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Application August 12, 1949, Serial No. 109,983 

(CI, 158-76) 14 Claims. 
1. 

This invention relates to mixing valves and par 
ticularly to burners in Which the components of 
a combustible mixture, for example air and oil, 
E. intinately mixed for discharge into a burner 
ille, 
In the conventional types of burners, the inner 

or Outer air nozzle is moved to vary the amount 
of secondary air with the disadvantages that the 
shape of the burner flame is undesirably changed, 
that the control of the Secondary air is inac 
curate and that the efficiency of the induction of 
anbient air through the burner tile opening is 
impaired. 

In accordance with one aspect of the present 
invention, the spacing of the discharge tips of 
the nozzles with respect to each other and to the 
burner tile opening remains fixed and the amount 
of secondary air is adjusted by varying the area 
of the discharge orifice of the outer nozzle: Spe 
cifically, this change in area is effected by ad 
justinent of a sleeve along the inner nozzle to 
Ward and from the discharge end of the outer 
nozzle. With such arrangement, the secondary 
air may be accurately varied over a wide range 
with but insubstantial effect upon the shape of 
the fiane or upon the air induction efficiency of 
the nozzle-tile combination. More specifical 
ly, the inner air nozzle is rotatable and is so 
coupied to the slidable sleeve that there is pro 
vided a linear relationship between the angu 
lar positions of the inner nozzle and the amount 
of air discharged by the outer nozzle per unit of 
tire at a given pieSSure. 

In accordance with another aspect of the in 
vention the Supply of liquid to a fuel nozzle with 
in the inner air nozzle is controlled by rotatable 
valve member having a peripheral groove of 
rectangular cross section and of progressively in 
creasing depth to provide a linear relationship 
between the angular position of the fuel valve 
mather and the amount of liquid discharged 
frora the fuel nozzle per unit of time at a given 
pressure. 

Further in accordance with the invention, the 
relationship between the linear and angular 
velocities of prinary air moving helically within 
the inner air nozzle toward the discharge tip of 
the fuel 2023ie inay be varied to change the angle 
of the cone of the fuel-air mixture discharged 
frc; the bliner. 
The invention further resides in features of 

construction, coribination and arrangeinent 
hereinafter described and clained. . . . . . . 

For a Ynore detailed understanding. Of the in 
vention and for illustration of a preferred en 
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bodiment thereof reference is made to the ac 
companying drawings in which: 

Fig. 1 is a sectional view, in side elevation, 
of a burner mounted for use; 

Fig. 2 is a front elevational view, on reduced 
scale, of the burner-tile arrangement shown 
in Fig. 1; 

Fig. 3 is a perspective view, on enlarged scale 
and in part broken away, of a nozzle-sleeve 
shown in Fig. 1; 

Fig. 4 is a plan view of parts appearing in 
Figs. 1 and 2; 

Fig. 5 is a front elevation view of a valve hous 
ing shown in FigS. 1, 2 and 4; 

Fig. 6 is a cross-sectional view, on enlal'ged 
scale, of a fuel-control valve shown in Fig. t; 

Fig. 7 is an exploded view, in perspective, of 
the actuating arms and interconnecting link 
age for air and fuel control members shown in 
Fig. 1; 

Fig. 8 is a detail view, in section, of an ad 
justable fulcrum device shown in FigS. 1, 2 and 7; 

Figs. 9, 10 and 11 are the explanatory figures 
referred to in discussion of adjustment of link 
mechanism shown in Figs. 1, 2 and 7; and 

Fig. 12 is a perspective view, partly in Sec 
tion, of a preferred form of fuel-nozzle tip. 

Referring to Figs. 1 and 2, the burner assembly 
f G is shown attached to the front face of a 
burner-tile plate , as by bolts 12. The burner 
tile 3, of suitable refractory material, extends 
from the rear face of tile plate and has an 
opening 4 diverging from the tile plate to 
form an ignition or combustion chamber. 
The housing member 5 of burner 0 is pro 

vided with a main chamber 6 which receives 
air at constant pressure from an air supply line 

and is also provided with an auxiliary air 
chamber 8 in part defined by the front wall 9 
of housing 5 and by an internal wall 20. The 
inner air nozzie 2 is rotatably received by aligned 
openings in the walls 9 and 20 of housing 5 and 
extends through the main air chamber 6 with 
its discharge tip 22 Within the Outer air nozzle 
23. . - 
The Outer air nozzle 23 extends from the rear 

wall 25 of housing 5 and is attached thereto as 
by bolts 24. The housing member 5 is mounted 
upon the front end of a conical bracket or house 
ing 25 attached to the front face of the tile plate 

