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The present invention relates to an improved 
method of and apparatus for burning fuel par? 
ticularly liquid fuel Such aS Oil under preSSure. 

Oil burners which bürn Oil under preSSure and 
whichare of the type Commonly Called“guntype" 
or “gun burners” derive their name from the 
relatively long air blast tube which has the ap? 
pearance of a gun barrel Such a burnerincludes 
a pump connected to anatoraizing nozzle centrally 
disposed at the inlet end of the tube for diS 
charging a stream of atomized Oil A fan Sup? 
plies a relatively1arge volume of air to the inlet 
end of the tube An igniter is uSually mounted 
near the nOZZle forigraiting the fuel Oil and the 
velocity of "the air Stream blOWS the fuel Oil 
through the tube. Sorne burning takes place in 
the tube, but most Of the burning takes plaCe 
after the stream of air and fuel oil pass fron the 
tube into a Combustion chanaber. These gun type 
Oil burners are relatively ineficient and are quite 
noisy. One Cause of thiS noise is the pulSating 
pressure producedin thetube andthe Combustion 
Chamber. 

the outlet end of the tube to provide a whirling 
action in the stream and thereby mix the airwith 
the fuel oil. Thisturbulence is another Source of 
noise Insofar as is knOWn all types of these 
pressure type oil burnerS are quite noisy and the 
main difference between various pressure burners, 
insofar as the apparent noise is conCerned, is in 
the rnanner in which the furnace is inSulated SO 
as to deaden the noiSe. 
Another dificulty encountered in Operating 

pressure type oil burners arises from a tendeney 
to deposit soot on any relatively Cold Surface 
against whichthe partially burnedgases impinge 
or acroSS which the gases flow. A Very Slight 
variation ofthe burner controls fromthe optimum 
settings wil1 result in a large amount of Soot? 

ACCOrdingly?it is an Object Of the preSent in? 
vention to provide an improved apparatus for 
burning fuel that willeffect better mixing of the 
fuel and air and therebw burn the fuel with 
greater efficiency that will effect complete com 
bustion of the fue1 in a relatively short com 
bustion Zone?that will prevent the deposition of 
carbon?and that will be quiet. 
Another obiect of the present invention iS??o 

efect hetter mixing of a fuel with a combustion 
supporting gas. Such-as air so asto morequickly 
and effiniently burn the fue in a relativelY short 
cornhustion zone. 
Another obiect of the present invention is to - 

provide an improved pressure-type liquid fuel 

Many of these burners include curved 
or angularly disposed vanes or other means at 
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2 
burnerwhichincludesa combustion head a nozzle 
for Spraying a stream of liquid fuelinto the head 
and means for blowing a relatively Smaller 
arnGunt of air into the headalong With the fuel. 
This improved burner includes air paSSages ar 
ranged to discharge a relatively larger volume of 
air in the form of relatively high velocity?1ow 
preSSure jets or Streams into and across the path 
of the burning stream ofgasified fuel The low 
preSSure jets inSpire the gaseous fuel to effect im? 
prOVed mixing of the air and fuel and more effi 
Cient Combustion Preferably the combustion 
head Contains paSSage means arranged to naain 
tain a rotary Stream of air about the burning 
Stream of Sprayed liquid fuel while the fuel is 
being converted to agaseous form to prevent the 
dep0Sition Of Carbon On the inner Surface Of the 
head The present improved burner operates very 
quietly. 
These and other Objects and advantages of the 

present invention willbecomemoreapparent from 
the following description taken with accompany? 
ing drawings, in which: - 
Figure 1 is a side view partiallyin section of 

a burner embodying the principles of the present 
invention; 

?"igure 2 is a sectional view taken along 1ine 
2?2 of Figure 1; 
Figure 3 is an end view taken as Shown by line 

