape of the flame to be formed,
i.e., the direction is essentially determined by the direction in which the fuel feeder W
slopes.

[0054]

25 In contrast to such a configuration, the direction of the jet after collision, i.e., the
direction in which the flame is formed can be adjusted when a configuration is used that
allows adjustment to the flow rate of the gas fuel fed, i.e., ejected between the fuel ejector
F1 (upper fuel ejector) and the fuel ejector F2 (lower fuel ejector), i.e., the fuel ejection
orifices 13 (upper fuel ejection orifices) and the fuel ejection orifices (lower fuel ejection

30  orifices 14).

An embodiment of such a fuel feeder W is shown in FIG. 15. The difference from
the embodiment shown in FIG. 6 is that the flow rate modification and adjustment means
H is configured using flow rate regulation valves R1, R2 disposed between a single shared
base end-side tube 10A and a pair of tube channel portions 10B.

35 In other words, the pair flow rate regulation valves R1, R2 are linked so as to be
integrally (simultaneously) opened and closed by a connecting shaft 20, and a

18



10 the fuel ejection orifices 14 (lower fuel ejection orifices) so as to have a smaller diameter flame port
than the fuel ejection orifices 13, 14. As a result, the distal end of the fuel feeder W can be cooled.
Such auxiliary ejection orifices are provided in the embodiment shown in FIG 13, and can also be
provided to the embodiments described above. 15[0053] In the embodiments described above, a
configuration was used for feeding gas fuel from a single gas feed chamber to the fuel ejector Fl
(upper fuel ejector) and the fuel ejector F2 (lower fuel ejector), i.e., the fuel ejection orifices 13 (upper

fuel ejection, ot ﬁﬁlﬁg%mﬁét{ﬁie‘?h‘?&&'%é}m i6aSilRwen fygl 6l ‘?égfgﬁfégﬁﬁﬁt%@oﬁ'@ly?'% éing

configuration, the amount of gas fuel ejected from the fuel ejectors FI, F2, i.e,, the fu ejectlon orifices

13, 14 is abBUf fes@niBe ﬁ%‘fé?é‘?ereﬂ‘r‘éagﬂaﬁé‘lﬁiﬁfr% ﬂ:l?ﬁést@rﬁélf’&ﬂneé[‘ lﬁeeﬂotﬁéadﬁé tign
essentially defeaniRedR2yafrecdivegtiod svwhicththdcfued fdedemitestd peSr{0082¢ 26inaremirdsisto such

a configuratigg dé’ﬁé@@ﬁ% B r}?flﬁfea&%ﬁ@mﬁl@@qk%d‘iﬁh%&“fﬁ%%@n‘éﬁl‘&t’% feflamgits fagmed can

be adjusted when uratlon is used that allows adjustment to e flow rate o as E{éL,JeI fed,
i.e., ejected Betiek tt %.P&r%ﬁ]é)& FYET UplS PR Ses 5K thet eﬁl(é%ﬁ%er Eﬁ‘fﬁ%‘\w ¥ Féjector)
i.e., the fuelkkje®barorficEgured(sp tet theldsjartian opfivas)dribiethecfud! wjbctionorificed @dother fuel

ejection 30qJifiges dfth enmg\@fem@@ﬂgmmef@%&h@ewq%f&ﬁqﬁfewédﬁaﬁhpa@/ﬁwﬂ Rifeh1Be EReflifference
from the embodiment shown n Fl 6 is that the é%e te modlflcatlondaﬁld a%(%Justmgnt means H is
n

configured J8 ﬁ%d oW FAtE egﬁYSﬂo vavesiR1" pos BN e a Ningie ShaleBPFANE dhd-side
tube 10A arthangetriaftheowppsirmérgiitions 10B. 35In other words, the pair flow rate regulation

valvesiB1, R2 are linked sRiag &@rﬂﬁglﬁ@ﬁf@%a(&imt%@@ﬁﬁlﬂ&)a@ﬁ@ﬂ% anshclaseast e gonrgcting

shaft 20, anE remprocat swmrgtg ER%e%ger%Iio Iever2 far mte)gra(!yﬂgsn{l ulfane usb( opening

and closing fie ISt rbte regu évt?c?n va ves OP/Pcfe %]?Fow rate regula H\ales 1, R2

are configurdelvey fivat theceyree. dheﬁs’@ﬁuﬁ@@#@fﬁ@ﬁ@awé?uéqw&&@cm@tﬂﬁé G@@F@é) @Péﬁéﬁlng of

the second Yadvejigtiod weHibéd domenengwiateibashidiesvitathe 5 extent that the operation lever 21 is
swung in one direcg&c? he flow rate regulation valves R1, R2 are configured so that the degree of
opening of the sec Ive is increased as the degree of openln of the first valve is reduced in
comménsurate fashibrilgitHRAE aRtast thist eRisshdratisn malsd2 2lasswiiAt it thés obieseairdBtidn, and
the degree ebapsningischanged ihdherappadiitecdoe piien.td Ouéding sudie areaniigtithdionanakes it

possible to gl herfongie g e lushiEdhi e %%?oql%%@%gtm%ﬁ@ay%%&ﬂaﬁuqner fuel

ejector) an fuel ejector F2 r fuel ejector) e fuel ejection orifices er fuel ejection
orifices) andPEHE flfePE¥EHON O AABRY HiRRE 4TS %fé&tfaﬁl%?%@g@a) WobgBy object ( be melted

(glass material).
20 [0056]

Also, the melted upper surface of the object to be melted (glass material) is flat in
the area near the extraction port 4e. Therefore, it is preferred that the combustion flame
extend considerably along the upper surface of the object to be melted in order to allow
the entire object to be melted (glass material) to be uniformly heated by the combustion

25  flame.