. As the Outer nozzle 23 is attached to the 
burner housing 5 which in turn is attached by 
bracket, 26 to the tile plate f, the spacing be 
tWeen the tip of the outer air nozzle and the 
throat of tile opening 4 is fixed or invariable. 
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The distance from the discharge end of the in 
nel nozzle to the discharge end of the outer noz 
zle and to the throat of the tile opening is also 
invariable: specifically, collar 2 secured to the 
inner nozzle 2 bears against the outer face of 
the front wall 9 of the valve housing 5 and a 
shoulder of the inner nozzle bears against the 
rear face of the internal wall 20 thus to preclude 
any axial or longitudinal movement of inner noz 
zle 2. 
The forward part of the inner nozzle 2 passes 

through a Spider bearing member 28 within the 
Outer air nozzle 23 at Suitable distance from the 
discharge tip 39 thereof. Air from the main 
chamber S flows through the passages 29 pro 
vided in the Spider 28 to the space between the 
discharge tips 22 and 30 of the inner and outer 
air nozzles. The effective cross Sectional area of 
the discharge orifice at the end of the air pas 
Sage between the tips is variable by a sleeve 3 
(FigS. 1 and 3) slidable along the inner nozzle 
2i and within the spider bearing 28. As shown 
more clearly in Fig. 3 the sleeve 3 is provided 
With a longitudinally extending slot 32 which re 
ceives a pin 33 (Fig. 1) extending from the inner 
nozzle 2. The sleeve 3 is also provided with 
an angularly extending slot 36, Fig. 3, which re 
ceives pin 35 (Fig. 1) projecting from the spider 
28 and retained therein by a plug 36 or equiva 
lent. 
Thus as the inner nozzle 2 is rotated in one 

direction or the other, the sleeve 3 is moved 
axially along the nozzle 2 to vary the width of 
the annular air passage terminating at the afore 
Said discharge orifice formed by the stationary 
tips 22, 30 of the inner and outer nozzles. The 
angle of the slot 34 is so chosen, in the particular 
valve illustrated, that 90° rotation of the inner 
nozzle 2 corresponds with full travel of the 
sleeve 3. Furthermore with the arrangement 
shown, the relationship between the angular po 
Sition of air nozzle 2 and the amount of air dis 
charged by the outer air nozzle is substantially 
linear. As previously stated, the air in chamber 
f6 is at constant pressure and the pressure drop 
across the discharge orifice for the secondary 
air is substantially constant and low through 
out the entire range of adjustments of sleeve 3: 
otherwise stated, throughout the range of burner 
adjustment the fuel-air pressure is maintained 
at the tip of the burner for efficient atomization 
of the fuel oil. Preferably, the forward end of 
sleeve 3 is provided with a peripheral series of 
Small ports 37, Fig. 3, which preserve this 
linearity at low through-puts of air and insure 
intimate mixture of the secondary air with the 
fuel-air mixture issuing from the discharge tip 
22 of the inner air nozzle. At very low burner 
Settings, the air through ports 37 is more effec 
tive to prevent undue spread of the flame than 
the air passed by the narrow orifice between the 
end of the sleeve and tip 39. 
As the aforesaid adjustment of secondary air 

is obtained without changing the positions of 
tips 22 and 30 of the air nozzles with respect to 
the throat of the tile opening 14, the eficiency 
of the induction of atmospheric air by the jet 
action of the burner discharge is not impaired by 
control of the secondary air to obtain different 
COInbustion rates. 
To permit adjustment of sleeve 3 f to its various 

positions, there is provided an air control lever 
38 (Figs. 1, 2 and 7) having a hub 39 (Fig. 1) 
which receives the external end of inner nozzle 
2 and is attached thereto as by set screw 40. 
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4. 
The index member 4 attached to or integral with 
arm 38 cooperates with an 'Air' scale 42 (Figs. 
1, 2, 5) attached to the front face 9 of the valve 
housing 5. The Scale 42 is linear and may be 
calibrated in arbitrary numerical units or may, 
for a particular installation using a predeter 
mined fixed air pressure, be calibrated in units 
of Weight of air per minute, the burner shown 
being of low pressure type using for example a, 
Supply Source pressure of from 8 ounces to 32 
ounces for atomizing. 
Within and intermediate the ends of the inner 