3?3 on Figure 1; and 
Figure4 is a fragmentary sectionalview taken 

along line 4-4 of Figure 1 
The present invention will be described in con 

nection with the burning offuel oil but its princi 
ples may be utilizedinthe burning of other1iquid 
fuels and as wil1 be pointed out at 1east Some 
of its principles rnay be utilized in the burning 
of gaseous fuels. 
Referringto the drawings showing a preferred 

embodiment of the present invention and illus 
trating a preferred method of burning 1iquid fuel, 
the burner shown in these drawings is intended 
for burning fuel oil to heat water in a furnace 
of a hot water heating System. The burner may 
be usedwith othertypes offurnaces and heating 
systems. The burner includes an electric drive 
motor I0 mounted on the side of Casing I I. A 
fuel oil pump 2 is mounted on the opposite side 
of Casing II and has a Shaft 13 connected to 
shaft I4 of motor I0through connector i5. Pump 
I2 is connected through tube I6 to a tank, not 
Shown, or other Suitable souree of fuel oil and is 
connectedthrough anoutlettube 17tothe burner 
for supplying oil under pressure upon energiza? 
tion of motor I0. 
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On the Side of CaSing f ! there is mounted a 
tube 19 and betweentube H9 and casing II there 
is ashield20 shown only in part The shield 20 
may be part Of a furnace coVer. In the tube !9, 
there is mounted a Combustion head 22 Of Sub 
Stantially frusto-conical shape and having an in 
terior Surface 23 defining an elongated Combustion 
Chamber 24 having an inlet 25 and Outlet 26 at 
opposite ends. It is to be noted that combustion 
Zone 24 has a circular periphery or outline when 
cut by a plane norma1to the length of the zone. 
An annular Wall 27 extends SupStream fron the 
Combustion head 22 and the upstream end Of 
wal127 is closed by a cap 28. The wal127 and 
cap28 together define a plenum or chamber29. 
In the bottorn of casing !! there is mounted 

a tube 3! which extends through cap 28 and has 
On its outlet end an atonaizing nozzle 32 Centrally 
arrangedinthe inlet opening 25 of head22. The 
tube 3i is Connected through tube 17 to pump 12 
SO that When the rnotor I} iS energized, Oil is 
Supplied to noZZle 32 under pressure Nozzle 32 
is preferably of the type which discharges a Sub 
stantially Conical Strearn of atomized fuel Oil in 
the form of finely divided droplets, although a 
InOZZle Which discharges a Cylindrical Stream may 
be utilized A pair ofelectrodes 33 are mounted 
ClOSely adjaCent to nozzle 32 and each is Con 
nected through a Conductor35to a Source of elec? 
tric Current for producing a spark between the 
electrodes for igniting the atomized fuel oil. 
On motor Shaft 4, there is mounted a far136. 

When fan 36 is rotated by motor {0, airis drawn 
into CaSing II through an inlet opening 38 and 
is forced under pressure into the outer chamber 
39. The fan 36 supplies the air for burning the 
fuel oil The air flows from chamber 39 through 
Opening ?8 into a main or fan discharge plenum 
42 inside of tube l9 The tube #9 is closed on 
the downstream side so that no air can flow 
fron plenum 42 past the head 22 between head 
22 and tube !9. The pressure in plenum 42 is 
the pressure developed bythe fan 36. In wal127, 
there are a plurality of openings 43 and air flows 
frorn the main plenum &2 through openings 27 
?nto the primary air plenum29and fromplenum 
29 through inlet opening 25 into the combus 
tion Zone 24. Thus a stream of burning air and 
fuel Oil is blown into and travels longitudinally 
through the Combustion zone. 
As the burning Stream enters the combustion 

