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3.224,679 
Paten?ed Dec?21,1965 

The presentinvention relatesto a combustion device 
for hydrocarbon fuel comprising a cup-shaped fame 
chamberadapted tobe connected toa heatingorreaction 
space or the ike,the bottom of the cup-shaped fame 
chamber having an Openingfor the SUppy of fuel and 
an oxidizingmedium?forinstance,oxygenorair, 

Combustion devices of thistype are known and will 
bereferredtoascombustion devicesofthetypespecified? 
The combustiontakesplaceentirely oratleastto alarge 
extentinside the fame chamber,and the hotgasesfind 
theirwayinto a heatingorreaction Space to which the 
device is connected?A very compact combustion or 
reaction ZOne is Obtained by which a complete combus 
tion of hydrocarbon material can be obtained without 
exceSSairand alsocomplete orpartialcombustion may 
be possible, 

ftisanobjectoftheinvention toprovideacombustion 
device whichis constructedin such awaythatavery 
high intensity reaction Zone is formed and wherein the 
risk of damaging the Wals of the fame chamberis 
ninimized,and which is suitable to be appled in a 
processforproducing,by partialcombustion ofa hydro 
Carbon With an OXygen-cOntaininggas,aproductgascon 
taininghydrogenandcarbon monoxide, 
The combustiondeviceaccordingtotheinventioncan 

also be advantageously usedin combination with open 
hearthfurnacesformeltingsteel? 

Another object of theinventionisto provide a System 
wherein the fame pattern and gasfow can be changed 
accordingto the relative positions of specific construc 
tionalelementsoftheSystem… 
Accordingto the presentinvention,a combustion Sys 

tem ofthetype specifedischaracterized bythe combina 
tion of a water-cooled metal side Wal containing an 
intermediate circularbafeterminatingneartheopen end 
of thefame chamberand constitutingtwo concentrican 
nularcoolingchannelsthroughwhich thecoolingmedium 
isenabled to circulate,of a burnernozzle comprisingan 
annular conical channel forthe fueland oxygen orair, 
the diameter of the fame chamber beinglargerthan and 
preferably at least 1.5 times and at most6times the 
diameterofthe outletofthe annularconicalchannel,and 
ofafatmetalbottom of the fame chamber comprising 
a fat-faced centrally arranged burnernozzle tip. 

It has been found that the abOVe-arrangements ensure 
thatthemetalpartsofthesystem wibeprotectedagainst 
excessive high temperatures occurring within the fame 
chamberduringoperationandthatsimultaneouslyastable 
combustion or conversion Zoneis obtained asa result of 
the required relationship between the diameters of the 
Outlet of the annular conical channeland of the fame 
chamber,reSpectively,in particular,aspecific gasfow 
pattern is created,with as the main feature an outer 
toroidal whirl of gases leading back heat to near the 
place where the reaction media issue from the annular 
Opening,thus ensuring a stable reaction? 
Thesidewalofthefamechamberispreferablyadjust 

ableinlength between 0.1and08ofthediameterofthe 
?ane chamber, 
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By moving the center portion axially with regard to 

the famechamberwalthe fameshapecan beinfuenced 
at wilfroman opentoroidalform?correspondingwith 
the above-mentioned shorter ength of the chamberWal 
as a limitforensuringthatthe outer whirl willatleast 
be maintained during operation,to a closed,double 
toroidal form corresponding with the greater ength of 
the fiame chamberwal,The opentoroidalfameshape 
issuitable to be usedin cases wherein the burneris con 
nected to a heating or reaction chamberin an obique 
position,e.g,at45°?so that then during operation an 
equal distribution of the hot products from the burner 
overthechamberisensured? 
The divergingconical fuel supply channel may have 

a mouthcone angle yingbetween3G°and120°asouter 
allowable Jimits forenSuringa satisfactory operation of 
the system? 

In the Outerand/orinner Wal of the conicalannular 
channel one or more Supplyopeningsforliquidfuelmay 
be provided so astointroduce fuelinto and mixitwith 
the oxygen orairstream;anadditionalaxialchannelmay 
also be presentinacentral barrel of the burnerthrough 
which,forinStance?OXygenalonecan bepassed toprovide 
oxygen lancing before burnershut down,or steam for 
the modification of a partialcombustionprocessinwhich 
case the channelis preferaby in the form of a second 
inner divergentlyconicalpassage? 
A combustion device in accordance with the present 

invention wilnow be described bywayofexamplewith 
reference to the accompanyingdrawing,in whichFIG,1 
showsa diagrammatic cross-Section ofthesystemandin 
which FIGS.2and3show,onareducedscale,diagram 
natic viewsin Section ofthe systemintwodiferentposi 
tions of the fame chamberwalwith the corresponding 
fame patternsoccurringtherein duringoperation… 
ASShown in the drawing,the systemincludesacup 

Shapedfamechamber1in which combustiontakesplace, 
toroidal gas eddies being formed in operation n the 
mannerindicated diagrammaticaly bythearrows2and 
3·The cup-shapedfamechamber1isprovidedwitha 
fat bottom 4,in whicha burnerwith afatnozzle5is 
centralyarranged,Betweenthenozzle5andthebottom 
Part.4aconicalannuiarchanne 6ispresentfor leading thefue-oxidantmixtureintothecup-shapedfamecham 
ber betweenthetoroidalgasstreams2and3,Theside 
Wal7 of the fame chamber1isholowandis provided 
wihacircularbafie8 constitutingtwoconcenáica1an 
nuar water cooling channels 9and ??,these channels 
beingincommunicationatthemostforwardend11ofthe 
sidewal Suitableinletandoutletsforwatercirculation 
areProvided(notshownin the drawing),connectedto 
theinnerand outercoolingchannels9,16, respectively. 