air nozzle 2, there is provided a ported bearing 
Or Spider 43 (Fig. 1) which supports a fuel noz 
zle 44 having its discharge end or tip 45 within 
the dischargetip 22 of the inner air nozzle for 
atomization of the oil by the primary air. The 
Opposite end of the fuel nozzle 44 is attached to 
and received by a stationary member 46 which 
is part of the fuel valve housing later described. 
The inner air nozzle 2, intermediate the spider 
43 and discharge tip 22, is provided with tangen 
tial ports 4 for admission of primary air from 
the main air chamber 6. The air passing 
through these ports advances axially of the inner 
air nozzle in a helical path for intimate admix 
ture with Or atomization of the liquid fuel issuing 
as Spray from the discharge tip of the fuel noz 
zle. The preferred form of fuel nozzle tip is 
shown in detail in Fig. 12 and is later herein 
Specifically described. Because of the aforesaid 
rotation of the primary air, the fuel-air mixture 
discharged from the burner is in the for in of a 
cone, the pitch of the cone depending upon the 
relation between the linear and angular veloci 
ties of the primary air within the inner air noz 
zle. To control the angle of this cone, and there 
fore to control the length and shape of the burner 
fame, there is provided an arrangement for con 
trolling additional primary air flowing longitudi 
nally within the inner air nozzle through the 
ports 48 of the bearing spider 43. As the posi 
tions of the fuel nozzle and air nozzles remain 
fixed with respect to each other for all settings 
of the burner, the shape of the flame as effected 
by adjustment of valve 50 is not appreciably af 
fected by the changing of the secondary air ad 
justment. 

Specifically, and in the particular arrange 
ment shown, the inner nozzle 2 is provided with 
a second, circular series of ports 69 (Fig. 1) 
which provide for communication with the aux 
iliary air chamber 8. With valve 59 (Fig. 1) 
closed, there is no passage of air from the main 
chamber 6 through the auxiliary chamber 8 to 
the inner air nozzle and consequently the ratio 
of angular to linear velocity of the primary air 
is high resulting in a flame which is short and 
broad. As valve 50 is progressively opened, more 
and more air passes through the auxiliary cham 
ber 8 and ports 49 to increase the amount of 
air moving linearly or longitudinally of the noz 
zle through portS 48; consequently the pitch of 
the primary air spiral is increased with conse 
quent lengthening and narrowing of the flame. 
(For purposes of illustration, the control knob 
of valve 50 is shown in Fig. 1 as displaced 90° 
from the preferred actual position shown in Fig. 
2.) 
The valve for controlling admission of fuel to 

nozzle 44 includes a housing member 52 having 
a conical chamber 53 (Fig. 1) in communication 
through inlet port 54 with the fuel line 55 which 
Supplies the liquid fuel at constant pressure to 
the burner. The recess 53 receives a conical valve 
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member 56 having a peripheral groove 57 of rec 
tangular cross-section which, as shown in Fig. 
6, progressively increases in depth from the pe 
riphery of member 56 and terminates in a radial 
passage 58 of substantially larger croSS-Sectional 
area. The passage 58 extends to the bore 59 of 
the valve member and so provides for passage 
of fluid from the supply line 55 to the axial bore 
of the fuel nozzle 44 in amount dependent upon 
the angular setting of valve member 56. For 
reasons which later appear, the arcuate length 
of groove 57 is substantially in excess of 90° and 
in initial machining of valve member 56 may ap 
proximate 180°. 
As the passage 5 is of rectangular cross sec 

tion, the relationship between the angular posi 
tion of valve member 56 and the amount of liq 
uid passed by the valve is linear. A further ad 
vantage of the rectangular, peripheral groove is 
that this linear relationship is true of valve mem 
berS SO constructed even though in inachining 
or honing of them to final dimensions there are 
inevitable slight differences in the arcuate length 
of rectangular groove 5. Also to accommodate 
slight inevitable differences in machining of the 
valves and seats, the width of port 54 axially 
of member 56 is made somewhat greater than the 
width of groove 57. Furthermore, as shown 
in Fig. 1, the valve member 56 is free or floating 
to insure it is always properly seated. 
cally, valve member 56 is biased into seating 
engagement by spring 60 and is connected to the 
valve stem 6 through a floating coupling 62 
which insures angular correspondence between 
the positions of valve stem and waive member 
while permitting relative axial movement. The 
floating coupling member 62 (Figs. 1 and ) may 
be of a type having a ridge 63 received by a groove 
in the forward face of valve 55 and having a 
groove 64 in its opposite face to receive the pro 
jecting end of a coupling member attached to 
or formed at the rear end of the valve stein 6. 
To the forward end of stem 6 which projectS 
through the boss G5 of valve housing 52 is at 
tached, as by set screw 67, a pointer or index 68. 
The “Fuel' scale 68 for cooperating with index 
66 may be attached to or inscribed upon the 
front wall of the valve housing 52. The arm 69 
for actuating the valve member 56 may be Se 
curely fastened as by a set-screw 6: a to the valve 
stem 6 or to the hub of the index member 66. 
As thus far described, the sleeve 3 may be ad 