ZOne 24through the inlet 25,the oi1isin the form 
of Small droplets. Enough oil is immediately 
Waporized SOthat burningis started bytheigniter, 
electrodes 32. This initial burning heats the 
Stream of fuel oil andaids invaporizing orgasi 
fying the fuel oil Conversion of the fuel oi1to 
a gastakestimes So that as the burning stream 
of fuel Oil and air move through the initial por 
tion of the combustion zone 24 only a smali 
amount of fuel oil is burned and most of the 
liquid fuel oilis being convertedto agaseousfuel. 
As the fuel oil moves through this initial por 
tion and is being only partially burned there is 
a tendency for the burning stream to deposit 
Carbon on any relatively cold surface which the 
Streamcontacts. In addition?thereissometend 
ency for the initially burning stream to heat the 
Combustion head While the burning streamwi11 
tend to heat the head sufficiently toshorten its 
life the headwilberelativelycolderand thefact 
that the head is heated will not eliminate the 
tendenGy for Coketo be deposited ontheinternal 
Surface of the head. 
In orderto prevent the deposition of coke and 
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4 
to prevent overheating of the head, a blanketing 
Stream of air js rotated transwersely about the 
burning Stream. This blanketing stream of air 
rotates about the periphery ofthe burningstream 
adjaCent the inner Surface 23 of head 22. The 
axis of rotation is the longitudinal axis of the 
Combustion Zone as Well as the longitudinal axis 
of the Stream extending in the direction of 
movement through the combustion zone A pre 
ferred means of providing Such a blanketing 
Stream ofairis Shown in the drawings. Extend 
ing about the inlet end of head 22 and Connected 
to Wal12T is a Wall 45. Wall 45, wall27 and head 
22 together Constitute wall means defining a 
SCavenging air plenum 46. 
Wall 45 contains a plurality of ports 47 com 

municating With plenuins 42 and 46 so that air 
flows frona plenum 32 into plenum 46. The com 
bustion head Wallis provided with a plurality of 
passages49arrangedinbanks 48. Referringmore 
particularlyto Figure 4,the passages 43 are simi 
lar and Only one Will be describedin detai1. Each 
Outlet paSSage 49 has an inlet and out1et and ex 
tendstangentially to the inner surface 23 and to 
the periphery of Combustion Zone 24. As shown, 
each paSSage 49 extends in a direction normalto 
the direction of travel of the burning stream 
through the head The passages 49 may be in 
Clined forwardly toward the outlet 26 so as to 
both direct a Stream about the periphery of the 
Combustion Zone and also forwardly toward the 
Outlet 26 With either arrangement passage 43 
is located in a planetangent to the circular pe 
riphery of the Combustion Zone and extends in 
a direction transverse to the direction of travel 
of the burning stream of fuel oil through the 
head Asingle wide passage may be substituted 
foreach bankof passages. The passages g9direct 
a plurality of Streams of air about the inner pe? 
riphery of the head adjacent the inner surface. 
This rotating blanket of air primarily prevents 
the deposition of coke on the surface of the head 
but also reduces heating of the head. This 
blanket of air is subsequently mixed with the 
gaseous fuel oil and Supports combustion of the 
fuel oil but in the initial portion of the com 
bustion Zone there is a thin layer of substan 
tially pure air next the surface of the head. 
The total amount of air discharged into the 

Combustion Zone through inlet 25 and DaSSageS 
49 is only a Small part of the tota1 air required 
to Complete combustion of the fuel The Imajor 
portion of the air required for combustion is 
added to the burning stream offuel oilafterthe 
Oil is completely or substantially completely con 
Verted to the gaseous state To complete com 
bustion a large amount of air must be difused 
throughout the gaseous fuel This mixingordif 
fusion of gases normally takes a relatively 1ong 
time and extends over a long distance offlamé 
travel In accordance with the present inven 
tion the major portion of air necessary to com 
plete Combustionis quicklyandthoroughlymixed 
With the fuel oil and combustion is completed 
While the fuel oil moves forwardly only a short 
distance A large number of passages5? extend 
through the Wall of head 22 between the banks 
48 and outlet 26. Each passage 5t is in com 
munication with plenum 42andthe pressure drop 
across the passages is relatively high sothat each 
passage directs a high velocity low pressure jet 
Of air transversely across the burning stream of 
fuel oil Each jet inspirates gaseous fuel oil, 
andthe airandinspiratedfueloilarethoroughly 
mixed and immediately burned When 1ooking 
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a?one ofthese high Veloci?y jets tbereis only a 
Very Sraall Glear cope of airadjacent the passage: 
the reaainder of thejet is buraing These high 
velocity jets drawin and mix with the fuel oil 
SO thoroughly that combustion is complete or 
Substantiallycomplete when the stream of burn 
inggases passes.outlet 26 Flames donotextend 
down thetube 49, and the forwardor downstream 
face of the flame willassumethe shapeindicated 
by broken line 52 Avery smalltip of flame 53 
may extend down the center of tube f9from the 
face ofthe main flane As Shown each passage 
5t extends toward the middle or central axis of 
the Combustion Zone but the passages may ex 
tend in a direction transversely of or across the 
combustion Zone without extending directly to 
ward the axis The passages 54 mayextend in 
a direction normalto the-axis of the combustion 
Zone Preferably the passages 54 are paralle1 
toeachother. ? 
Forpurposes ofillustration and not limitation, 

