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120946 - 14697A SET
RABIANT TUBE RURNER DEVIUE WITH INVERNAL AND EXTERNAL BECUPERATION

The invention relates o an apparatus for oxidizimy fuels comprising a burmer, which is
wmstalled in g wall of a furnace spave @l whish has 2 fuel chamnel, which opens into 8 reaction
space, and at least one oxidan channel for supplying fuel or oxidant, respectively, @ combustion
gas takeoff chamnnel for discharging combustion gos from the resction space and s firs
recuporator comprising heat exchanger surdaees, which thermally sonneet the combastion gax
takeoft channel to the oxidant channe! and to the fuel channel, wherein the burner outside the
furngce apace ds conoested fo an offges conduit, whick s fluidically cobnroted 1o the
cambustion gas takeoff channel, 0 o fuel feed, which i fuidically connected to the fael
channel, sud to s oxidant feed, whish ig fnidically connceted to the oxidamt shanoel. The
vention forthermore relates o a corresponding process for oxidising fusls.

The heating of Durnyoe spaces with divest or indirect heating by the oxidation of fusly
koowa, T the case of the divent heating, o fuel, for exsople oil or patesl gas, sed 8n oxidant,
for sxample alr or oxygsn, 8 introduced inio the furnace space by means of a burner and ix
vombusted there: The reanlting combustion gases are subsequently discharged via a combustion
gas takeodt channel. For muny metallurgical uses, an indirect heating »f the Birnace spsce is
sequired, which, sccording to the por art, is accomplished for the mast part by means of
electric beaters or radiant heating tubes, Radiant tubey wee typically fired with gas or oil bumners
using mie or an oxygen-rich gus ss oyidant, which are accommodated inside a radiant heating
tube cwnsisting of metal or & ceramic naterial, The heat energy foput into the furnace spuce
takes plave by means of radiation o conveetion of the furnace space atmosphere, which heats up
an the outer surface of the radiant wbe, without resulting o divect contast of the combustion
gases with the furnace space aimosphere. The combustion gases are directly discharged from the
ragdiant ube via g combustion gus takeoff channed,

G gxample for a radiant heating tube, which 1s designed for anooil fiving, can be found
in the technical article by A Manko, F. Kleine Bger, H. Kohler “New burner technology for
raciant heating wbes in thermoprocessing plagts™, BWK 84 (2002) Neo. 9. In the case of the
subject maiter desoribed therein, o misturs of primary air and fuel is mixed in an evaporation
pipe ad 3¢ heated frosueh g way thet the Hguid fuel evaporates, The heat required hereby is
provided by the hot offgas, heat transition of hot burner componsents and theemal rastiation
digected upptrsam, At the exit of the evaporation pipe, the faebatr oxixture i¢ input in an
unkarned manser into a fire tibe, which sonnscts to the evaporation pipe, and is brough into
contact there with secondary air, which waa preheated in a recuperator, whick s arranged inside
the radicnt heating tube, by means of heat exchange with the offgas. The mixture of the s
flows and the subsequent combustion takes place in the fire tube, Burner and fire tube are
twreby constencted in sueh a way that, in the stationary operation of the radiant heating tubsg,

the combustion gases creited during the contbustion, are partly retarned and are input into the
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flre tube together withothe fuelaie pixture (rectronlation).

Aw apparatis Tor beat ireatment, which can be designed av radiant heating fube @
burner and dn the case of which oxvgen with a purity of 3t least 80% by volume iy uved as
axidant, 3 deseribed in US 2003/0239005 Al The combustion with oxygen of a gas,
respestively, comprising @y oxyeen portion, which is higher than that 1n air, betead of air, Jeads
e reducad NO, concentrativns in the offges. & revirculation of the offeas as well as &
preheating of the suppliad oxygen alio takes place hers by means of beat exchange with the
discharged combustion gas in 3 recuperator srraned hustde the buraer,

WO 20002951 T AL alvo shows a radiamt beating tubs with rectroulation of the offgas
ay well av an internal recuperator, in the oase of which the regidual heat of the offpas is
transferred fo the oxidant via the outer walls of the tubing, which guides the oxidant

UR 200870269710 AT likewise desoribes o tadiant heating tube, which 1s equipped with
an internal recuperator. In the Sase of this subject matier, the pffgases are guided through
centrally areanged tubg; the walls of which are used as heat exchanger surfaces for prebeating
the axidant or fuel, which fs guided past the oifges tube o the outside,

H i the objsct of the invention o Bwther incresse the ffiviency of the combustion by
using & recuperaior burngr.