justed by arm 38 to effect linear control of the 
area, of the air orifice and the arrin 69 may be ac 
tuated to effect linear control of the area of the 
fuel orifice. There is now described a propor 
tioning coupling or linkage which provides for 
concurrent actuation of these two arms with 
proper proportionality of their individual ad 
justments as required to maintain a fuel-air ra 
tio corresponding with a neutral, a reducing OF 
an oxidizing flame: such proportioning linkage is 
not herein claimed, but is claimed in Copend 
ing application Serial No. 269,739, filed February 
4, 1952. As best shown in Figs. 1 and 7, the two 
arms 38 and 69 for respectively adjusting the air 
and fuel are coupled by a link which, in the 
preferred arrangement shown, is pivotally Con 
nected to arm 38 by a pin which extends 
through the boss 72 of arm 38. A similar pivot 
pin T4 which extends through boss 75 of arm 
69 is slidably received by a slot at the oppo 
site end of link TO. The link 70 is also provided 
with a central slot 78 extending longitudinally 
thereof to receive a fulcrum device 19 adjust 
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6 f 
able to vary the ratio between concurrent move 
ments of arms 38 and 69. The fixed bracket 
member 80 (Figs. 1, 4 and 7) to which the full 
crum is adjustably secured is attached by screws 
8f (Fig. 2) to the housing member 52 and this 
Sub-assembly is in turn secured, as by screws 82, 
to the main housing member 5 of the burner. 
The projections 83 (Figs. 4 and 5) extending 
from the front wall 9 of housing 5 are stepped 
to center the elements 4 and 52 of the fuel wave 
housing with respect to the common axis of ro 
tation of the fuel valve and the inner air nozzle. 
As most clearly shown in Figs. 7 and 8 the full 

crum device 79 for link 70 comprises a special bolt 
84 and nut 85. The shank of the bolt 84 is slid 
ably received by the slot 97 in the stationary 
bracket 8 and the shank portion of nut 85 is 
Snugly slidably received by central slot 78 of the 
link it. The length of the shank of nut S5 is 
Somewhat greater than the thickness of link TO 
So that when nut 85 is tightened the nut and 
bolt assembly is firmly clamped to the bracket 
89 with the link 70 free to pivot about the full 
C. 
ASSunning the fulcrum is secured to bracket 

80 in position “A,” Fig. 9, in alignment with the 
axis of rotation of arms 38 and 69, the ratio be 
tween the angular movements of the fuel and air 
controls is 1 to i. More specifically, as the air 
control arm 38 is noved from "Low' to “High' 
the pivot pin 7 moves from right to left through 
an angle of 90° and pivot pin 74 of the fuel-con 
trol arm 69 is moved from left to right through 
an angle of 90 from position "Low A' to posi 
tion "High A'. Assuming that for any of vari 
ous reasons, including those later discussed, it 
is desired to obtain a higher or lower ratio, it is 
Only necessary to loosen nut 85 of the fulcrum, 
Shift it to the new position and then tighten 
it. Assuming, for example, the fulcrum 9 is 
moved to position 78B, Fig. 9, movement of air 
lever 38 through an angle of 90° from "Low' to 
"High' effects adjustment of the fuel valve 5S 
through an angle of only 45° from the position 
“Low B' to "High B.' Thus for each one degree 
movement of the fuel-control arm 69 there is a 
two degree movement of the air-control arm 38. 
Conversely, if it is desired to increase the fuel 
air ratio, the fulcrum is is moved to the other 
side of the axis of rotation of the arms 33 and 
69 to, for example, the position 79C for which 
the adjustment of the air-control lever from 
“Low' to “High' through an angle of 90° effects 
adjustment of the fuel valve member 56, over a 
substantially larger angle, for example 120. For 
this fulcrum setting, for each 1 movement of the 
air-control arm 33 there is a 1% movement of 
the fuel control arm 63 as indicated by the posi 
tion a “Low C' and iii. “High C'. 