[0057]

In the intermediate area between the charging port 4i and the extraction port 4e, the
partially melted object to be melted (glass material) is not as large as in the area near the
charging port 4i, but is present in a concavo-convex state in the vertical direction.

30  Therefore, the combustion flame is not required to be set upward more greatly than the
area near the charging port 4i, but it is preferred that the combustion flame extend
obliquely upward in order to prevent the combustion flame from making contact with the
object to be melted (glass material).

[0058]

35 The use of a fuel feeder W capable of individually or mutually adjusting the
amount of gas fuel in the flame position near the charging port 4i, near the extraction port
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15As described above, the object to be melted (glass material) is present in a concavo-convex state in
the vertical direction prior to melting in the area near the charging port 4i. Therefore, it is preferred that
the combustion flame extend obliquely upward in order to prevent the combustion flame from making
contact with the object to be melted (glass material). 20[0056] Also, the melted upper surface of
the object to be melted (glass material) is flat in the area near the extraction port 4e. Therefore, it is
preferred that the combustion flame extend considerably along the upper surface of the object to be

melted in orggrJﬂdaiuloé{vlﬂéﬁlﬁﬁﬂéi@lf?@ﬁeﬁé@e@ﬁ {Hg%%ﬁ§%§§§?@f)%’é‘§}gléot@%&U&ﬁ?&[ﬁ%ﬁﬁ?’a}&&ey the

combustion 25flame. [0057] In the intermediate area between the charging port 4i and
extraction pdtt AR phEaiyshisddg Bisdeckoipdareibd cotaddhndvetial§s %?%@‘i%ﬁ*dé dhin the area

near the charging pov64i, but is present in a concavo-convex state in the vertical direction. 30

Therefore, the CO”IQ%E%%@%&QQH&MG%&QG SGHHR) ‘P@f&@ﬁ’f%ﬁf&ﬁ%tﬁ?&' éy&tg;gq:pear the
chargin E4| but it |s referred that the combustion fl m Exten obI wardrfﬂ:iédig
0 ). [0058]

prevent’the %&‘Bﬁé’ﬁ‘b‘ﬁ BRI MAK AP ROAYSET ATtRTRE o BIER ‘BS 1484
35The use dbuarflietfendaniy/ CapaBle Iof.iddividaaso vidasutuallycadfusting dhecﬂwml(ﬁteofvgamﬂjel in the

flame positigiaerinthe FRArgNGRITEAbRAAG HIREXIACHAN PO cAfcaRidiiddMBdighe gqhgetween

the ports makes it possible to ac vanta h amo tof S fueI fed to the ctors Fl,
2 ot the RIS SRR T RHE LT S 100Gt e BEHIE (eciRSA b B0 Loing Parone
which the fu]@l\’éjé(f:WﬂEEthFzr@cﬂmftgvéedﬁQj pp@rdanm@\ﬂ@r ﬁﬁaﬂ weredtscatethdbie imeheexample

showmin Fl@lél@]é@i&dﬁ@',ﬂj@,cft?isfﬁ' affi@ tie3fuErepsaiBrovitaadn the aerticad dirgeugndiviguerical
direction in FI n}é | ejection orifices 13, 14, 15, 16 are provided in corresponding fashion to the
four fuel ejec?or PeIEZ F3, F4, the jets from the upper two ejectors and the lower two ejectors are
configured to collld[é)oéﬁh the feed rate of the gas fuel to the four 10fuel ejectors Fl, F2, F3, F4 and the

fuel ejection orificem b3hdrdwdRis1hean bebadividuallyeetesmirea§006a12, F3, F4 are formed in
a line in the vertical direction (the vertical direction of FIG. 5), as shown in FIG. 16, and
15  each of the four fuel ejectors F1, F2, F3, F4 is provided with a plurality of fuel ejection
orifices 13, 14, 15, 16 in a state lined up in the horizontal direction (the crosswise
direction of FIG. 5) as viewed in the lengthwise direction of fuel ejection (as viewed in the
depth direction of the plane of the drawing of FIG. 5). Additionally, the fuel ejector F1 is
provided with a plurality of fuel ejection orifices 13 that are lined up in the horizontal
20  direction as viewed in the lengthwise direction of fuel ejection. ~ Similarly, the fuel ejector
F2 is provided with a plurality of fuel ejection orifices 14, the fuel ejector F3 is provided
with a plurality of fuel ejection orifices 15, and the fuel ejector F4 is provided with a
plurality of fuel ejection orifices 16,
The fuel ejection orifices 13, 14, 15, 16 of the four fuel ejectors F1, F2, F3, F4 are
25  configured so that the jets from the upper two rows collide with the jets from the lower
two rows as viewed from the side (as viewed in the crosswise direction of FIG. 5).
[0061]
Also, in this embodiment, four tube portions 10B are provided, the gas feed
chamber 11 is partitioned into four fuel chambers G1, G2, G3, G4, and four flow rate
30 regulation valves R1, R2, R3, R4 constituting the flow rate modification and adjustment
means H are provided so as to correspond to each to the above-described four tube
portions 10B, respectively, each capable of being separately operated.
[0062]
Yet another embodiment of the fuel feeder W will be described.
35 In this embodiment, fuel ejectors F1, F2 constituting a pair are formed in a line in a
specific direction as viewed in the lengthwise direction of fuel ejection, and fuel ejection
20