This objsct s solved by meang of an apparatus comprising the features of patent claim 1
awd by means of @ procese comprising the feutures of patent clain &,

An apparatis of the absveadentioned type and parpose thus ey the characterisisg that
sgide of the furnace space, the burser §v comnecied {o an offyas conduit, which is fudieaily
conneeted 0 the combustion gag taken!T chaunel, o o fuel foed, which is Huidioally cameniad
to the hesl chaunel, and o a0 oxidant feed, which 45 Hubdically consested o the oxidant
channel, wherein the offgas condult conprising the exidant feed and the fuel feed arc thermally
connected 1o wie anather al heat exphanger surfaced provided in a svomnd reouperator,

A hwosstage prefiesting thug takes place i the burner acoording o the foveution,
wherein a first stage takes plave @utside the furnave space in response e the supply of g
oxidant or of the fuel, rospectively, t the buraer {second vecuperator), and g sccond siage takes
plave inside the burnee (frst recuperatar). A portion of the heat of the vombustion gay s
tramsferred o the oxidant anddor the fuel by peans of the firet recuperator inside the furacs
space. If the oxidant in the bumer or the {wst recuperator, respectively, is thereby guided
through 8 plirality of oxidant chamaels, all oxidant channels are alen thermally comnected 1o the
rerpsned combintion gus as & nde. BY wringing o second recuperator outside: of the fufnave
space, the regidual heat contained it the sombustion gey ohiained after passing theough the fivat
recuperatiy, cun also b wsed o preheat the oxidant andfor the fuel The combustion efficiency
is further inereased by the preheating. In contrast o recuperation burners aceording to the pricr
art; 11y possible secording tothe invention to not only prefisat the oxidant, butalvothe: fuel in

the first andior in the second recaperator. The burner according & the fnvention san in
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particalar be used i furnaces for the metallorgival heat wreatment.

The entire Runace spacs can be considered av reaction space provided that the furl and
the oxidant swe input directly into the fornace space snd the combustion gas is at Jeast panily
dacharged from: the forsace space through 2 Buel takeoft chaonel provided in the buer with
first recupergior. A pactioularly advantagecus further development of the tnvention, howsver,
provades that o radiomt heating twebe, witich i3 sesigned 1o the bueter; ¢ provided a3 reaction

spage. The combustion thus dues aot take place in the furnace space, but ingide the sadiant

heating tube, which i closed 1o the outside, and the beating of the furnace spacs takes placs

indirectly by means of the radiation cwanating from the radiant heating tube or convectively, by
hesting the furnacs gpace atmosphere, which comes into contact with the outer swface of the
radiant beating tube.

Croygan te preferably provided sy oxidant, & gas with an oxygen coutont of at lewst 0%
by volune, preferably of st {east 83%, by voluwing, v congiderad to be “oxygen” hove, The use of
oxygen instead of air leads o fower NO, concentrations in the offgas on the ong band and to
higher flume temperstures and thus to Bigher tempsratures i the offgas on the other hand,
beantive of which the two-Ssge prebesting beromes pantivularly coonomival,

A gaseous fuel, much ay natural gas, for sxawuple, can be provided as fuel, but Hguid or
powdery fuels, suelt as ol or sarbon dust, for sxmuple, can wlso be used. Thy apparates
according to the invention, Bowever, is also sultable for the combustion of low calorific value
fuely, in partiowlar when using oxygen ae oxidant, Foels, which, with less than 35 MIdkg, i
partizular betwesn 1.3 and 20 MIky, have a signifleantly Lvwer calorific valus than natural gas
o heating ofl, dn particular gassous foely, sueh ax farngve gas, fows gas, coke aven g or
sonverter gas, are 10 be understood as “low calorific fuels” hersin, To be able to invrease the
salorific valug, mixtures, such as, for wanmpls,  mixwire of nataral gas with ons or a plavality
of the wontimed fuely or another Tow-anlordfic fusd, van alvy B uged i order 't be able 1o
nvrease the culovifie value, whereln a fudd resolts, the calorifie value of which Hes bebwesy
natural gas and the low-calorific fuel or the fuels, which i3 or are uead,

