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This invention relates to a burner head of 
the type primarily consisting of a fuel nozzle 
from Which a conical Spray. of oil is adapted to 
be projected together With a conical Stream of 
air into the combustion chamber of a furnace. 
Burners of this type have been in Wide use for 
many years and many individual features of 
construction have been devised and tried for the 
purpose of obtaining improved resultS in the conn 
bustion of the fuel. In seeking to improve 
burners of this type, Severa objectives have 
usually been in view, Such as economy of opera 
tion by complete combustion of the fuel With 
out hoWever, introducing into the combustion 
chamber eXceSS air Which Would tend to reduce 
the temperature therein With a resultant OSS 
in operating efficiency. Another important ob 
jective, especially in domestic installations is a 
quiet flame Which is free from pulsations or Vi 
brations. Pulsating flames are not only objec 
tionable on account of the resultant noise but can 
often set up Vibrations in domestic furnaces 
Which may have damaging or destructive effects 
On the firebrick CO3UStio chamber or the 
furnace itSelf. M 

Heretofore, innovations in the structure or ad 
justment of burners has been more or less hit 
or-miss, the resultSbeing judged by Such criteria 
as the appearance of the fiame, the presence or 
absence of pulsations, the density of the Smoke 
produced, and the CO2 content of the combus 
tion gases, the percentage of CO2 being an in 
dication of the extent to Which the Oxygen in 
the air Supplied to the burle is combining With 
the fel in the combustion proceSS. AS far aS 
We are aware, there has been no attempt made, 
until recenty, to make a measured eXploration 
of the patterns of air Streams projected fron 
burners. By means of a Simple apparatus con 
sisting of a Small tube arranged to be mounted 
With an open end in front of a, burner and itS 
orifice toward the burner, and a manometer con 
nected to the other end of the tube, quantitative 
measurements have been made and charted, 
showing significant patterns of air floW in the 
Streams emitted by various burners and by a 
Single burner With various adjustmentS. Photo 
graphs of farnes in the fire-box show that the 
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pattern of a fame closely resembles that of 
the air stream Which is explored When no fuel 
is being Supplied. In making eXperiment:S to de 
termine the character of an air stream, the tube 
in the testing apparatus is mounted So that itS 
orifice can be swung around in a semicircle fron 
one side of the burner orifice to the other, read 
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ings of the manometer being taken for successive 
angular positions of the tube orifice With respect. 
to the axis of the burner. EXperimentS. shoW 
that there are two distinct types of air patteras. 
Which are hereinafter described in more detail 
and are referred to as the Sunflower type and 
the candle flame type, The type of pattern de 
sirable for any particular installation Will de 
pend largely on the characteristics of the furnace 
in Which the burner is installed and the kind 
of oiI to be burned. An object of the presenti 
invention is to provide a burner Which can easily 
be adjusted to give either type of air pattern 
So that it can be Satisfactorily installed in any 
kind of furnace, and can be adjusted to burn 
distiled fuel oil or the more recent “catalyticº 
fuel oils, or mixtures of the two in any propor 
tion. In the burner hereinafter described a San 
embodiment of the invention the main air 
Stream Within the burner floWS betWeen tWo co 
axial cylinders, the outer cylinder terminating. 
in a frusto-conical lip. Helical Vanes mounted 
in the Space between the cylinders give the col 
Uman of air a Whirling motion So that it energeS 
from the orifice in the form of a hollOW cone. 
The fuel nozzle is coaxial With the cylinders 
and is designed to emiti a holloW conical Spray 
of fuel. If no provision is made for an inner 
air stream the velocity of the mai air Stream 
and of the fuel spray sets up an area of loWered 
pressure behind the fuel nozzle which results in 
objectionable Sporadic flare-back.S. According to 
the present invention, the inner cylinder is pro 
Vided With a considerable number of perforations 
Which admit Sufficient air from the main stream 
to the Space around and behind the fuel noZ 
zle to relieve the loW pressure there. This air 
enterS the inner cylinder With noforWard velocity 
and its SUbsequent floW in the aXia directio is 
Imerely Sufficient to prevent the development of 
loW pressure behind the fuel nozze. This is not 
sufficient to modify the pattern of the main 
Stream aS it energeS from the orifice Of the 
burner. AS hereinafter explained, the burner 
thus far described is designed to produce the 
“SunfloWerº type of air stream pattern or flame 
in the firebox. This type of fiame is necessary 
for the successful use of Oil fuel Which is Wholly 
or predominantly of the “catalyticº type pro 
duced by the use of cracking processes Well known 
in the art. Et is also necessary for proper com 
bustion of catalytic oil that the emerging air 
stream have maximum Symmetry So that all por 

I tions of the fuel spray Will be uniformly supplied 
55 With air at the base of the fiane. Et haSbeen 
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found that even a Slight irregularity in the air 
pattern results in a corresponding local in 
adequacy of air supply in contact With the fuel 
sprayed from the nozzle. If at any Such point 
the droplets of fuel are heated above 650° F. 
Without being ignited, owing to insufficient ac 
cess of air, the oil in Such droplets Will coke in 
stead of burning and Will escape as Soot. EX 
ploration of the air pattern of a buriner reveals 
Such irregularities and indicates corrective 
measures necessary for a chieving a Symmetrical 
pattern. 

