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This invention relatesto combustion and more particu 
larly combustion whichis completed under control with 
high heat release in a chamber of limited.size before 
utilization of the energy which is generated by the com 
bustion The invention is especially useful in its ap 
plication to the combustion of oil to which use how 
ever itis notrestricted. - 
Insome heatinginstallationsitis found to be of advan 

tage to complete the combustion of the fuelin a cham 
ber whereit may be controlled before utilizing the energy 
which the combustion generates It is of importance, 
however, to keep such chamberata minimum size both 
forthe purpose of facilitating control and foreconomy 
ofspace andmaterials. Inorder to employa combustion 
chamber of minimum size a high rate of heat release, 
?apid and continuous supply of fuel and air and thor 
ough and intimate association of fuel and combustion? 
supporting air areimperative Furthermore simple and 
rugged mixer and burner design are of the utmost im 
poriance both from the standpoint of operation and that 
of maintenance. 
When oilis burned as a dispersion in airit burns on 

the surface of the liquid droplets Such droplets are 
partially cracked by the high temperature in a local 
absence of air and the resulting carbon particles then 
burnassolids. Combustion of this charactertakes time, 
and if high heat release is required considerable space 
is negess?fy for completion of the combustion By 
vaporizing the oil dispersion prior to combustion it.be 
comes possible to attain a rapid rate of heat release in a 
small chamber. - 

I have now foundit possible to constructa simple rela 
tivelyinexpensive unitary burner and mixer which elimi 
nates parts heretofore considered indispensible This 
novel burner makes possible the use of a combustion 
chamber of minimum size wherein combustion may be 
completed at a maximum rate of heat release before the 
generated energy is utilized. 

According to the invention a single chamber.is uni 
tarilyformedwith amixingsectionand a.combustion sec 
tion in sequence the cross-Section of the chamber be ingabruptly enlarged toprovideasimple protectingshoul 
der in the combustion section behind which the fiame 
is held to assure continuous.combustion therein Where 
oilis employed itis sprayedinto the mixing section to 
disperse it into a column of air moving therethrough, 
and the dispersed oilis pre-heated and vaporized in the 
mixing section by returning to that Section a part of 
the burning gases from the combustion Section. 
initialignition combustion does not take place in the 
mixing section. 

Theinventionis shown by way ofillustration in the ac 
companying drawingS?wherein? 
Fig Iisalongitudinal mid-section through a fluid fuel 

burner constructed and arranged accordingto the inven 
tion; 
Fig.2 is a broken longitudjnal mid-section.through a 

diferently arranged fuid fuel burner according to the 
invention; = 
Fig.3is a broken longitudinal mid-section through a 

fiuid ?fuel burner according to the invention, which is 
still differentlyarranged; 
Fig.4 is a cross-section taken on the line IV-IV of 

Fig?1;and - * * 

?ig 5.is a longitudinal mid-section hrough a variant 
form of burner according to the invention. * 
The embodiment illustrated in Fig 1 shows in lon 
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gitudinal mid-section a burner comprising a conduit10 
through which a column of air passes The conduitis 
preferablyformedas a cylindricaltube andairissupplied 
thereto through an air duct 11 atitsupstream end the 
air_duct being connected with a source of.air supply 
such as 8 blower (not.shown). The airsupplied through 
the air duct 11 may be preheatedif desired to increase 
the temperature in the burner and the rate of combustion 
therein In any event all of the combustion air passes 
through the conduit 10 from end to end Means is 
Provided for lelivering.a fuel supply to the conduit 10 
this_means being here shown as a supply nozzle 12 with 
in the conduitat the end of a fuel supply tube 13 con 
nected to a source of fuel(not shown) outside of the 
Sonduit10 Ashereillustrated thefuelsupplyisdelivered 
into the combustion air substantially axialy of the con 
duit 10. 
The conduit 10 is longitudinally dividedinto amixing 

section 14andacombustionsection 15immediately down? 
Stream from the mixing section Downstream from the 
combustion Section a Suitable delivery section 16 of the 
conduitis formed for delivery of the products of com 
bustion to a_point of use as a furnace (not shown). 
Thus air is delivered to the conduit 10 through the air 
duct 11 Whence it passes through the mixing section 14, 
the combustion section 15 and the delivery section 16in 
sequence In order to obtain a high rate of heat release 
in the burner airis delivered thereto at high velocity 
and a sufficient quantity of fuelis mixed with this air 
toutilize all ofitin the combustion process and to obtain 
complete combustion of the fuel Where rich mixtures 
are employed a sufficient quantity offuelis mixed with 
the air delivered to the burner to produce the desired 
reducing gases The_design of the burner makesit possi 
ble to produce reducinggases by burning very rich?mix 
tures without deposit of carbon in the burner as will 
laterappear. * 