Referring to Fig. 10 by way of supplemental 
explanation, the relationship between the 
amount of secondary air and the position of 
the air-control arrin 38, for any given fixed sup 
ply pressure, is represented by straight line S. 
It will also be assumed, for a particular fuel the 
fuel valve should be concurrently adjusted over 
a range 'R' of 90°. In such event, the fulcrum 
pin 79 is secured to the bracket 86 in alignment 
with the common axes of rotation of the inner 
air nozzle 2 and the fuel valve 56. With the 
fulcrum so adjusted, 8, 1 movement of the air 
control lever 33 corresponds with a 1 movement 
of the fuel-control lever 69; this relationship 
exists throughout the entire range of adjustinent 
of the control lever attached to arm 38. 
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If a fuel having less B. t. u.'s per unit volume is 
used, the proper relation between the range of 
adjustment R.' of the fuel valve and the amount 
of fuel passed by it may correspond with curve 
B (Fig. 10) : It is apparent that a much wider 
range of adjustment of the fuel valve is required 
for the same range of adjustment of the air valve. 
In such case, the fulcrum 79 is moved below the 
axis of rotation of the arms (Fig. 9) to position 
79C affording the increased range of adjustment 
of the fuel valve and maintaining the proper 
ratio between the concurrent adjustments of 
the fuel and air levers. Conversely, if a richer 
fuel is used the range of adjustment R2 (Fig. 
10) of the fuel valve is contracted by shifting 
the fulcrum point of lever 70 to a position above 
the axis of rotation of the arms 38 and 69. 
When both the link and the bracket 80 

are slotted, the range of adjustment of fulcrum 
9 is continuous and not limited to the three 

Settings specifically illustrated and discussed by 
Way of example. 
The position of fulcrum 79 may be shifted to 

adapt a given valve installation for use With 
different air source pressures. 
ample, that the air pressure is such that the sec 
Ondary air varies with change in position of arm 
38 as indicated as curve S1 of Fig. 11, and that 
complete combustion is obtained from minimum 
to maximum burner Settings when the fuel valve 
is adjusted through an angle of 90° through a 
range R3. If now the air pressure is increased 
so that the secondary air curve becomes S2, the 
fulcrum point 79 should be relocated to effect 
adjustment of the fuel valve Over the extended 
range R4, of say, about 120° for 90° movement of 
the air-control arm 38. 
Thus the provision of the adjustable fulcrum 

permits a valve of given size and construction 
to be used with different fuels, with different 
available air supplies and to obtain a flame 
which to any desired extent is oxidizing, reduc 
ing or neutral. This feature is also of advantage 
when several ganged valves of a furnace require 
different proportional movements of the air and 
oil control elements to obtain flames of similar 
characteristic (neutral, reducing or oxidizing). 
For all of fuel ranges obtainable by shifting of 
fulcrum 79, the mid-range setting of fuel arm 
69 is the same. To change the setting of the 
valve 56 which corresponds with the mid-setting 
of arm 69, the set-screw 5, Fig. 7, is loosened, 
pointer 66 attached to the valve stem is moved 
to the new position and the set-Screw 5 re 
tightened. 
The fuel nozzle 44 (Fig. 12), instead of having 

the usual tip with a plurality of tiny orifices 
which readily clog has an annular discharge ori 
fice between a spring-biased valve 8 and its seat 
formed by the end of the nozzle tip of sleeve 86. 
The stem of the valve 8 passes through a Spider 
bearing 88 within the sleeve 86 and, beyond the 
bearing, extends through the biasing Spring 89 
which is compressed between the bearing 88 and 
the retaining nut 90 on the valve stem. Prefer 
ably, the valve stem is centered within the sleeve 
26 by the slidable Spider 9. In normal opera 
tion of the burner, the liquid passed by the con 
trol valve groove 5 issues as a fine cone of Spray 
about the tip of the valve 8 which yields to the 
pressure of the liquid. Within the nozzle and 
maintains a constant pressure drop across the 
fuel valve measuring orifice 5; such configurate 
tion of the discharge is maintained even at low 
valve settings so affording effective atomization. 

Assume for ex 
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the oil drips out of the lowermost orifices. 