In other words, in this embodiment, four fuel ejectors Fl, F2, F3, F4 are formed in a line in the vertical
direction (the vertical direction of FIG 5), as shown in FIG 16, and 15 each of the four fuel ejectors Fl,
F2, F3, F4 is provided with a plurality of fuel ejection orifices 13, 14, 15, 16 in a state lined up in the
horizontal direction (the crosswise direction of FIG 5) as viewed in the lengthwise direction of fuel
ejection (as viewed in the depth direction of the plane of the drawing of FIG 5). Additionally, the fuel
ejector Fl is provided with a plurality of fuel ejection orifices 13 that are lined up in the horizontal 20

direction as yigyved 1§ the lepatiise; difselien @ﬁfk!&‘lﬁlﬁﬁﬂ%?g §Hﬂi2ﬁﬁ>go¥%é%‘ﬁ' LIeHOlFgHlRprovided

with a pluraljty of fuel ejection orifices 14, the fuel ejector F3'is provided with a plurality of fuel ejection
orifices 15, &t TABATE Wbl P RisraYRIde Ahithcl pft ity R BEURT L PREESS 118, 14 are "The
fuel ejectionfonifiedsrl 8add o1 5hd 6w thedous fnelhejeotoes iRinR2; RS (el anb@boenfigdesdrdedhat the
jets from the,ypRen (WKW Galtide with, thsjets from the lower two rows as viewed from the side (as
viewed in the crosswise direction of FIG 5). [0061] Also, in this embodiment, four tube portions
10B aréprovided,iﬁé@és feed chamber 11 is partitioned into four fuel chambers Gl, 02, 03, 04, and
four flow rate 30 rdduelatioharahies RijiReeRIreRY dorstihaingehe flownthed atodifioation anthe

adjustment meaniHRIR PIRYIASY 39 agdq gaHespEdQigash atherRhoNR- desejbad faur tabe
portions 10B, reifoectiv ly, each c pabl}(la of beig sep atelg op%)r?te . [0062] Yet another
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constituting disairoarefdtire din thdidenth alspeledticaditetiangsofidwedraw the tridawiseaditabtion of

fuel ejegtionyanshiial aigetigbn Wifikesdd, 14 iRthgduel cigetormfr ak 2 Ronstittingajpaifvedormed
in a state in yiich jets- pollided on the.downsireamside. of ineels-A rce. luch sieglion, arfices 13
14 are forméd n €ach of t e]?ue?ejec ors in thé same manner as embodiments described above,

as shown inlFIGE etheingords.SjwoBs] ejectpreldordfhthationisidifiePete fidrard smpoantints
described agvedn dhatois He EXampisi shwotined B8 1d thartbASeithieIprcibeuditectomdn ahich the

L‘?fe'éi’}iﬁ“é?&?éh%‘@L%%Z%%f%%?&?ﬁ e B M AL G tmogonal
directidA orthogona {9 the specific direction as viewed in the lengthwise direction of fuel ejection is the
vertical direction indpksifida(therwverficaleficeatidnl irFE Kee fprinedthes Wioy ds (ibduelaljejecior 42
shown in FIG,5.aie disnaselag,aanasiion e ugh eisclora Bl 20 Rosiions rplatedd o the right
or the left about the center axis of the fuel ejection nozzle 12 as viewed in the lengthwise direction of
fuel ejection‘.’lfglﬁfbghﬁhe lengthwise direction of fuel ejection (as viewed in the depth direction of the
plane of the drawing of FIG. 17), as shown in FIG. 18; and the two fuel ejectors F1, F2 are
20  provided in a state in which a plurality (three, in this example) of the fuel ejection orifices
13, 14 are lined up in the vertical direction (the vertical direction in FIG. 17) as viewed in
the lengthwise direction of fuel ejection (as viewed in the depth direction of the plane of
the drawing of FIG. 17).
FIG. 18 shows a plan view (FIG. 18(a) as viewed in the vertical direction of FIG.
25 17) of the gas feed tube 10, the gas feed chamber 11, and the fuel ejection nozzle 12 in the
upper side of the drawing, the gas feed chamber 11 and the fuel ejection nozzle 12 as
viewed from the side (FIG. 18(c) as viewed in the crosswise direction of FIG. 17) are
shown in the lower right of the drawing, and a frontal view of the fuel ejection nozzle 12
(FIG. 18(b) as viewed in the lengthwise direction of fuel ejection of FIG. 17) is shown in
30 the lower left of the drawing (and the same applies to FIGS. 19, 20, and 21).
The fuel ejection orifices 13, 14 of the fuel ejectors F1, F2 are formed so that the
ejection jets from the fuel ejection orifices 13, 14 collide on the downstream side of
ejection as seen in a plan view (as viewed in the vertical direction of FIG. 17).
[0065]
35 Here, in relation to the fuel ejectors F1, F2 and the fuel ejection orifices 13, 14, the
fuel ejector F1 and the fuel ejection orifices 13 are positioned to the left (one side specific
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Specifically, two fuel ejectors Fl, F2 are formed in a line in the fuel ejection nozzle 12 of this
embodiment in the crosswise direction (the crosswise direction of FIG 17) as viewed in the lengthwise
direction of fuel ejection (as viewed in the depth direction of the plane of the drawing of FIG 17), as
shown in FIG 18; and the two fuel ejectors Fl, F2 are 20 provided in a state in which a plurality (three,
in this example) of the fuel ejection orifices 13, 14 are lined up in the vertical direction (the vertical
direction in FIG 17) as viewed in the lengthwise direction of fuel ejection (as viewed in the depth