The mixing section 14 of the conduit 10 here shown 
is formed as a yenturiand the spray nozzle 12is cen 
trally disposed therein in position to spray the fuelinto 
the mixing Section adjacent the Venturi throat In the 
embodiments illustrated in the drawings the fuel is 
Sprayed into the mixing section immediately downstream 
from its.Venturi throat Accordingly the fuel spray is 
dispersed into the.column of air moving through the 
mixing Section and the Venturiform of this sectionit 
self performs a mixing function in well known man 
18T? - 

Spinner vanes 17 may be carried by a hub 18 on the 
fuel supply tube 13 adjacent the nozzle 12 in the path 
of the onrushing air Thus, turbulent movement of 
the air past the spray nozzle 12 may.assist dispersion of 
the fuelinto the air and also centrifuge the liquid par 
ticles to the wall where the fuelis vaporized. 

The combustion section 15 is formed by abruptly en 
larging the diameter of the conduit 10 immediately be 
yond the mixing Section and is preferably cylindrical in 
form. An annular shoulder 19 is thus formed at the 
upstream end of the combustion section 15. When the 
fuel-air mixture isignited the annular shoulder 19 pro 
vides a.protecting area which acts as a heated flame 
holder for the burner It will be appreciated that the 
fuel-air mixture entering the combustion section 15 at 
high velocity will disturb the burning mixture adjacent 
the annular shoulder 19 to a minimum extent Thus, a 
relatively quiet or low velocity Zone is maintained be 
hind the annular shoulder where the flame continues in 
relatively undisturbed condition despite turbulence which 
is causedin the rest of the combustion Section Further 
more the annular shoulder 19, providing an outer an 
nular flame holder causes combustion of the fuel-air 
mixture to progress from a.high temperature region in 
wardly to the region of unburned gases. "This type of 
flame holder therefore minimizesthe possibility ofchilling 
ofthe gases bycoolwalls before combustionis completed. 
The fuel air mixture may be ignitedin any known or ? 

convenient manner In the embodiment of the invention 
which is illustrated in Fig.1 a Spark plug 20 is dis 
Posedin the combustion section 15 on the outer part of 
the annular shoulder 19 Thus the fuel-air mixture in 
the combustion section may be initially ignited and the 



3,701,308 
@ 

mixture may.be.re-ignited at.?e fame holder when mecessary Efective?ignition of the fuel-air mixture in 
the combustion Section 18?has als? been ealized by placing the,spark plug 29 immediately adjacent the 
junction of the mixing Section with the combustion?Sec 
tion as illustrated in Fig 2 In fact?good results have 
been obtained by creating a Spark at any point on the 
annularshoulder19. 

In.order that fuid fuel delivered through he spray 
nozzle 12 into the mixing section may burn quickly and 
completely?itis important that the fuel be most inti 
mately associated with the air This is particularly So 
where oilis employed as a fue for reasons which have 
already been stated Accordingly in addition to fine dis 
persion of the fuid fuelinto the mixing section 14 by 
the Spray nozzle 12, provision is made for heating the 
fuel for more complete vaporization asit enters the air 
stream A return conduit21 is therefore provided, ex?? 
tending from.a ring of openings 22 in the annularshoul 
der l9 rearwardly from the combustion section to the 
Venturithroat of the mixing section 14, where the highly 
heated gases from the combustion section heat and va 
porize the fuel supply as it mixes with the air stream. 

Pre-heating the air stream itself assists materially in 
providing high temperature centrally of the mixing sec 
tion and in heating or vaporizing the fuel supply itself 
as it mixes with the air stream. This may be an im 
portant?factor in the larger types of burner wherein 
highly heated gases from the combustion section, enter 
ing the Venturithroat do not always readily reach the 
center of the fuel-air stream heating or vaporizing of 
which Should not be delayed The air stream may be 
pre-heated in known or convenient manner. 