8 
This is in contrast with the operation of tips hav 
ing tiny fixed orifices: at low pressures, most of 

The 
improved type of tip has the further advan 
tage that the fuel line may be cleared of Sludge 
Without removal of the fuel valve or the nozzle 
from the burner; to clear the fuel line the fuel 
valve 56 is turned to bring the large radial pas 
Sage 58 into alignment with the correspondingly 
large inlet port 54. Any sludge or solid matter 
in the line passes freely through the valve into 
the fuel nozzle where however instead of clog 
ging the ports as heretofore, it forces the valve 87 
to yield to Substantially greater extent than nor 
mally, the resulting wide annular orifices freely 
passing the extraneous undesired accumulation 
of sludge, dirt or other foreign matter. 
The gas burner ring 92 (Fig. 1), attached to 

the tile plate f l need not be used when the fur 
nace is fired exclusively from the burner (); if 
provided for alternative use of gas or liquid fuel 
it serves as the throat of the tile opening when 
the furnace is oil fired. . As indicated, the space 
between the discharge tip of the Outer nozzle and 
ring 92 defines an orifice through which atmos 
pheric air is drawn by jet action of the dis 
charge from the burner nozzle through the ring 
S2. As previously herein stated, with the burner 
arrangement shown the secondary air adjust 
ment is effected without disturbance of the shape 
Or dimensions of the orifice through which at 
InoSpheric air is induced into the burner tile. 
The amount of air induced may be controlled to 
Suit various Sub-atmospheric furnace pressures 
by varying the alignment between the arcuate 
slots 95 in the damper-disc 94 and the arcuate 
slots 95 in the burner bracket support 26. 

It shall be understood that all features of the 
invention, though jointly and individually of 
particular advantage in burner construction, are 
not limited thereto: for example, the link al 
rangement between the fuel and air control arms 
may to advantage be used in other types of mix 
ing valves or proportioning devices and the fuel 
valve with its peripheral rectangular groove may 
be used for accurate linear regulation of the 
flow of liquids other than fuel oil. 
What is claimed is: 
1. A burner comprising inner and Outer air 

nozzles concentrically disposed and having con 
verging tips at their discharge ends which de 
fine a secondary air passage converging to an 
annular orifice whose position is the same for all 
Settings of the burner, said nozzles being fixed 
in regard to relative linear movement, a fuel 
nozzle Within Said inner air nozzle with its dis 
charge end at the same fixed distance from the 
discharge end of each of said air nozzles for all 
burner Settings, said inner air nozzle discharg 
ing an atomized mixture of fuel and primary 
air through an orifice in substantially the sane 
plane as said annular orifice, and a sleeve slidable 
on Said inner air nozzle toward and from the dis 
charge end of the outer nozzle to vary the ef 
fective cross-sectional area of Said passage so to 
vary the secondary air discharged through said 
annular orifice for fixed positional relation of 
Said fuel nozzle to both of said orifices to mini 
nize change in shape of the fame as the second 
alry air is varied. 

2. A burner comprising an outer air nozzle, 
an inner air nozzle rotatably mounted within 
said outer air nozzle, said nozzles having con 
Verging tips at their discharge ends which de 
fine a secondary air passage converging to an 
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annular orifice, a fuel nozzle mounted within 
said inner air nozzle with its discharge end at 
fixed distance from the discharge end of each 
of Said air nozzles, a sleeve rotatable with and 
rinovable longitudinally of said inner nozzle to 
Ward and from the discharge end of the outer 
air nozzle, structure operable externally of the 
burner to effect, rotation of said inner air nozzle, 
Structure precluding longitudinal movement of 
Said inner air nozzle during its rotation to main 
tain a fixed distance between the discharge ends 
of said inner and outer air nozzles, and coupling 
means between said inner nozzle and said sleeve 
and between said sleeve and fixed structure of 
Said burner to effect longitudinal movement of 
said sleeve upon rotation of said inner nozzle 
and so vary the effective cross-sectional area of 
Said passage, the relative position of the dis 
charge ends of all of said nozzles remaining fixed. 

3. A burner comprising an outer air nozzle, an 
iner air nozzie termirating within said outer 
air nozzle, said outer air nozzle having a tip 
tapered toward the discharge end of said inner 
air nozzle and there with defining a converging 
air passage, a fuel nozzle terminating within said 
inner air nozzle, and a sleeve slidable externally 
of Said innner air nozzle toward and from en 
gagement with the discharge end of said outer 
air nozzle to vary the effective cross-sectional 
area of said passage, said sleeve having small 8 
openings therethrough to insure effective atom 
ization of the fuel discharged from said fuel 
inozzle When said sleeve closely approaches en 
gagement with the discharge end of said outer 
air nozzle. 

4. A burner comprising an air nozzle, a fuel 
nozzle Within Said air nozzle, said air nozzle haw. 
ing tangential inlet ports to impart angular mo 
tion to the air moving toward the discharge end 
of the fuel nozzle and having other inlet ports 
iore remote from its discharge end which are 
non-tangential for admitting air which has 
Straight-line motion toward said tangential in 
jet ports, and valve means for controlling the 
amount of air supplied to said other ports in ad 
justinant of the relationship between the angu 
lar and linear velocities of air moving toward 
the discharge ends of said nozzles. 