For many domestic installations the sunflower 
type of flame is objectionable as it is apt to be 
noisy and vibratory. Hence, provision is made 
for an adjustment of the burner to produce the 
quieter candle form of fiame. According to the 
invention this is done by the use of Symmetrically 
arranged apertures in the rear eind Wall of the 
inner cylinder With shutters to close them if de 
Sired. The Shutters When opened permit a sub 
stantial axial inner flow of air Which meets and 
modifies the main air stream and results in a. 
longer fiame Which is nearer to the aXis than the 
SunfloWer type. This is due to the fact that ai 
passing through apertures in the rear Wall of the 
inner cylinder is impelled by the static presSure 
of the air against the rea1' face of this Wall and 
isSues Within the inner cylinder as jets having 
a strong velocity in the axial direction With a 
resultanti modification of the patten of the main 
air stream. Here again it is important that the 
inner air stream be as regular and symmetrical 
aS possible So that the fuel spray Will be uni 
formy Supplied With air. 
adjusted, if desired, to produce intermediate 
shapes of flame between the extreme forms de 
scribed as may be found best suited to sonne par 
ticular furnaceS. 

For a more complete understanding of the in 
vention reference may be had to the following 
description thereof and to the draWing, of 
Which 

Figure 1 is a fragmentary side elevation of the 
burner head embodying the invention, a parti : 
being broken away to shoW in section; 

Figure 2 is a section on the line 2-2 of Fig 
ure 1; 

Figure 3 is a section on the line 3-3 of Fig 
ure 1, shoWing the air control shutter partly 5 
clOSed; and 

Figure 4 is a diagram indicating air patterns 
resulting from different Settings of the shutter. 
The burner head includes a Cylindricai casing 

member lº having a frusto-conical lip 2 termi 
nating in the discharge orifice i fi. In the burn 
er illustrated in Figure 1 the casing ) is shown 
as installed Withina larger cylindrical casing i6, 
thus indicating that the burner head can be 
mounted Within the housing of a previously in 
stalled unit. In Such cases, if the casing ( is 
Smaller than the interior diameter of the origi 
nal casing 6, an adapter sleeve 18 may be fitted 
Within the Outer casing 6 to fill the clearance 
between the outer casing 6 and the burner cas 
ing i9. Furthermore, the Space between the 
forWard end portion of the outer casing i? and 
the lip i 2 may be filled with cement 26, if de 
Sired. It is to be understood that the Inested cas 
ings i 6 and i 6 are virtually a single casing with a 
frusto-conical terminal lip and are hereinafter 
referred to collectivey as the Outer casing or 
Outer Cylinder. 
A fuel Supply pipe 22 is mounted Within the 

casing È 6 and is coaxial therewith, a fuel nozzle 

The Shutter can be i 
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24 With the customary nozzle adapter 25 being 
mounted on the discharge end of this pipe. AS 
indicated, this pipe may be bent so as to eXtend 
out through a slot 26 in the Wall of the Casing 
i 6. Suitable nutS 28 and 30 may be threaded on 
the portion of the pipe projecting through the 
slot 26, these nutS being tightened to Secure the 
supply pipe and its nozzle in any position of co 
axial adjustment. 
An inner cylinder 32 is supported Within the 

casing O coaxially therewith. This cylinder is 
entirely Open at its forWard end With no lip or 
constriction, but is provided with a Wall or plate 
3, at its rear end. The Wall is supported by a 
transverse frame member 36 having a collar 33 
integral therewith, the fuel pipe 22 fitting in a. 
bore through the frame 36 and collar 38. The 
inner cylinder 32 is thus conveniently Supported 
on the fuel pipe 22 and is adjustaple aXially 
thereon. A Set ScreW 4 ServeS to Secure the inner 
cylinder in any adjusted position on the fuel pipe 
22. The length of the sleeve 38 is carefuliy de 
termined So that When its forWard end face is 
engaged by the rearend of the noZZle adapter 23, 
then the nozze 2 Will be prOperly tocated With 
reSpect to the forWard end of the in le cylinder 
32. ThuS the forWard face of the collar 38 acts 
as a gauge or Stop for the noZZle adapter When 
ever the noZZle With its adapter is removed and 
replaced. 
The cylindrical Wall of the cylinder 32 is pref 