A once again advantageous further development of the fnvention provides that shannels
for-a fhrat and a socond oxidant, which are freseh cuse fluidically connested w oxidant fees for
# first or sscond oxidant, respsetively, sre provided to allow a staged combustion, The taoe
teraperatuee can be regulated by medns of the staged combustion, To the ¢ase of 3 radiant heating
taba as reaction space, in partionlar an overheating of the radiant heating tube is thus svoldsd.
Oune or howt axidant Teads can thershy be thermally comnected to the offyas conduit in the
second recupertior. Que ot both oxidant shannels in the Grst recuperator can likewizre be
thernaiby conneoted o the combustion. gay takeoff channel tiside te burasr, 3 prehsating of
kath oy only one of the ogddants cawthes wke plase,

The object of the {ovestion is slso selved by means of & provess comprising the fratures

wf Sl &,
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Acvcording o the grocess accerding to the mvention, & fusl and an oxidant are supplied
ty @ reaction space through supply chamnels for fuel of osidant, respectively, assigned o &
birener and are brouyht o reaction there while 8 resction product (combustion gas) is created,
for the prrpose of heating a furnace chamber, The sombustion gas created in rexponse to the
reaction is discharged via 2 combustion gay takeoft channel, wherein the heat of the combustion
gas is partly tramsferred to the oxidant to be supplied 10 the reavton space andior 1o the fusl gt
hest exchanger surfaces of 2 frwt seonperator arranged inside the burnes. The combustion gas,
which still has high thermal energy, s subsequently supplisd t beat exchanger surfaces, which
are provided in g seoond resuperator pulside the furnace spase, and are there brought into heat
exchange with the oxidant and fost to besupplsd to the Hrst recuperator. The waste heat of the
commbusiion gas i used iy 2 particalaly offisicnt manoer by weany of the (wo-staged course gf
the recuperstor acconding toie invention

In an advantageous furtier development of the procesy sperding ty the lnvention, a
partial Bow of the combostion gas 4y adatred with the oxddant andior the fiuel and ¥ thus
recirculated. I dus case, flow copnections are provided fuside the hurner bebwesn the
combugtion gas takeotf channel sid e supply chanasds for oxidant andor supphivd Rust, which
provide for the recirculation of a partial flow of the combustion gas during operation of the
burmer. Such How connsctions: are koown per s¢ and are deseribed: for -example By YR
JQGRO238003 AL

Particularly advantageousty, the flows of oxidany, fuel and recaleulated combustion gag
ave controled wosuch o way that » Huncless combustion is effected inside the reactinn space,
based on which particulardy Jow Ni}, soncenirations are attained in the offgas.

A wepersonic Byestion of Gl andior-oxidant 5 not ruled out n the esagest of the
fiwvention for the opemtiouof the burner aceording 1o the tnventiog, buta preferred smbodiment
of the process aecording © the invention, however, provides for » elvarly subsonic supply of
fisel and/or oxidant into the reaciion space; with g spead of preferably less than 0.8 Mach. T this

smbodument, a burter, which operates according to the process sesording to the invention, can
thus manage without exiensive supersaie achusiogy, sueh as {aval norzley, for sxmnple,

To design the provess acoording to the lnventivn o be partfeulaly e fictent, she oxidant
iw preforably preheatsd o ot least 800°C, pantivuladty preferably to b deasy 10000, ang the fud
ix prehested to at loast 400°C by means of the heat exchange with the combustion gus i the first
wind second recuperator,

fn respomse o the hest exchunge with the oxidant andior the fuel i the twe
recuperaiors, ‘the combostion gag I8 preforably cooled w0 4 tepperatare of kess than 108°C,
preferably lese than 80°C, Ve, the burngr sccording 1o the invention ¢an he operated as calonifie
Bpge.