thereare 12 passages 43,each havingadiameter 
of ?of an inch. Thus thetotal cross-sectional 
area of the paSSages 43 is leSS than the area of 
the inlet 25 So that the passages controlthe flow 
of air past the nozzle 32. If desirable the inlet 
25 may be in direct communication with the fan 
plenum42 orwithairfromadiferentsource but 
the inlet 25 Would?under Such Conditions, haVeto 
be more accurately sized The structure shown ? 
is preferred Twelve passages 4T each having a 
diameter of 1%4 of an inch are providedin wall 
45 forconductingairfromplenum 42intoplenum 
46. The tangential passages ?9 each have a di 
ameter of 1%4 ofaninch sothattheirtotal cross 
Sectional area is greaterthan.the total CrOSS-SeC? 
tional area of passages 47. With this arrange 
ment the blanketing air stream discharged by 
the passages 49 has a relatively lower velocity 
than the jets issuing from paSSageS 5f as the 
pressure drop between the plenum 46 and the 
combustion zone is less than the pressure drop 
between plenum 42 and the combustion ZOne; 
The blanketing air stream has a relatively high 
pressure and 1owervelocity so that this strearn 
does not tend to inspirategases as do the high 
velocity lower pressure jets from passages 51. 
The pressure drop across the passages 5fis rela? 
tively high so that the air jets issuing from the 
passages have a relatively high velocity and low 
pressure Each of the passages has a diameter 
of % inch and 72 passages arearranged in each 
row As shown?there are 6 rows of 72 passages. 
Thus by farthe majorportion of airfor com 
bustion of the fuel oilis discharged through pas? 
sages 5t?and only a minor portion of the airis 
discharged through the inlet passage means or 
the blanketing orscavenging paSSage meanS. 
The high velocity jets from passages 51 may 

be usedwithout the scavenging airblanket from 
Passages 49, especially when the fuel is initially 
in a gaseous state when dischargedintothe Corn? 
bustionzone The highwelocityjetsareespecial 
1y useful when the blanketingstream is-used as? 
the high velocity jets mix the gasifled fuel ofl 
with this blanketing air when the jets inspirate 
the surroundinggases of the burningstream. 
Asshown more clearlyin Figure2 a damper 55? 

is mountedin the casing II and includesslots;56 
which are inclined Screws 57 extend through 
the casing II and the slots 56. One end 58 of 
damper 55 extends inside of the fan-36. When 
the fan rotates, airis drawn-throughthe damper 
opening at 59 through the cylindrical damper 55 
and forcedinto?the chamber 39. When it is de 
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Sired to changethe amount ofairflow, the88rews 
57 maaybe loosened andthe damperturned about 
the axis of rotation of the fan 36t0 move the 
damper longibudinally along this axis to in 
Crease OrdeGreasethe portion ofthe fan.36 which 
is blocked bythe end 58 Thus, the rate of air 
flow and the pressure developed in plenum 42 
may bereadilyadjusted. 

Suitable Controls may be provided for auto 
matically operating the burner and these con 
trols may be of any Well-known type When the 
nnotor 10 is energized airis Supplied to plenum 
42 andoilis Supplied under preSSure to nozzle 32. 
Some airflows into the CombuStion ZOnethrough 
inlet 25 along with the atomized oil, and this 
strearn of oil and airis ignited by the igniting 
raeans including electrodes 33. The burning 
Strean1 haovesthrough the cornbustion Zone 24to 
the outlet 26. Asthe burning stream of oil and 
airpassesthroughtheinitial portion ofthe com 
bustion zone ablanketing airstream discharged 
through the passages 49 rotates about the pe? 
riphery ofthe combustion Zone and the burning 
stream primarily to prevent the deposition of 