?n the embodiment here illustrated the heated com 
bustion gases from the combustion Section are delivered 
into the mixing Section at the Venturi throat As here 
Shown the return conduit 21 which carries the gases 
from the combustion section to the Venturithroatis an 
nular in formand extends rearwardly around the mix 
ing section The heated combustiongases enter the Ven 
turithroat of the mixing section i4through an annular 
slot_23 therein Clearly a series of separate openings 
might replace the.annularslot23 and the form and po 
sitioning of this slot may be varied somewhatfrom that 
here illustrated Clearly also the burning combustion 
gases need not enter the return conduit through a ring 
of Separate openings; although itis preferred that these 
gases enter the return conduit21 from an area close to 
the end of the mixing section in order to provide an an 
nular corner within the combustion section between the 
shoulder 19 and the wall of the combustion section, 
where the flame may be relatively undisturbed and con 
Stantly held In any event the diameter of the tube is 
abruptly increased to form the combustion section?and 
to provide a protecting annular shoulderin the tube to 
actas a flame holderin the combustion section, 
From the foregoing the_function of the apparatus will 

be obvious the column of.air entering the burner from 
the air duct11 passes at high velocity through the mix 
ing section 14 and into the combustion section 15. As 
the airpasses the Venturithroat the fuelis dispersedinto 
it by the spray nozzle 12 being finely divided and mix 
ing progressively with the air.as both pass through the 
mixing section Atthe same time exceedingly hof com 
bustion gases are drawn.into the mixing section through 
the annular slot 23 in the Venturithroat?and heat the 
Gispersion offuel to such atemperature thatit vaporizes. 
Thus a more intimate fuel-air mixtureis provided. The 
mixture is ignited and complete combustion is largely 
efected in the combustion chamber15?whence the prod 
ucts of combustion issue through the delivery section 16 
to a point ofuse Protected against the on-moving mix 
ture by the annular shoulder 19, a continuous body of 
flaming mixture is held immediately inside of the com 
bustion.chamber The reduced pressure at the Venturi 
throat draws a portion of this fiaming mixture rearward 
1ythrough the annular return conduit21surrounding the 
mixing Section and thence through the annular slot 23 
into the mixing section to vaporize the dispersed fuel 
therein. 
The hot gases passing through the annular conduit 

21 heat the walls of the mixing section 14, thustending 
to prevent deposit of carbon thereon when a portion of 
the fuel-air mixturg is gnied therein as in the appara 
tus shown in Fig 3. Furthermore the intimate mixing 

10 

15 

20 

25 

30 

35 

40 

45 

50 

60 

70 

75 

80 

85 

of the dispersed and vaporized fuel with the air the 
rapid rate of combustion in the burner and the quick pas 
Sage of_the gases through the burner also prevents?de 
posit of carbon therein, - 
Although ordinarily combustion does nottake place in 

the.mixing section ünder certain conditionsit may be 
Preferred to ignite the dispersed and vaporized fueI to?? 
gether with the airwith which itis intimately associated 
in he mixingsection 14, and to maintainignition atthat 
point _Fig:3illustrates a burner for efecting this re 
Sult wherein a spark plugin the form of an electrode 
20a is positioned in the mixing section at a short dis 
tance from the Spray nozzle 12. The electrode 20ais dis 
posed with its tip at the outer edge of the cone of fuel 
which is projectedinto the mixingsection 14 bythe spray 
mozzle.12. The ignited mixture impinges upon a baffie 
? causes turbulence and further mixes the fuel 
a?1C1 a1F? 
Another embodiment of the inventionisillustratedin 

Fig?5. Here the rim of the mixing section wallis flared 
outwardly and rearwardly at the Venturi throat to Sur 
round the upstream part of the venturi Thus there is 
provided an annular slot 23a through which the heated 
combustion.gases enter the Venturithroat of the mixing, 
Section 14 in the general direction of movement of the 
fuel and air.therethrough By virture of this arrange 
ment occasional back pressures resulting from un 
Steady?flow.conditions during “rough" burning are re 
lieved into the annular return conduit21a. One ormore 
holes 25 in the outerwall of the annularreturn conduit 
provide for relief of excess pressure therein. 