direction of {fie. plane \af ke Arauwing ergé%ﬁ%ﬁn'%;@rﬁglétﬁg‘{‘% :&%&ﬁé’ BYLLOG a1 86), 85 Meed In the
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ejection orifl%%slcfﬁ)arrle p‘?o%lfﬁ%errlléclzln tVoe]tqllilé’_rfef'g (one side specific 21 direction) in the crosswise direction
(an example of theldpedifictire stfornelseieeiet oh the feelgeireisendirdeeion 1ot fleliejdiony, Bkhown in
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F2 5 and thé tuel ejection oritices itioned to'the rg second specific direction) in the

crosswise ditéétiehland therefore constitute a right fuel ejector (an example of the second fuel ejector)
and right fuel ejectipsfiaes(an exampla plitha seaenrduahejactionwidicas) fachgqtesemsinvention.
The directiop. of-fuel ejection af the fue| ejection orifices 13 i t I ejectors Fl. 2
formed to b SU LI LA SO I e oo B S e el BB AR B oy
leftwarkP for BHEHSNG RSV VEZ ArkeerRige dfsctis st srpseviitralinsetionsy §hewrIn FIG 18, the

lengthwise directiof@ebfuel ejected from  the fuel ejection orifices 13, 14 in the two fuel ejectors Fl,
F2 are formed to b%i“sﬂ lg}, IpRbgNmeqh asyewe it g Ride (a8 Viewesinine.crasswise
direction of FIG 17). [0066] ) o T
configured in a’line in the crosswise direction (an example of the specific direction as
viewed in the lengthwise direction of fuel ejection) in this embodiment in the same
20  manner as the embodiment described above (see FIGS. 17 and 18), and the fuel ejection
orifices 13, 14 in the fuel ejectors F1, F2 constituting a pair are formed so that the jets
collide on the downstream side of the jets as viewed from above (in the vertical direction
in FIG. 17) and three fuel ejection orifices 13, 14 are formed in each fuel ejector. This
feature is the same as in the embodiments described above.
25 [0067]

The feature that differs from the embodiments described above is that the three fuel
ejection orifices 13, 14 provided in each of the fuel ejectors F1, F2 are configured so as to
be spread out in radial fashion to the ejection side in the side view in the example shown
in FIG. 19 (FIG. 19(c) as viewed in the crosswise direction of FIG. 17), and are configured

30 to converge within predetermined range on the ejection side in the side view in the
example shown in FIG. 20 (FIG. 20(c) as viewed in the crosswise direction of FIG. 17).

[0068]

In this embodiment, the fuel ejectors F1, F2 constituting a pair are formed in a line
in the crosswise direction (an example of the specific direction as viewed in the lengthwise

35  direction of fuel ejection) in the same manner as in the embodiments described above (see
FIGS. 17 and 18), as shown in FIG. 21, and the fuel ejection orifices 13, 14 in the fuel
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As shown in FIGS. 19 and 20, the fuel ejectors Fl, F2 constituting a pair are configured in a line in the
crosswise direction (an example of the specific direction as viewed in the lengthwise direction of fuel
ejection) in this embodiment in the same 20 manner as the embodiment described above (see FIGS.
17 and 18), and the fuel ejection orifices 13, 14 in the fuel ejectors Fl, F2 constituting a pair are formed
so that the jets collide on the downstream side of the jets as viewed from above (in the vertical
direction in FIG 17) and three fuel ejection orifices 13, 14 are formed in each fuel ejector. This feature

Is the Sameaéc'ﬂaﬁ@%19rFQO&iJH%ﬁHIHr%fé%‘?regr@l?%ﬁeaq%o%ﬂthe e&%fﬁ&é%ﬁ Iﬁé‘%@ﬁéﬁéﬁﬂm the

embodiments described above s that the three fuel ejection orif |ces 13, 14 provided in each of the fuel

ejectors P15 He'Bedfiured'isyvad {55 aheradasutmedia fQEhYBHIFGItﬁlér%‘jEBﬂoW dilfd ih the side
view in the &XasiplewshanthdndaS aban fSehbc)msniedesd iiretheoresswise direction of FIG. 17), and
are configured 30 fgogonverge within predetermined range on the ejection side in the side view in the

example shown in EIG FIG 20(c).as viewe |nt I’OSSWIse directjon of FIG.17). [0068 In this
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same mannggashifhtirgeempodiments described above (see FIGS. 17 and 18), as shown in FIG 21,

and the fuel ejecti%rg@ﬂices 13, 14 in the fuel ejectors Fl, F2 constituting a pair are formed so that the
jets collide on the tream side of the jets as viewed from above (as viewed in the vertical