5 Carbon on the interior Surface ofthe COmbustion 
head 22. As the stream moves through a Sub 
sequent portion of the combustion Zone 24 a 
large number of high velocity jets are directed 
inwardly from the periphery of the stream and 
across the stream These high Velocityrelatively 
1ower pressure jets frona passages 51 inspire the 
gaseous fuel oil, a part of which has been burned, 
to forma combustible mixture which burns while 
the burning stream is moving forwardly a rela? 
tively short distance The hot gaseous products 
of combustion movethroughtube H9 to thestack 
and as the gases move through the tube they 
give up their heat to the water Surrounding the 
tube andthis water may be confined by an outer 
casing shown in part at 60. Combustion is SO 
complete in the combustion Zone that the inter 
na1 surface of the tube 19 remains bright and 
clean and carbon is not deposited on the rela 
tively coldsurface of the tube. 

In accordance with the present invention a 
burning stream-of fue1 oil and a relatively small 
amount ofairis dischargedinto the inle end of 
a combustion Zone and moved through the Com? 
bustion zone at a relatively low velocity As the 
fuel oil is being converted to the gaseous forrn, 
a rotating blanket of airis maintained about the 
periphery of the burning stream to prevent the 
deposition ofcoke on the combustion head defin? 
ing the combustion zone. After the fuel oil has 
been converted to a gas, high Velocity, low preS? 
Sure streams-of air are directedinwardly acroSS 
the burning stream to Complete Combustion, 
These high velocityjets contain a major portion 
of the air necessary to complete combustion of 
the fueloi1 and the jets inspire the gases of the 
strearn No airis added SubSequently as Corn? 
bustion is complete The present method of 
burning fue1 is eficient andrelatively quiet and 

65 does no?result"?the deposion of carbon on 
any surfaces which the burning gases Contact, 
In the foregoing description air has been re 

ferred to as beingthe combustion-supportinggas, 

75 

but it istobe undertsood that other oxygen-con 
taining gaSes Such as oxygen-enriched air or 
relatively pure Oxygen may be used. The com 
bustion Zone24 is shown and described as having 
a SubStantially frusto-conical shape but it isto 
be underStood that the combustion zone may be 
Substantially cylindrical. 
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I claim: 
1. Apparatus for burning fuel oil comprising 

an elongated blast tube, means including a Com? 
bustion head extending across the tube to pre 
Vent the flow of air therebetween past the Com 
bustion head which includes a Wall defining an 
internal fruSto-Conical combustion Zone having 
an inlet opening at the Smaller end and an out? 
1et Opening at the larger end, Wall means in the 
tube defining with the Combustion head and the 
tube a main plenum on the upstream Side of the 
Combustion head a fan for Supplying air to the 
main plenum an atomizing nozzle Centrally 
1ocatedin the inlet opening for Spraying a stream 
of fuel into the COmbustion ZOne, primary Wall 
rneans defining a primary air plenum at the 
upstreana side of the inlet Opening primary air 
passages in and extending through the primary 
wall means and Communicating With primary 
and main plenums whereby air flows frora the 
main plenum through the primary plenum and 
then through the inlet opening about the nozzle 
into the combustion Zone, and Secondary Wall 
means defining a scavenging air plenum about 
a portion of the conabustion head adjacent the 
inlet, passages in and extending through the SeC? 
ondary wall means in direct communication With 
the main plenum a plurality of banks of Scaveng? 
ing air ports arranged about the periphery of 
the combustion Zone a passage in the CombuS? 
tion head and extending from each port through 
the combustion head wall and terminating in an 
inlet port in direct communication with the SCaV? 
enging plenum the passages ofeach bank being 
tangent to the periphery of the Combustion ZOne. 
2.Apparatus for burning fuel oil Comprising 