In the embodimentillustrated in Fig.5 there is also 
shown an insulated electrode 20b which extends forward 
ly through the conduit 10 adjacentits outer wall and 
through the annular return conduit The electrode 20b 
projects through the annular shoulder 19 into the com 
bustion_chamber 15?where its end 26 is disposed in a 
niche 278nd arcs to a second electrode 28 carried bythe 
annularshoulder 19 in order to ignite the fuel-air mix 
tuIre. 

Pig 5 also shows additional means forimproving the 
stability of burning ?This means comprises two?sec 
ondary tubes 29 and 30 respectively coaxially disposed 
within the combustion section 15 of the main burner 
tube The tube 29 is of slightly smaller diameter than 
the_downstream end of the mixing Venturisection and 
is slightly spaced therefrom. The second tube 30 is of 
Stillsmaller diameter and its upstream end istelescoped 
in!o the downstream end of the tube 29. Together the 
tubes 29 and.30 control the progress of the fame front 
F shown in broken line outline??in the combustion sec 
tiOf1. 

Stl! further variants of the invention are of course, possible For example:gas may beadded to the burner 
as a supplemental fuel as through a nipple connection 
31 with the annular return conduit21 as?shown in Fig. 
2 Also gas may be added to the air which enters the 
burner through the air conduit 11 Infact the burner 
may be used effectively with gas alone as the fuel. * 
From the foregoing it will be seen that the present 

invention provides a burner wherein combustion of the 
fuel-air mixture may be completed before its energy is 
put to use under control and in a chamber of mini 
mum.size The mixing.apparatus and the combustion 
chamber are unitary inform and a simple and rugged 
apparatus is provided. 
The forms of the invention here described and illus 

trated are presented merely as examples of how the in 
Vention may be applied Other forms and embodiments 
of the invention will of course suggest themselves to 
those skilled in the combustion art. 

I claim: - 
1?_A burner comprisingatubethrough which a column 

of air.passes.said tube being longitudinally divided into 
a mixingsection of Venturiform and a combustion sec 
tion formed immediately downstream from the mixing 
Section by abruptlyincreasing the diameter of said tube, 
means for dispersing an oil fuel into the air column 
passing through the mixing section of said tube nearits 
Venturithroat and means forigniting the fuel-air mix 
tgre passing through said tube??the abruptly increased 
diameter of said tube providing an annular shoulderin 
said tube to act as a flame holderin the combustion sec 
tion he?eof in combination with means for vaporizing 
the oil dispersion in the mixing section of said tübe said 
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means comprising a conduit connecting the combustion 
Section of Said tube at the annular shoulder thereof with 
the mixingsection ofsaid tube substantially atits Venturi 
throat whereby the diference in static pressure between 
the combustion section and the Venturi throat of the 
mixing section of.said tube carries the burning gases re 
Yersey to the mixing Section of Said tube o.vaporze 
the dispersed oil fuel therein for intimate mixture with 
the air column prior to combustion. 

2. Aburner comprisingatube through which a column 
of air passes said tube being longitudinally divided into a 
mixing section of Venturi form and a combustion sec 
tion formed immediately downstream from the mixing 
section by abruptlyincreasing the.diameter ofsaid tube, 
means for dispersing an oil fuel into the air column 
passing through the mixing section of said tube imme 
diately downstream fromits Venturi throat and means 
forigniting the fuel-air mixture passing through Said 
tube the abruptly increased diameter of said tube pro 
viding an annular shoulder in said tube to act as a 
flame holder in the combustion section thereof in com 
bination with means for vaporizing the oil dispersion 
in the mixing section-of Said tube said means compris 
ing an annular conduit extending around said mixing 
Section connecting the combustion section of said tube 
at the annular should thereof with the mixing section of 
said tube substantially atits Venturi throat whereby 
the diference in static pressure between the combustion 
section and the Venturithroat of the mixing section of 
said tube carries the buminggases reversely to the mix 
ing section of said tube to vaporize the dispersed oil fuel 
therein forintimate mixture with the air column priorto 
combustion. 