direction in FIG 17Alfmegbaieirshiethenstn drawingth@wilisoy inmstiendudasitsetP abddesqobed 5 The
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fuel ejection, grifice 13 o & upl e§t ﬁ%r‘i’f‘@ce)l ?“94”&%1 s‘%‘goﬁ‘ﬁ‘ fyels {eﬁ}'%o%&e 14 Gansiyel
ejectlon Ol‘lflce3 N re ation to the jectlon orifices % ﬂ ns tutlng a pair In the crosswise
directidh 15 {tRenssisridierrEenc Atcviedinithe tagdnyasdsecirelondrdisstiepeapr)haharat are
positioned tpd3iiibisides bodine deriicd diraciiandiketithogooahdgectiatirecthnganad dordha s pecific
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13, 14 const ituting a pair in the crosswise direction (the specific direction as viewed In the lengthwise
direction of f4&| &jEetBR) BHTHe Auxitafyrjetivig GrifdlspIho LEgevy gastitratione (s SBeMEE the

direction in direction as viewed in the lengthwise direction of fuel ejection).

20 The auxiliary ejection orifices 23, 23 eject gas fuel, are set so that the direction in
which gas fuel is ejected is the crosswise intermediate direction (front/back direction of
the plane of the drawing in FIG. 21, and the direction that does not slope leftward or
rightward), and are provided in a vertical position and parallel to the vertical direction (the
crosswise direction of FIG. 21) of the collision position of the ejection streams ejected

25  from the fuel ejection orifice 13 (left fuel ejection orifice) and the fuel ejection orifice 14
(right fuel ejection orifice) so as to have a smaller diameter flame port than the fuel
ejection orifices 13, 14.  As a result, the distal end of the fuel feeder W can be cooled.

[0071]

(Other embodiments)

30 Other embodiments are described next.

(1) In the combustion device for melting furnace of the present invention, the side
parts of the melting zone are advantageously lined up along the direction in which an
charging port for inputting raw material and an extraction port for extracting melted
objects are lined up, as shown in the embodiments described above, but the side parts are

35  not required to be provided in such a mode, and various modes can be applied in a melting
furnace. The embodiment shown in FIG. 22 is of an "end-port" type, and combustion
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which gas fuel is ejected is the crosswise intermediate direction (front/back direction of the plane of the
drawing in FIG 21, and the direction that does not slope leftward or rightward), and are provided in a
vertical position and parallel to the vertical direction (the crosswise direction of FIG 21) of the collision
position of the ejection streams ejected 25 from the fuel ejection orifice 13 (left fuel ejection orifice)
and the fuel ejection orifice 14 (right fuel ejection orifice) so as to have a smaller diameter flame port
than the fuel ejection orifices 13, 14. As a result, the distal end of the fuel feeder W can be cooled.

[0071] (Oth%r&%%o%mﬁﬁ)n%e IWB&"'{E:‘PG%E&QE? ﬁ@ﬂ%ﬁ%ﬁ?&qai;%ﬁ%rginﬁ(ﬂclr'tn4tih§1&é)'6’ibﬂx%“°n

device for melting furnace of present invention, the side parts of the melting zone are
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flow ofjgomipyistigacesyasientaieglgasmHaeauised flame combustion, and the alternate long and short
dash line indicates[[kibgﬁijrection of flow of combustion exhaust gas. The dotted line indicates 10the
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direction of flow of ass material. [0072] (2) The combustion device for a melting furnace of the
present invention dan bacagppibdstérthecyiassionalting i Asaasigovirha fesepbBwRiEmSdederibed
above, and mpYialse be YEed-akkice MPUEIOThIRTIcE iReVaNBOE MeiNg: fumraemoneludingamelting
L5furnace foj mejling mefal other anA1aRs Malaal 4007 Bleiind IMI0G cRARHIMEnt5 dRcHed
above, examples of the case in which three combustion devices for a melting furnace are provided to
the sid® partd8ReRdhBIekigs idchnthaldhy el diraaigsialin which the charging port for inputting raw
material and the 2Q0&tBaction port for extracting the melted object are lined up (the direction of flow of

the glass material) jojeyer 19, samALSHRNARYIESRIOL Amelina. \inace aayiheipyidaglong the

direction in which the charging port for inputting raw materia e extraction port for extracting the

melted objeCPAIRHRR tp (EF2 tFLABH GIIAWBICtha g REY HHatelfaljicatsl RIS InBiFe D isustion
devices for ammelinhalornyate dieyctienZd providédd alomngibiepditeol ampun tivizi chwhe abidat ingl plogt for
inputting raw,Matgral 2R dheK KA MHRAtIRLFEIRENDR R DG IeAHRRIGLALS atbwr fiRdirection
of flow of the glass material). ) ) )
glass material). © However, two combustion devices for a melting furnace may be
provided along the direction in which the charging port for inputting raw material and the
extraction port for extracting the melted object are lined up (the direction of flow of the
glass material). Also, four or more combustion devices for a melting furnace may be
25  provided along the direction in which the charging port for inputting raw material and the
extraction port for extracting the melted object are lined up (the direction of flow of the
glass material).
[0074]
In the case that two combustion devices for a melting furnace are provided along
30 the direction in which the charging port for inputting raw material and the extraction port
for extracting the melted object are lined up (the direction of flow of the glass material),
the combustion device near the charging port forms an upwardly aimed combustion flame
and the combustion device near the extraction port forms a combustion flame that extends
considerably along the upper surface of the object to be melted.
35 [0075]
In the case that four or more combustion devices for a melting furnace are
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[0074] In the case that two combustion devices for a melting furnace are provided along 30 the
direction in which the charging port for inputting raw material and the extraction port for extracting the
melted object are lined up (the direction of flow of the glass material), the combustion device near the
charging port forms an upwardly aimed combustion flame and the combustion device near the
extraction port forms a combustion flame that extends considerably along the upper surface of the
object to be melted. 35[0075] In the case that four or more combustion devices for a melting furnace
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direction of fhe. GRS X%]?ﬁedéﬁ%%t?@ bR AROP ﬁé?éﬁ i i?ﬁgﬁ?@%@'%ﬂg‘é‘&&?%trh?é“yej%'&%ﬁter