an elongated blast tube means inCluding a COm" 
bustion head extending across the tube to pre 
vent the flow of air therebetween past the Com? 
bustion head which includes a Wall defining an 
internal frusto-conical Cornbustion Zone haVing 
aninlet opening at thesmallerend and an outlet 
opening at the larger end wal1 naeans in the tube 
defining with the combustion head and the tube 
a main plenum on the upStream Side of the Com? 
bustion head afan for supplying airto the main 
plenum an atomizing nozzle Centrally loCated in 
the inlet opening for spraying a stream of fuel 
into the combustion Zone, primary Wall meanS 
defining a primary air plenum at the upstream 
side of the inlet opening primary air paSSageS 
in andextending throughthe prinary wall means 
and communicating with prialary and main ple? 
nums whereby air flows from the main plenum 
through the primary plenum and then through 
the inlet opening about the nOZZle into the COm? 
bustion Zone secondary Wall raeans defining a 
scavenging air plenum about a portion of the 
combustion head adjacerat the inlet, passages in 
andextending through the secondary Wall meanS 
in direct communication with the main plenuna, 
a plurality of banks of SCavenging air portS 
arranged about the periphery of the Combustion 
zone a passage inthe Combustion headextending 
from each port throughthe Conabustion head Wall 
and terminating in an inlet port in direct com? 
munication with the Scavenging plenum the paS? 
Sages of each bank beingtangent to the periphery 
of the combustion Zone and a plurality of paS 
sages in and extending through the Combustion 
Head Wall adjacent the Outlet, each having an 
inlet in direct Communication with the main 
plenum, Said last mentioned paSSages extending 
ina directiontoward the Centrallongitudinalaxis 
of the combustion Zone for directing jets of air 
into and across the burning Stream of fuel Oil. 
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3 Apparatus for burning fuel oil comprising 

an elongated blast tube means including a com? 
bustion headextending across the tube to prevent 
the flow of air therebetween past the Combustion 
head which includes a wall defining an internal 
frustO-Conical Combustion Zone having an inlet 
Opening at the Smaller end and an outlet open 
ing at the larger end wall means in the tube 
defining With the Combustion head and the tube 
a main plenum on the upstream side of the com 
bustion head a fan for Supplying air to the main 
plenum an atomizing nozzle centrally located 
in the inlet Opening for Spraying a stream offuel 
into the Combustion Zone, primary wall means 
defining a primary air plenum at the upstream 
Side of the inlet opening?primary air passages 
in andextendingthrough the primary wallmeans 
and Communicating with primary and main ple 
nunaS Whereby air flows from the main plenum 
through the primary plenum and then through 
the inlet Opening about the nozzle into the Com 
bustion Zone secondary wall means defining a 
SCavenging air plenum about a portion of the 
Combustion head adjacent the inlet?passages in 
and extending through the Secondary wall means 
in direct Communication with the main plenum, 
a plurality of banks of Scavenging air ports 
arranged about the periphery of the combustion 
ZOne, a paSSage in the combustion head extending 
from each port throughthe Combustion headwall 
and terminating in an inlet port in direct com 
muniCation With the Scavenging plenum the paS 
Sages ofeach bank being tangent to the periphery 
Of the COmbustion Zone and a plurality of pas 
Sages in and extending through the Combustion 
head Wall adjacent the outlet, each having an 
inlet in direct communication with the main ple 
num Said last mentioned paSSages extending in 
a direction toWard the Central longitudinal axis 
Of the COmbustion Zone for directing jets of air 
into and across the burning stream of fuel oil, 
the total transverse Cross-Sectional area of the 
plurality Of paSSages extending through Combus 
tion head Walladjacent the outlet being greater 
than the total of the tranSverse croSS-Sectional 
area Of all of Said primary air paSSages through 
primary Wall means plus the transverse CrOSS 
Sectional area Of all of the paSSages extending 
throughthesecondary wallmeans. 