An exsmphuy cmbodiment of the Invention {s to be explatnsd fn niore detail by micans

of the drawing, o sohemic view, the sole figure Fig. 1) shows, in lngitding! section, a

b
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formgee comprizing & butner according to they invention, which {8 eabodied ay radiant Teating
tube

The furnace | illustrated n the drawing has a furnage gpace 2, which 15 onclosed by 2
fornase swall 3, whick &5 only shown osections kerein. & passage opaeniigy 5, which: extends
rerticatly to-the ooy surface of the Ruvaee wall 3 theougdy said biner strbhoe aod 4o which »
busner & s axesmblads teprovided o the fumace wall 3

The bumer 6, which parily extends indo the furmes spave 2, is delbuited form the
fornsce spave: 2 and frone the pessage opening § by meane of ¢ jacket tube 7, which, whan the
huraer & {8 embaodied as radisot heating tube gy shown in the drawing, has a closesd front wall 9,
Soepply chaanele 11, 12, 13 for-fuel (11 or oxidants {12, 131 are provided i g retr sectiow of
the buener & adingent to the Runace wall 3, while the Bt sestion of the wawwior ol the jackst
tube 7 betwesn the openings of the supply cluanels 1L 3120 13 and the front wall € DHorps 4
resction space 13, faswhich, duriny operation of the bomer €, @ onidation of the supplied fuel
takes place. A¢ a rale; the renction spage 15 therehy anpompassss the majority ot the volums
surrsimnded by the jacket tube 7.

The supply channels 11, 125 13 encompass 8 contral fusbvannel 11 for supplving fogl,
ot which a pumbee of, 89 oxampls i’(:-m'-, six o sight oxiduntchansrels 12, 13 which are svenly
spaced wpart o eivcumibsrential direction and of which only twa channely, which are focated
spposiic one another, ars n et showatin the sectiomad view i Fig. 1. sre provided radially on
the ouiside. The fuel channel 11 and the oxidant channels 120 13 open substantially fush witk
one anpther on their nutlet openigs, which tece the reaction spage 13,

A flame tube 16, which i arranged axislly spased apact upstream of the outlet openings
of the Bl clansel U 0r the oxidatt chammels 13, 13, reapectively, and which hay an ianer
rading, whish is dimensioned such that the at leawd the weajority of the oxtdant, which fleows vut
of the oxidant champels 12, 13, fows inte the flanie tobe 16, 18 drtanged insde the reaation
spase 13 Ag anmdar gap 17, which make s i pisstbde for the resotion prodect {combustion gas)

rested dn response o the oxidaton of the fuel to flow bavck, is presest bebwesn Hame tube 16
and foncewall of the Jacket tube 7. 1o the rear wred ol the jacket tube 8, the ares gwround the Hued
channel 11 or the oxidant chamnels 12, 13, respectively, serves ay takeoft channel 18 fir aking
off ahe-combustion gases from the resction space 15, A recupsrstor 19 48 aivanged inside ths
taksoff chanvel 14, The recupetator 19 ix designed i 2 maoner, which is koown per se, sad
somprises hpat exchanger surfaces, for example nibs, by means of which the takeof? channel 18
is thermally comecied t the fuel feed 1 and the oxtlant feeds 12, 13,

To tniroduce fuel or oxidast, respectively, into the supply chasnels 11, 12, 13 as well as
fordischarging the combustion grses om the tukeolf chasnal 18, the basmer 6 s provided with
amexhaust Braneh 21 sy well g8 with vounections 22, 23, 24 for fuel or uxidant, reapeciively, on
is eud section, which s located opgposite Pupacs spase 2. The fusl chanuel 11 ig thereby

sogugetad to 3 el foed 25 viv g contieotion 22, while the oxidant chaunels 12, 13 ai conmcted
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vid eonnestions 23, 3 (o a eomunon axidant feed 28, whish beanches off prior to reaching the
sopnsetions 23, 34, The exhaust brageh 21 1% conseeted oo gn offeds. condutt 3%, which &
connguied in the further conrse o devices Ry cleaning the affges Tow, which are not shown

hersin, The offyes condeit 28 as woll as the fuel feed 23 and the oxidang feed 28 xun throngha