erably perforated as indicated at 2, a large num 
ber of relatively Small perforations being indi 
Cated in Figure 1. These permit the infiltration 
of air Without initial axial Velocity into the inner 
Cylinderto prevent, the building up of low pressure 
Within this cylinder. 
The rear Wall 34 is provided With a series of 

relatively large apertures fi, these apertures pref 
erably being in the form of narroW Sectors syn 
metrically arranged around the axis of the Cyl 
inder aS indicated in Figure 2. A Shutter 33 in the 
form of a disk is fitted against the rear face of 
the Wall 34 and is rotatable through a Sufficient 
angle to Open or tightly close the apertures 33, 
the shutter disk 46 having similar apertures ar 
ranged to register Simultaneously With all the 
apertures 44 When the Shutter is noved to the 
Opened position. The shutter is movable to a 
closed position in Which it, closes all of the aper 
tures 4 and thus completely shuts off any fioW of 
air through the rear Wall 34. A set ScreW 3 ex 
tends through an arcuate slot 53 in the shutter 
disk 6 and is threaded into the Wall 33. When 
this screw is set up, it secures the shutter in 
any position of adjustment. 

gnition means for the burner includeS elec 
trodes in the form of a, pair of in Sulated rods o 
heavy Wires 52 Which have bare end portions 54 
the tips of Which are Suitably Spaced to provide 
a Spark gap near the Orifice of the fuel nozzle 24. 
For minimum interference With the uniforim diS 
tribution of the air stream Withiin the inner cyl 
inder when the apertures 44 are open, the elec 
trodes 32 are arranged Symmetrically With 1'e- 
Spect to the axis of the inner cylinder 32 and fuel 
pipe 22, that is, they pass through the rear wall 
34 and frame 3è at points equally and oppositely 
Spaced from the axis of the fue pipe, as indicated 
in Figures 2 and 3. The electrodes are also pref 
erably as Small as is consistent With the functions 
they must perform. 
The casing i0 carries On itS inner Surface a 

series of helical Vanes 60 Which cause the main 
ai stream floWing in the Space between the cas 
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ing and the inner cylinder 32 to form a conical 
pattern as it emerges from the orifice 4. The 
diameter of the inner cylinder 32 is preferably 
equal to or greater than the orifice 4. Ey axi 
ally adjusting the position of the inner cylinder 
32, the clearance between its forward end and 
the inner surface of the lip 2 can be varied so 
asto choke the main stream of air if desired. 
When a conical Stream of air floWS from the 

orifice il the Shutter 46 being closed, the forward 
and outWard velocity of the air tends to lower 
the air pressure within the cone, this area of low 
ered pressure being inear the orifice 4 and being 
distinct from the loW pressure area Which is 
formedback of the fuel nozzle UnleSS relieved by 
some means such as the perforations 42. 
The Small amount of ai Which enterS the inner 

cylinder through the perforations 2 to prevent 
back flash of the fiame Within the inner cylinder 
is insufficient in amount to affect the pattern of 
the main air stream. The resulting fiame is of 
a frusto-conical Shape and is herein refered to 
aS the “SunfloWer''' type of fame. A fame Cf this 
type, especially When Symmetrical in shape and 
free from irregularities, indicates a relatively 
high efficiency of combustion and in general is 
neceSSary for the proper combustion of fuel Oils 
Which are largely or Wholly of the catalytic type. 
The “Sunflowerº type of fiame is usually some 
What noisy and therefore objectionable in Some 
domestic installations Where a quiet flane is 
highly desirable. By adjusting the ShUtter disk 
46 to open the apertures 44 partly or fully, the 
nature of the fiame can be radically changed, the 
l'esultant flame being longer and narrower So as 
to resemble more nearly a candle flame. Such 
a fiame is relatively quiet and may be nearly as 
efficient as the “sunflowerº type but usually can 
not be employed for fuel oils containing a high 
percentage of catalytic Oil. The elongated fiame 
L'aSultS from the fact that the Iain air Stream is 
modified by the inner air stream Which enters 
the rear end of the inner cylinder 32 With con 
siderable axial velocity and emerges from the 
open forward end of the inner cylinder to mix 
With the main air stream, there being no trans 
verse obstructions in the inner cylinder forward 
of the frame 36. If the apertures 44 are fully 
cpened the inner air stream is of considerable 
volume as Well as velocity and materially alters 
tine Shape of the fiane. in extreme cases When 
an extra large fioWis deSired in the iner Stream, 
the Shutter 43 and plate 34 can be removed, leav 
ig the rear end of the inner cylinder fully open. 
The air patterns for the Open and coSed posi 

tions of the shutter 43 are indicated on the chart 
shown in Figure 4. This chart Was prepared by 
actual eXperiment, the dot and dasha lines 2 
representing the air pressures registered at the 
orifice of the testing apparatus When the burner 
Wa3 operated Without fuel and With the apertures 