?n preferred operation,air or OXygen is supplied 
hroughatube12 debouchingintotheannularcöhica1 
Shanne 6,ASuppyforliquidfuelcomprisesachanne1 
13 withina centralbarrel14,which channel13iscon 
nected toaslit-shaped opening15neartheoutletofthe 
Channel 6,However,itis alsopossibleto arrange the 
fuelsupplyinthe outerwalofthechanne16 as,forex 
ample,by meansofasupplychanne116and Openings ?7 
inthe outerwalofthechannel6,InthiscasetheBarrel 
14isayalableforprovidingasuppychannelforother 
Puposes,as,forinstance,forthe supply ofoxygenalone, 
to be Suppiedafterashutdown ofheapparafus,Itis, 
9fcourse,alsopossibletouseagaseoushydrocarbonfuel 
in Which case the fuelmay be premixedwith theair 
whichisto be usedforits combustion,Instead ofthe 
slt-shaped opening15aseriesofequalydistributed Sepa 
rate Openingscanbeused. 
?FIGS.2and3,showingtheparticularfamepatterns 

which occurat dferent positions ofthefamechamber 
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wal,the wallaswelasthe bottompartofthischamber 
are not indicated as holow members,for the Sake of 
simplicity,butit should be noted thatthe detailed par 
ticularsofthisembodimentaresimilartothose described 
withreferenceto FIG,1, 
The present combustion device mayalso be provided 

with water Supplymeansforthe injection of waterinto 
the gas Stream whenitisintended to produce hydrogen 
and carbon monoxide containinggas mixtures by partial 
combustion of hydrocarbons with oxygen orair,Such 
means may consist ofanumber of SmalSupply openings 
18arrangedinacircleinthe bottom4ofthe cup-shaped 
fiame chamber 1 around the channel6?Alternatively, 
an annularslitin the inner orouterwailofthe channel 
6may be provided forthe above purpose,Such a slit 
can be Suitably arranged opposite the fuel Supply open 
ing?The watercan be suppliedthrough a holowspace 
Surroundingthetube12,ifdesired,Inthelattercasethe 
water passing through Said Space,can additionaily be 
usedascoolingwater? 

Tests have been carried out with a system according 
totheinvention,whereinithas been operatedforprepar 
inggasmixtures containinghydrogenandcarbonmonox 
ide by the partial combustion of hydrocarbons with 
oxygen(air,andairenriched with oxygen mayalso be 
employed),which tests gave quite satisfactory resuits? 
Alsoasa highintensitycombustor,ie.forcompletecom 
bustion,the system hasbeenprovedtoworksatisfactoriy. 
The test apparatus concerned had the folowingmain 

dimensions: 

Innerdiamcterofthefamechamber(Di), 
inches----------------------------------- 4 5 

Diameter ofthc annualfuelSupply(D2), 
inches---------------------------------- 

Length offamechamberwal(L)??? COne0ffuelSpray,degrees----???????????? 

1From%inchto2inchesin bothcases, 

We claimasourinvention: 
1.A combustion device for hydrocarbon fuel com 

prising: 
a cup-shapedfame chamberadapted to be connected 

to a heatingorreactionchamber,saidfiame chamber 
havingagreaterdiameterthandepthandasubstan 
tiallyflatbottom wal; 

Saidfame chamberhavinga holowliquid cooledside 
walincludinganintermediate circular bafetermi 
natingnearthe open end ofthefame chamberto 

20 

25 

30 

35 

40 

45 

4 
formtwoconcentricannuiarcoolngchannelsthrough 
whichacoolingmediummaycirculate; 

a burnernozzle disposedin the center of the bottom 
walofthefamechamberforsupplyingfuelandan 
Oxidizingmedium to thefame chamber,Said burner 
nozzle comprisinganannulardivergingconicalchan 
nel havingacone angle between 30°and120°,said 
conicalchannelinaddition havingan outletopening 
inthe bottom walofsaidfamechamber,said burner 
nozzleinaddition havingafat-facedtip; 

the diameter of the fame chamber beinglargerthan 
the diameter ofthe outlet of said burnernozzle, 

2,The combustion deviceaccordingtoclaim1,charac 
terizedin thatthe diameter of the fame chamberisat 
least1.5timesandat most6timesthe diameter of the 
Outletofthe annularconicalchannel, 
3.The combustion device accordingto claim 1,char 

acterizedinthatthelength ofthecup-shapedfamecham 
berisadjustable. 
4.The combustion device accordingto claim 3,char 

acterizedin that the length of the fame-chamberisad 
justable between 0.1and 0.8ofthe diameter ofthefiame 
chamber, 
5.The combustion device accordingto claim1,char 

acterizedin thatatleastone of the outerandinnerwalls 
of the conicalannularchannelis provided with one or 
morefuelsupplyopenings. 
6.The combustion device accordingto claim1,char 

acterizedinthatthe bottom walofthe cup-shapedfame 
isprovidedwithwatersupplyopenings? 
7,The combustion device accordingto claim1,char 

acterizedin thatatleastone of theinnerandouterwalls 
of the annular conical channelis provided with water 
Suppy Openings, 
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