5. A burner comprising an air chamber, an 
air' nozzle within Said chamber and having 
tangential inlet ports providing for passage of 
air fro: said chamber into Said nozzle aid for 
iniaiting angular motion thereto during pas 
sage to the discharge end of the nozzle, a fuel 
1632ie Wikilin said air nozzle for discharging fuel 
into the air moving therein, structure within 
saiti air nozzle through which said fuel nozzle 
extends and having non-tangential ports direct 
iig air inearly of said air nozzle. toward said 
tangential ports, and valve means controlling 
the annount of air passing through said non-tan 
gential ports for varying the relationship be 
tween the angular and linear velocities of air 
rowing Within said air nozzle toward the dis 
chai"ge ends of said nozzles. 

6. A burner comprising an air chamber, all 
outer air nozzle extending from Said chamber, 
2n inner air nozzle extending through said 
chamber into said outer air nozzle and having 
tangential ports to impart angular motion to air 
during passage thereof from Said chamber into 
said inner air nozzle for flow toward the dis 
charge end of said inner nozzle, a fuel nozzle 
within said inner air nozzle, and valve means 
more remote than said tangential ports from the 
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10. 
discharge end of the inner nozzle controlling ad 
mission of air from said chamber for flow longi 
tudinally of said inner nozzle toward said tan 
gential ports to vary the angle of the cone of 
discharge of admixed fuel and air from the 
burner. 

7. A burner comprising an air chamber, an 
outer air nozzle extending from said chamber, 
an inner air nozzle extending through said 
chamber into said outer air nozzle and having 
tangential ports to impart angular motion to air 
during passage thereof from said chamber into 
said inner air nozzle for flow toward the dis 
charge end of Said inner nozzle, said nozzles hav 
ing at their discharge ends converging tips which 
define a converging air passage, a fuel valve 
Within Said inner air nozzle, a sleeve movable 
longitudinally of Said inner air nozzle to vary the 
effective cross-sectional area of said air pas 
Sage, and valve means controlling admission of 
auxiliary air from said chamber to said inner 
nozzle at a region more remote than said tan 
gential ports from the discharge end of said inner 
nozzle, Said auxiliary air having straight-line 
movement toward said tangential ports to vary 
the angle of the cone of discharge of admixed 
fuel and air from the burner. 

8. A burner comprising an outer air nozzle 
having a bearing member disposed therein, an 
inner nozzle terminating Within Said outer nozzle 
and having its discharge end fixedly spaced from 
the discharge end of said outer nozzle, said 
nozzles having converging tips at their discharge 
ends which define an air passage converging to 
an annular orifice, a sleeve slidable in said bear 
ing member along Said inner nozzle to vary the 
effective cross-sectional area of Said passage for 
said fixed spacing of the discharge ends of said 
nozzles, and mechanism for adjusting the posi 
tion of said sleeve along said inner nozzle to vary 
the discharge of air from said outer nozzle with 
out shifting the position of said orifice. 

9. A burner comprising a fixed air chamber, 
an outer air nozzle extending therefrom, a bear 
ing member disposed therein and having portS. 
for flow of air from said chamber to said, outer 
air nozzle, an inner nozzle extending through 
Said chamber and Said bearing member into Said 
outer nozzle with its discharge end fixedly spaced 
from the discharge end of said outer nozzle, said 
nozzles having converging tips at their discharge 
ends Which define an air passage converging to 
an annular orifice, a sleeve Slidable through said 
bearing member along said inner nozzle to vary 
the effective cross-sectional area of said passage, 
and mechanism for adjusting the position of said 
sleeve to vary the amount of air flowing through 
said ported bearing member from Said chamber 
for discharge by the outer nozzle without shift 
ing the position of said annular orifice. 