direction that passes through the center axis oft cylln rical fiel ejection nozzle 12 asviewed in 30
the lengthwi® dii &RPEFTHIF &apaila ARSI Fde eliféeri@Sejectors FI, F2 shown in FIG 5 can be
disposed so that thie fuelsejpoteilsld-tp FiReaae dn fxnsitidms iroteliéch byeaspy ddiatidr @ngléesteethe tght or the

left abgyt the,Leniela&XiR of the &Hﬁlﬁ?&ﬂ&’&@%ﬂ& the BDUENES] &EH%AGQQ&']W%EH ?ffé‘ﬂﬁﬁé‘}fue'

ejection, and so that the ejection streams ejected from the fuel ejectors Fl, F2 collide on the

downstreanf‘&b@%‘f%fe&ﬁ)}?vﬁ?lfﬂgl r‘FﬂFrﬁt?é’r B A5 g]‘glcﬁt‘ft‘i%ﬁff’é&tb?cfmeé“iﬂ SRR R EYsErizontal
direction (e.gs,fthe trasgadse dirdotibis oh$eGhb epayobe tveaivs dpceddndnalgjectoe] ardtthreind

the lower fuel ejector constituting a pair are configured to collide on the downstream side
of the ejections, and the ejection streams ejected from left fuel ejector and the right fuel

25 ejector constituting a pair are configured to collide on the downstream side of the
ejections.

The specific direction is furthermore not limited to the vertical direction of the
crosswise direction; it is also possible to set the specific direction in any diameter direction
that passes through the center axis of the cylindrical fuel ejection nozzle 12 as viewed in

30 the lengthwise direction of fuel ejection. In other words, the fuel ejectors F1, F2 shown
in FIG. 5 can be disposed so that the fuel ejectors F1, F2 are in positions rotated by any
rotation angle to the right or the left about the center axis of the fuel ejection nozzle 12 as
viewed in the lengthwise direction of fuel ejection, and so that the ejection streams ejected
from the fuel ejectors F1, F2 collide on the downstream side of ejection.

35 The number of fuel ejection orifices provided in a line in the horizontal direction
(e.g., the crosswise direction of FIG. 5) may be varied for each fuel ejector, and the

25



25 number of fuel ejection orifices provided to each fuel ejector is not required to be the same and may
be modified. [0077] (5) In the embodiments described above, configurations were described in an 5
alternating combustion-type combustion device in which ejection streams ejected from gas fuel
ejectors constituting a pair were made to collide on the distal end side, but the length of the flames and
the amount of spread of the flames in the vertical direction or in the crosswise direction as the specific
direction can be adjusted using the same structure in a "regenerative burner" or a "recuperative
burner.” 10 |NBUYSTRHM; ARRHICARILIT ¥ 09781 10 cadDRATERERNVENtA05A BS 158Y Bne
combustion device and a melting furnace provided with the combustion device which does not cause
an increase A EAROMHIE generated NOXx or a degradation in efficiency due to a lower flame
luminance, even wHE the combustion space is limited in the lengthwise direction of the flame. [0079]

[KEY] 2 melting zopg 3Q4ikchaiRainesi delesiactionport Adbninarsivall feualsboled 2k ugl ejection

nozzle 13Fuel ejection orifice 2514Fuel % ction o([ifice 15Fuyel ejection orifice .
5 alternating combustion-type combustion device in which ejection streams ejected from gas

fuel ejectors constituting a pair were made to collide on the distal end side, but the length
of the flames and the amount of spread of the flames in the vertical direction or in the
crosswise direction as the specific direction can be adjusted using the same structure in a
"regenerative burner" or a "recuperative burner."
10
INDUSTRIAL APPLICABILITY

[0078]
The present invention can be used as combustion device and a melting furnace
provided with the combustion device which does not cause an increase in the amount of
15  generated NOx or a degradation in efficiency due to a lower flame luminance, even when

the combustion space is limited in the lengthwise direction of the flame.