52

second recdperator 28, in which beat exchanger swisces, which are oot shown herein, ars
pravided, which setablinh o theomad conncotion between the offeas conduit 3% on the wne kand
and the fuchfeed 25 as well ax the oxidant fewd 26 on the wiber hand

During operation of the apparatus 1, fuel, for example ofl, natural gag or g low-ealorific
fagl, Sor example, fv Daputovid e fuel feed 28 sad the fudl chamel 11, anil oxidande, fr
o example oxvgsw withog prity of Tens than 95% by volume, @ input Into the reqetion sproe 18
v ghe oxidany fepd 26 and the onddant channels 12, 13 The foput speed of both medings
thereby Has within the subsonic range and fs Tor sxample 0.5 Mach. In the resction apace 13, the
fuel ovidizew fngide the flame tube 18, The conbustion gus wreated tharchy e returned via the

aveanbar gap 17 - sugpesiad by srrows to g, 1 - wheselna pastial flow of the combustion gas

e
L

reachey imo the gap betwean the-outlet openinigs of the <hanels 1L 12, 13 and the favs tibe
Woand, together with e resction partugss, 16 sopplied’ B the reaction spude 13 amain
{rectroulationg, Due to the partial recirowdation of ihe combustion pas. the formation of a
flameless pxidation of the supplied fucl canabso be effeoted in the reaction space 13,

The rematning pactial How of the sombuastion g

i

aw ix dacharged via the laheoff channgd
20 18, the exhaust branch 21 and the offens conduwit 28, Wheo Howing tnto the takeofl channel 18
at a tengwrative of approg. MO0, the combustion g hag o Righ thermal soergy, which is
Targaly transferred 1o the fuel and the oxwdsnt in the revuperitirs 19, 29 B tvo nomsésutive
stagee Dis to this twosstaged degign of e revuperation, the temperature of the uxidant is

inoreased o for example 1000°C sud the femperature of the fuel b tncressed o for wvample

25 4000 wntil wunedistely prior to the wpply o the reaction spaee. Frowi the strt fe.
tnmediately aflar being creawd dn the reaction space 15, wwiil sscaping frony the second
recuperaior 39, the temparatire of the nifess shpoltansoinly decreasey frany above 10U°C 10
below 10070, for example 8070 snd below, Due to the high beat transler and the fact that, in
addion 1o the cxidant, the fusd s glew preheated, an efficiency of the combustion of above

gt 10054, bassd on the ealerifle value, results. The burwr 6 sccording to the tnvention 18t
sharacterized By & bigh efficisacy and forthermiorg by fow NG, valugs in the offeax

Instead of the emboediment shown i Flg. boseparate oxidant chumels cair be provided
for g firat and 3 osecond oxidant, whish, from an axial aspest open apaced apast from one
another and which provule for o burter operation 1o staged combustion. The primary and the

33 secondary oxidant van thereby be the sameoxidunt, for example-oxyges, o different oxidant,

soantbustion, the fuel ds fnitially mived with the prhmary oxidast ot noselstoichicinetis ratis,

Due to the lowonidint supply onby @ part of the fuel can combust with the primary oxidant. The
Poi) i g



mixture of sombustion gas and non~combusted fiel reaches o & front scotion of the burney and
the sepondary oxidunt g applicd there. by means of which the aerecombusted fust s oxidizsd,
The staged combustion provides Tor an sven distribution of the heat developmasst acrosy the
tongitudingl extension of the resction spave, thus within the longitadinal sxteosion of the fame

e, vt the sase of belng designed as radian heating tdw,
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List of Balersnce Numerals

i furnage
2 fornase spass
3 furnave wall A
(L
& barner SZTNH-1 Q0026098
E Jacket tube
g front wall
i1 fuel channel
12 axidant channed