: fuity cosed. The Solid line curve 6 represents 
the air pressures ai various angles in the Stream 
emerging from the orifice i 4 When the apertures 
Were fully open. Readings Were taken on a 
manometer connected to a Small tube Which WaS 
mounted on a bracket in Such a Way that itS 
orifice Would face the discharge , the orifice 
of the tube being Spaced a Short distance avva.y 
from the orifice i , the bracket supporting the 
tube permitting the adjustinent of the tube to 
positions of any angularity from directly in line 
With the axis to positions 90° away on either Side. 
The resulting curves illustrated by tiae dot ad 
dash lines 62 in Figure 4 indicate that When the 
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6 
apertures 44 are fully closed, the main stream of 
air emerges in a sharply defined hollow cone. 
The graph shown is not complete since the pres 
sures indicated at and nearthe axis Were actually 
negative, that is, below atmospheric pressure. 
Hence, Such points on the graph Would be off the 
chart. 
When the apertures 44 are Wide open, the re 

sultant air stream emerging from the orifice 4 
has maximum pressure near the axis and quickly 
fals off to a negligible pressure from 10° to 25° 
fi'On the a XiS. 
The shutter disk thus permits adjustment of 

the flame to the “SunfloWerº type or the “candle 
fiameº type orto any intermediate shape between 
these two extremes as may be required for any 
particular installation. The relative Volumes of 
floW of the main and inner air streams can fur 
ther be regulated by coaxial adjustment of the 
inner cylinder 32 toward or from the lip 2. 
Since the diameter of the inner cylinder is pref 
erably at least equal to or somewhat greater 
than the diameter of the orifice i , it is evident 
that adjustment of the inner cylinder forWard to 
a position in which its forward end is close to the 
lip i 4 could result in choking the main air 
Stream to Such an extent that itS fiOW may be 
negligible in comparison With that of the inner 
air stream. Thus a Wide variation of air Streams 
can be had by adjusting the inner cylinder and 
the shutter disk. 

It is highly important that, Whatever positions 
of adjustiment the inner cylinder and shutter 
disc may have, turbulence Within the burner 
head bekept at a minimum so as to avoid asfar 
as possible irregularity and noise in the air 
Stream and fiame Within the firebOX. For this 
reaSCIn the apertures 44 are evenly and Symmetri 
cally distributed over the rear wall of the inner 
Cylinder and the perforations 2 are evenly dis 
tributed over the cylindrical Wall of the inner 
cylinder. Furthermore, the electrodes 52 are for 
the same purpose Symmetrically arranged as 
hereinbefore described. 
VVe clair: 
1. A burner head for liquid fuel comprising: a 

cylindrical casing; an inner cylinder coaxial 
Within said casing and defining thereWith an 
annular air passage; a frusto-conical lip at the 
discharge end of said casing; aXially and circum 
ferentially overlapping helical Vanes in Said pas 
Sage contacting the inner Surface of said casing 
and the outer Surface of Said cylinder; transverse 
neans acroSS the rear end Of Said Cylin der and 

having a plurality of aperture means therein 
eXtending Substantially acroSS the Same for axial 
flow of air therethrough; laterally adiustable 
shutter means controlling Said aperture means 
and Operable to completely Shut Off the aXia floW 
of air into Said Cylinder through Said transverse 
means; a fuel Supply pipe eXtending through Said 
transverse neans and coaXial With Said casing; 
and an atomizing fuel nozzle mounted on said 
pipe coaxially Within said cylinder adiacent the 
forward end thereof. 

2. The Structure defined in clain 1 in Which 
the inner cylinder has a plurality of Small perfo 
rations therein for passage of air therethrough 
into said cylinder to avoid low pressure therein 
rearWardly Of the nozzle orifice When the aper 
ture means are closed by the shutter means. 

3. The structure defined in claim 2 in which 
the aperture means are arranged Symmetrically 
about the axis of the inner cylinder. 

4. The structure defined in claim. 2 in Which 
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the diameter of the inner cylinder is at least as 
large as that of the minor diameter of the lip. 

5. The structure defined in claim. 2 in Which 
the lip is Smooth-walled. 

6. The structure defined in claim 2 in which 
the vanes are disposed entirely rearward of the 
lip. 

7. The structure defined in claim. 2 in Which 
the inner cylinder is of uniform diameter 
throughout its entire length. 10 
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