[0079]
[KEY]
2 melting zone
20 4 Charging port
4e Extraction port
4d Furnace wall through-hole
12 Fuel ejection nozzle
13 Fuel ejection orifice
25 14 Fuel ejection orifice
15 Fuel ejection orifice
16 Fuel ejection orifice
23 Auxiliary ejection orifices
A Combustion air
30 F1 Fuel ejector
F2 Fuel ejector
F3 Fuel ejector
F4 Fuel ejector
H Flow rate modification and adjustment means
35 K Combustion air feeder
N Combustion device for a melting furnace
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16Fuel ejection orifice 23Auxiliary ejection orifices ACombustion air 30FIFuel ejector F2Fuel ejector
F3Fuel ejector F4Fuel ejector Flow rate modification and adjustment means
35KCombustion air feeder Combustion device for a melting furnace WFuel feeder CLAIMS 1.A
combustion device for a melting furnace in which a fuel ejector for ejecting gas fuel into a combustion
space above an area of a melting zone in which an 5object to be melted is present is disposed so as
to eject the gas fuel from a lateral location in the combustion space, and in which a combustion air

feeder for feeding gpmbustien if.eRliguely downward
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to the combustion space is disposed in a location above the fuel ejector, wherein the fuel ejector
comprises a first fuel ejector and a second fuel ejector lined up in at 10least one specific direction, as
viewed in the lengthwise direction of fuel ejection; and a first ejection stream ejected from the first fuel
ejector and a second ejection stream ejected from the second fuel ejector collide on the downstream
side of ejection. 2. The combustion device for a melting furnace according to claim 1, 15 wherein
each of the first fuel ejector and the second fuel ejector comprises a single fuel ejection orifice; and the
first ejection stream ejected from the first fuel ejegtjoqRfgice positioned to one side in the specific
direction and the second ejection stream ejected from the second fuel ejection orifice positioned to the
other side in the specific direction are configured so as to collide on the downstream side of ejection.
20 3. The conibustion devisetfostmmedting firmacadtogrilingate chaiwhithwhérdiregaiurédity of fuel

ejection orifigessdingd HRINAG LUBRIRRAbAIGGLORINTRAGPIALIQ e RPRHICHHECHADMASViawed in

the lengthwise direction of fuel ejection,.in each of the first fuel ejector and the second fuel ejector, and
25in relitior? REAIAFS RAIS A HER GHTS S BOHcitett 4 e Ut Se kSRt P EIBSH Bhices
positioned an the aimbrside tpasetarmding a pair in the specific direction, a first ejection stream ejected

from the first fuel ejgapRIPHfIKERRREA %@ﬁ%&&i%ﬁ%@ﬁﬁg%@ﬂ%ﬁﬁm fprashgueeraad fvelgiection
orifices are corg‘[igure so.as to collid(? on thg vi/nstr.eaml?&de f ?#gi:tion betwltlaen.the fuel ejection
' \/ e

.d
orifices conéﬂtb nga uasitrl.O BgPace 13 9FRESE hnt?eljsci%ﬁodle g%r% &8

‘ . . _ ﬁfﬁ&t?ﬂ(‘r’lva e according to claim
3, wherein the plurtiityust firse Rt @javiion dfifitddgravidedardtheckirstddietlegimstor inadibie platality of

secondfuel igjgetian gitioes aremidad dohe secpnd abaiasieriate contigaierkiecwigen:n a radial

fashion on the down§tream s'lde of %'ection czr&o conv%reg?.insipe a 35 redet(?rmined range as viewed
. . . qarst cjecC lgn_ﬁ.t.r am F.BCC frgm.t 1rst ue}.e eclor and a SGC(EP erection

in the specific dlrecze'tlon. . The'combustion device for a me tlnb urnace according to any of
claims 2 thrétighueiggieddiomuliiseyosié tudreisstiiep Hidepro gelp wnatieradisids sdifsstiathe specific
direction between the first fuel ejection orifice and the second fuel ejection orifice in relation to the fuel

ejection orifices cops titutingﬁlg aéE)IIH]Z)tll?S%gg & '@cl:cgirleo(%tig nmgﬂgl.én furnace according to claim 1,
15 wherein each of the first fuel ejector and the second fuel ejector comprises a single fuel
ejection orifice; and the first ejection stream ejected from the first fuel ejection orifice
positioned to one side in the specific direction and the second ejection stream ejected from
the second fuel ejection orifice positioned to the other side in the specific direction are
configured so as to collide on the downstream side of ejection.
20
3. The combustion device for a melting furnace according to claim 1,
wherein a plurality of fuel ejection orifices is lined up in an orthogonal direction
orthogonal to the specific direction as viewed in the lengthwise direction of fuel ejection,
in each of the first fuel ejector and the second fuel ejector, and
25 in relation to the first fuel ejection orifices positioned on one side and second fuel
ejection orifices positioned on the other side thus forming a pair in the specific direction, a
first ejection stream ejected from the first fuel ejection orifices and a second ejection
stream ejected from the second fuel ejection orifices are configured so as to collide on the
downstream side of ejection between the fuel ejection orifices constituting a pair.
30
4. The combustion device for a melting furnace according to claim 3,
wherein the plurality of first fuel ejection orifices provided to the first fuel ejector and the
plurality of second fuel ejection orifices provided to the second fuel ejector are configured
to widen in a radial fashion on the downstream side of ejection or to converge inside a