4. ApparatUIS for burning fuel oil Comprising 
an elongated blast tube, neans including a com 
bustion headextending across the tubeto prevent 
the flow of air therebetween past the combustion 
head Which includes a Wal1 defining an internal 
frusto-Conical combustion Zone having an inlet 
Opening at the Smaller end and an Outlet opening 
at the larger end Wail naeans in the tube defining 
with the combustion head and the tube a main 
plenum On the upStreana Side of the conabustion 
head a fan for Supplying air to the main plenum, 
an atomizing nozzle Centrally10Cated in the inlet 
Opening for Spraying a Streana Of füel into the 
Combustion Zone, primary Wal1 means definjng 
a primary air plenum at the upStreana side Of the 
inlet opening primary airpaSSagesin andextend 
ing through the primary wall means and Cona 
municating with primary and main plenums 
Whereby air flows from the main plenum through 
the primary plenum and then through the inlet 
Opening about the nozzle into the Combustion 
ZOne?the total tranSVerse CrOSS-Sectional area Of 
the primary air paSSages being less than the Open 
area of the inlet, Secondary Wall means defining 
a SCavenging air plenum about a portion of the 
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combustion head adjacent the inlet, passages in 
and extending through the secondary Wall means 
in direct Communication with the main plenum, 
a plurality of banks of scavenging air port8 
arranged about the periphery of the combustion 
zone, a passage in the combustion head extend? 
ing from each port through the combustion head 
wal1 and terminating in an inlet port in direct 
communication with the scavenging plenum the 
passages of each bank being tangent to the 
periphery of the Combustion Zone?the totaltrans? 
verse cross-sectional area of the air paSSages 
throughthe secondary wallmeans being leSSthan 
the total area of the passages extending through 
combustion head wall a plurality of paSSages 
extending through the combustion head Wall 
adjacent the outlet, each having an inlet in direct 
communication with the main plenum Said last 
mentioned passages extending in a direction 
toward the centra11ongitudinal axis of the Com? 
bustion zone for directing jets of air into and 
across the burning stream of fuel oil the total 
transverse cross-sectional area of the plurality 
of passages extending through combustion head 
wal1 adjacent the outlet being greater than the 
tota1 of the transverse cross-sectional area of 
all of said primary air paSSages through primary 
wal1 means plus the transverse cross-sectional 
area of al1 of the passages extending through 
the secondary Wall meanS. 
5.Apparatus for burning fuel oil comprising 

an elongated blast tube means including a Com? 
bustion headextendingacrossthetubeto prevent 
the flow of airtherebetween past the combustion 
lhead which includes a wall defining an internal 
frusto-conical combustion Zone having an inlet 
opening in the head at the Smaller end of the 
combustion zone and an outlet opening in the 
head at the 1arger end of the combustion Zone, 
wal1 means in the tube defining with the Com? 
bustion head and thetube a main plenum on the 
upstream side of the combustion head a fan for 
supplying airunder pressure to the main plenum, 
an atomizing nozzle centrally located in the inlet 
opening for spraying a Stream of fuel into the 
combustion Zone, primary wall means defining a 
primary air plenum at the upstream side of the 
inletopening,primaryairpassagesinandextend? 
ing through the primary Wall means and com? 
municating with the primary and main plenums 
whereby air flows from the main plenum through 
the primary plenum and then through the inlet 
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opening about the nozzle into the combustion 
Zone thetotal cross-sectionalarea ofthe primary 
air passages being Smaller than the croSS-Sec? 
tional area of the inlet Opening about the nozzle, 
Secondary Wal1 means defining a Secondary air 
plenum about a portion of the Combustion head 
adjaCent the inlet, paSSages in and extending 
through the Secondary wall means in direct Com 
munication with the main plenum a plurality of 
Secondary paSSages in the Combustion head 
extending through the combustion head Wall and 
terminating in an inlet port in direct communi 
cation with the Secondary plenum and in an 
outlet port in direct communication with the 
Combustion Zone Whereby air flows frona the main 
plenum into the secondary plenum and then 
through the secondary passages into the com? 
bustion ZOne, the total CrOSS-Sectional area of the 
passages through the Secondary Wal1 means being 
less than the total CrOSS-sectional area of the 
Secondary passages through the Combustion head 
Wall and a plurality of jet paSSages in the Com? 
bustion head Wall adjacent the Outlet, each of 
jet paSSages having an inlet in direct communi? 
Cation with the main plenum and an Outlet in 
direct communication with the Combustion Zone 
and extending in a direction to direct the jets of 
air into and across the combustion Zone, the total 
crOSS-sectional area of the jet paSSages being 
greater than the total cross-Sectional area of all 
the other air paSSages in the combustion head 
Whereby the major amount of air discharged 
into the combustion Zone is discharged through 
the jet passages. 

FRANK H. CORNELIUS. 
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