3. A fiuid fuel burner consisting of a tube through 
which a column of air passes said tube being abruptly 
enlarged to provide a mixing section of small diameter 
and a combusion,section thereof9f larg? diameter a spray.nozzle for dispersing a supply of fiuid fuel into 
the mixingsection ofsaid tube to mix with the air column 
passing therethrough the abruptenlargement ofsaid tube 
providing a heated Shoulder behind which the flame is 
heldin the combustion section ofsaid tube and a conduit 
connecting the space immediately behind the shoulder 
in said tube with the mixing section thereof to convey 
heated combustion products from the combustion sec 
tion.to the mixingsection of said tube for pre-heating the 
fluid fuel. 
4 Aburner comprisingatube through which a column 

of air?passes.said tube being longitudinally divided into 
a mixing section of Venturiform having an annularslot 
therein at its Venturi throat and a combustion section 
formedimmediately downstream from the mixing section 
by abruptlyincreasing the diameter of said tube to form 
an annular shoulder a spray nozzle for dispersing a 
fluid fuelintothe mixingsection ofsaid tubeimmediately 
downstream from its Venturi throat to mix intimately 
with the air.column passingtherethrough an annularcom 
duit extending around said mixing section and connect 
ing the combustion section of said tube atits annular 
shoulder.with the mixing section of Said tube through 
the annularslot at the Venturithroat thereof and means 
forigniting the mixture whereby the difference in static 
pressure between the combustion section and the Venturi 
throat of the mixingsection of said tube carries the burn 
ing gases reverselyto the mixing section of said tube to 
pre-heat the dispersed fluid fuel thereinforintimate mix 
{Prewith the aircolumn passing through the mixingsec 
tion. 
5?A burner comprising a tube through which a 

column of air passes said tube being longitudinally di 
vided into 8 mixing section_of Venturi?form having 
an annular slot therein atits Venturithroat and a com 
bustion.section_formed immediately downstream from 
the mixing section by abruptly increasing the diameter 
9f Said tube to form an annularshoulder a spray nozzle 
for.dispersing B liquid fuel into the mixing section of 
Saidtubeimmediatelydownstreamfromits Venturithroat 
to mix intimately with the air column passing there 
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6 
through an annular conduit extending around said mix? 
ing Section and connecting the combustion Section of 
said tube atits annular shoulder with the mixing sec 
tion of said tube through the annular slot at the Venturi 
throat thereof and means forigniting the mixture in 
the mixing section of Said tube whereby the difference 
in static pressure between the.combustion section and 
the Venturi throat of the mixing Section of Said tube 
carries the burning gases reversely to the mixing section 
of said tube to vaporize the dispersed fluid fuel therein 
forintimate mixture with the air column passing through 
the mixing section. 

6. A burner comprising a main tube through which 
a column ofairpasses, Said main burnertube beinglongi 
tudinally divided into a mixing section of Venturi form 
and a combustion section formed immediately down 
Stream from the mixing section by abruptly increasing the 
diameter of Said main tube means for delivering a fuel 
Supply to the mixing Section of said tube nearits Venturi 
throat to mix with the air column passing therethrough, 
and means forigniting the fuel air mixture in the com 
bustion Section of said tube?in combination with a sec 
ondary tube coaxially disposed within the combustion 
Section of said main tube said secondary tube having a 
diameter smaller than that of the downstream end of 
Said mixing section and being spaced therefrom the 
abruptly increased diameter of said main burner tube 
providing an annular shoulderin said main tube to act 
as a heated fiame holderin the combustion section there 
of and said secondary tube controlling the progress of 
the flame front in the combustion section of said main 
burner tube. 
7.?A burner comprising.a main tube through which 

a.column of.air passes said main burnertube being lon 
gitudinally dividedinto a mixing section of Venturi?form 
and a combustion section formed immediately down 
stream from the mixing section by abruptly increasing 
the diameter of.said main tube means for delivering a 
fuel Supply to the mixing section of said tube nearits 
Venturithroat to mix with the air column passing there 
through and means forigniting the fuel air mixture in 
the combustion section of said tube?in combination with 
a plurality of secondary tubes coaxially disposed within 
the combustion section of said main tube one of said 
secondary tubes having a diameter slightly smaller than 
that of the downstream end of said mixing section and 
being Slightly spaced therefrom and an adjacent second 
ary tube being of smaller diameter and having its up 
Stream end telescoped into the downstream end of said 
first-named tube the abruptly increased diameter of said 
main burnertube providing a heated annular shoulderin 
Said main tube to actas a flame holderin the combustion 
Section thereof and said secondary tubes controlling the 
progress of the flame frontin the combustion section of 
said main burner tube. 
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