35  predetermined range as viewed in the specific direction.
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5 positions on both sides in the orthogonal direction orthogonal to the specific direction as viewed in
the lengthwise direction of the fuel ejection in relation to the fuel ejection orifices constituting a pair in
the specific direction. 6. The combustion device for a melting furnace according to any of claims
10 1 through 4, wherein the first fuel ejector and the second fuel ejector are provided with fuel ejection
orifices; and the amount of gas fuel of a first ejection stream ejected from the first fuel ejection orifices
positioned to one side in the specific direction and the amount of gas fuel of a second ejection stream

ejected from the second fUekﬁ!:e&&ﬂﬂ&%ﬁe&%%'?&n&%@tfﬂ%ﬁ%%é'&%&f(ﬁlfgo{g Ighest Spiasto be

capable of being mutually or 15independently adjusted A melting furnace, in"which

fuel ejector fol R G gXRefgLl |?1‘{6153&5rﬁ}§ﬁ§ﬂ8r?§|§1§8% YRR ALy %F%Fﬂﬁ%lltﬁ?élﬁ‘{?ﬂe“f ]Whlch an
object to bespmited dsrpresemeisvdispbsdd sdwasd tieeject gasduan@ dirorrcandterd| dpcatorpimiitte

CombUSt'Onlﬁ%‘Pﬁmn toq‘l{’comwéj@‘é‘ﬂo%'roi@ﬁg&lé%sf&% £ ﬁipﬂ?ft‘ﬁ’é‘ s@é&ﬁ@%ﬁ‘é&%ﬂwﬁ’{&%}' to the
combustion Sé)ace is dis IE)(){Eed n a locatio abovi 6];e fue é’gﬁ tor; ar]éj the gas fu!% .caused to

combust; wREFEITS O bOfRSIESInEy ‘fo?f reoHeRingaeRaRkad 8r§3ﬁﬁ8 i1 Provided
in a 25furnaceweall.in the JeMEtbwistihgefivmcd dlocdiingjeototainm Felatienein the futheyjedgqurovided

at least a pq;;lgﬁgpa@lggﬁ{@ﬁlgg\ﬁggqrhgl\@@gethﬁ(fld%le@iﬁﬁtor and the combustion air feeder for feeding
combustion air to gas fuel ejected from the fuel 30ejector; and in a state where gas fuel is fed from

the fuel ejector of the combustion device on a first side and combustion air is fed from a combustion air
feeder, the combustion air fdéderoftheicombustdar devickion rvecondosidinseivenyasfaiaerhaust

gas introductiemnsiihfar sﬂf&um%mme@%&a&ti&m&m@%dbm%w%@@s@@@%&t@@ldbwlm
combustlontca ried out 35 Qéthe c bustlon ge |ce e O%fll’fst%%lde {a in\lternatmccg %ofm on for

b ection or1 e amaoun IH am ei
repeatedly comb sting gas &1 and receiving ex Fas gasin al atlng ionis carried ou

first fuel ejection orifices positioned to one side in the specific direction and the amount of
gas fuel of a second ejection stream ejected from the second fuel ejection orifices
positioned to the other side are configured so as to be capable of being mutually or

15  independently adjusted.

7. A melting furnace, in which

a fuel ejector for ejecting gas fuel into a combustion space above an area of a
melting zone in which an object to be melted is present is disposed so as to eject gas fuel

20  from a lateral location in the combustion space;

a combustion air feeder for feeding combustion air obliquely downward to the
combustion space is disposed in a location above the fuel ejector; and

the gas fuel is caused to combust; wherein

the combustion device for a melting furnace according to claim 1 is provided in a

25  furnace wall.

8. The melting furnace according to claim 7, wherein
there is provided at least a pair of combustion devices having the fuel ejector and
the combustion air feeder for feeding combustion air to gas fuel ejected from the fuel
30  ejector; and
in a state where gas fuel is fed from the fuel ejector of the combustion device on a
first side and combustion air is fed from a combustion air feeder, the combustion air feeder
of the combustion device on a second side serves as an exhaust gas introduction unit for
receiving from the combustion space the exhaust gas generated by combustion carried out
35 by the combustion device on the first side, and alternating combustion for repeatedly

combusting gas fuel and receiving exhaust gas in alternating fashion is carried out
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between the combustion devices constituting a pair. 9.The melting furnace according to claim 8,
wherein a pair of the combustion devices is provided on both sides with the movement
5direction of the object to be melted therebetween; and the combustion air feeder of the
combustion device on the second side is opened in a distal end in the axial direction of a flame formed
by the combustion of gas fuel ejected from the fuel ejector of the combustion device on the first side.
1010.The melting furnace according to any of claims 7 through 9, wherein in a furnace wall

through-hoI%éwag%é%msﬁ@pggﬁg&%s%%ﬁagpg}g cross-sectional area of a furnace wall

through-hole gradually increases in progression from the distal end of the fuel ejector toward the inside
end face of the melting furnace; and the position of collision between a first ejection stream ejected
from the first fuel 13ejector dind msltiogrdrejectivrstieantogjected . frdmrte second fuel ejector is set

further to the inner siglg, of thadWHiABEWEH RanieiNsIei&af Sacsunl 1N NgHARRRment
5  direction of the object to be melted therebetween; and

the combustion air feeder of the combustion device on the second side is opened in

a distal end in the axial direction of a flame formed by the combustion of gas fuel ejected

from the fuel ejector of the combustion device on the first side.

10 10. The melting furnace according to any of claims 7 through 9, wherein
in a furnace wall through-hole in which the fuel ejector is to be provided, the
cross-sectional area of a furnace wall through-hole gradually increases in progression from

the distal end of the fuel ejector toward the inside end face of the melting furnace; and
the position of collision between a first ejection stream ejected from the first fuel
15  ejector and a second ejection stream ejected from the second fuel ejector is set further to

the inner side of the furnace wall than the inside end face of the melting furnace.
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