3 oxidant chaonel
13 rEacLIan Spage

35) flame tube
£7 annular gap
i¥ taksoffchanuel
) reenperator
A exhaust hranch
22 canngotion for fuel fved
23 sonneetion foroxilant foed
24 cogiwetion foroxidad foed
i3 fuel feed
8 cobdant foed
28 offeas conduit
s reGuperator
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Soabadadmi igonypontok

I Berendezds tizellanyag oviddlisdea korencetér {3} faldba (3} bedpitett dootalint (8L
rasbensk tﬂ(’:zsii'.‘ax‘t;e‘ag, Hetve uidaldsepr betaplilisdhor reakeiaérbe (131 torholld tiasldanyag:
caatornaia {11 &y logeldbb gy oxadiionzercsgtondin {12, 13, Sudugiz reakoldtdehdl (15 valo
elverettsdhes 'égésgéz«-ah‘ﬁzﬁii csatomidie (18), valamint an Sgdegle-clvnzetd oxaornit (18) a2
oxiddidazar-caatomaval €12, 13Vée o tiacldaavag-csatorngval (11} wonikasan Ssszekapesolt hiesseedd
feliiletehet rartadmazo ok rekuperdtons (19) van, ohal wz $giife) (6) & komsnoetdren (2) Rivid gy &
Sgesgar-slvezetd coatormdval (XY hizhkadd fistgdoveretékikel (28), cpy 2 tizslBanyugesamrndval {1 1)
kinlekedt txeldanyagbetdplald vercttkkel {28} & spy a2 oxiddidsesr-csatomival (12, 113) kozlokedd

oxidaldezerbeplild  vemetdikel (26) van  csatlabustatvy, shol a flagdesszedk (28) ax
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oxsdzimzeshuag)iaio verntek (246} 8¢ a thuelOanyapbeaplild vernidk {25) masodik rehuperfiorhan (299

,

sthelysren hioserdld felitlotek révén agymassal foonikusan dsses vannak hapesibva,

oAr L dpdnvpont weermth berenderss, ahol sz dbfel {6) sugdrzdsow HiSesdben van
slrendsrve.

3 Az Lovapy a2 fgdaypont sserint borendesds, abol az snid@idssert ovipgén képest

4. Az olbzd igénypontok binnslvike szering berendesds, ahol o uizeldanyagot akissony
findériehd Wizelbanyag képesi

Az olded igéﬁny‘pa}n‘:t)k barmelytke soerintt berenderss, abol lépostzetes Sgetds lohetdvd

Stelehes g Spblsinek (8 olab s nudsodil ovidaldsrercsatarndi (12, 13} vanrak, tuelvek fendes sleh,
letve masodik oxiditoszer spamare szolgdld oxidiliszer-bevezatdsekkel kdzlekednek.

- Eljards ieeluyap oxiddlisdeg, mohynel kesnenceide (2F bevitdsehes Solifeliel (0} tarsitott

LA L SR AR dR IR,

Hizeldanyags, illsive sxigéabetipliid ceatamal (1L 120 13y vévén reakeittérbe {15) iircidanyagot s

oxidildsnent iéf;ﬁz‘i?;tm%z & viseimk oft makeichy, tovibba a reakeichan keleikezd Spdspdnt dgdsginr

sekuperator {(19) bdosersld folitetein a2z égésgii;ﬁ hiﬁjét részben a reakeidtdrbe (15 betdpliln
szandehozott oxidaloszernek s a taslianyagaak adiuk 8¢ ahol a rekuperdtorhan (19) lehitlt dgdsgdat &

kemenverdean {23 kvl misodik rekuperitorban (28) elbelyssen hiesersld foltlerckhey vesetjik $s ot ax
elsd rekuperitorba (19) boaplilnl s2dndéhorzng oxidilosesmel &5 a thzeltnnyaggal hovserdld kaposolatba
hozrok.

u

LA 6 gdnypont saerind ofiards, aliol @ reakoidideben (15) Relukezett dpdopiy eiy részét a

L B

reakeidtarbe (15) bewiplal oxidildszarbes defvagy » tlzelanyaghoz kevediik, & flven modon

5
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