10. A burner comprising an outer air nozzle, a 
bearing member disposed therein and having 
ports for passage of air to the discharge end 
thereof, a rotatable inner air nozzle extending 
through said bearing member, having its dis 
charge end at fixed distance from the discharge 
end of said outer air nozzle and having tan 
gential inlet ports to impart angular velocity to 
incoming air, a second multi-ported bearing 
member disposed within said inner air nozzie, 
said nozzles having converging tips at their dis 
charge ends which define a converging air pas 
Sage, a fuel nozzle extending through said second 
bearing member With its discharge end at fixed 
distance from the discharge ends of said inner 



1. 
and outer air nozzles, a sleeve slidable in said 
first bearing member and rotatable with and 
movable longitudinally of said inner air nozzle, 
means for rotating said inner nozzle, a structure 
precluding longitudinal movement of Said inner 
nozzle during its rotation, structure coacting 
with said sleeve and said inner nozzle effective 
upon rotation of said inner nozzle to adjust the 
position of said sleeve in control of the effective 
cross-sectional area of said converging air paS 
sage for control of air passed by said first bear 
ing member, and valve means controlling the 
amount of air passed by said second ported 
bearing member for movement linearly of Said 
inner nozzle toward and beyond said tangential 
inlet ports to vary the relationship between the 
linear and angular velocities of the air moving 
within said inner air nozzle toward the tip of the 
fuel nozzle. 

11. A burner comprising a housing defining a 
main chamber and an auxiliary chamber, an 
outer air nozzle extending from said housing and 
receiving air from said main chamber, a 10 
tatable inner air nozzle extending through Said 
chambers into said outer nozzle and having tan 
gential ports for passage of air from Said main 
chamber and other ports for passage of air from 
said auxiliary chamber into said inner nozzle for 
linear flow, said outer nozzle having at its dis 
charge end a tip tapered toward the discharge 
end of said inner air nozzle and thereWith de 
fining a converging air passage, a sleeve slidably 
mounted on said inner nozzle for movement to 
ward and from the discharge end of Said outer 
nozzle to vary the discharge of air from Said 
outer nozzle, and a valve operable externaily of 
said housing and positioned to control passage 
of air from said main chamber through Said 
auxiliary chamber to said inner nozzle so to vary 
the angle of the cone of admixed fuel and air dis 
charged from the burner. 

12. A burner comprising a housing defining a 
main chamber and an auxiliary chamber, an 
outer air nozzle extending from said housing and 
receiving air from said main chainber, a ro 
tatable inner air nozzle extending through said 
chambers into said outer nozzle and having tan 
gential ports for air from said nain charnber 
and having other ports for air from Said auxiliary 
chamber positioned to effect linear flow, said 
outer nozzle having at its discharge end a tip 
tapered toward the discharge end of Said inner 
air nozzle and therewith defining a converging 
air passage, a sleeve rotatable with and slidable 
along said inner nozzle toward and from the dis 
charge end of said outer nozzle to vary the ef 
fective cross-sectional area of Said converging 
passage, a fuel nozzle for discharge of fuel near 
the discharge end of said inner nozzle, means for 
rotating said inner nozzle, structure for preclud 
ing longitudinal movement of Said inner nozzle 
during its rotation, coupling means including a 
pin-slot connection between Said inner nozzle 
and said sleeve effective upon rotation of Said 
inner nozzle to effect sliding movement of Said 
sleeve in adjustment of the air discharged by the 
outer nozzle into the fuel-air imixture discharged 
by the inner nozzle, and a valve for controlling 
the air from said main chamber to Said auxiliary 
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chamber for linear movement toward said tan 
gential ports in adjustment of the relationship 
of the angular and linear velocities of air mixed 
within the inner nozzle with fuel discharged by 
Said fuel nozzle. 

13. The combination with an ignition tile 
having a divergent passage of a burner having 
a fuel nozzle and inner and Outeir air nozzles 
Whose discharge ends are at fixed distance from 
the throat of Said divergent passage and define 
an annular discharge orifice, said nozzles having 
converging tips at their discharge ends which 
define an air passage converging to said annular 
Orifice, a sleeve slidable along said inner air 
nozzle toward and from the discharge end of 
said outer air nozzle, and means operable ex 
ternally of the burner for varying the position 
of Said sleeve in adjustment of the air from Said 
discharge orifice which remains at fixed dis 
tance from the throat of Said tile passage. 

14. A burner comprising a hollow member 
terminating in an outer air nozzle, a rotatable 
inner nozzle extending through Said hollow men 
be and having its dischaige end at a fixed dis 
tance from the discharge end of Said outer air 
inozzle, said nozzles having converging tips at 
their discharge ends which define an air passage 
terishinating in an annular discharge orifice at 
the burner tip, a sleeve Slidably engaging said 
inner nozzie for rotation therewith and for 
novement longitudinally thereof, means ex 
ternal of the bulner for rotating said inner 
Inezzle, structuie for precluding longitudinal 
i:lovelinent of Said inner nozzle during its rota 
tion, and pin-slot coupling means between said 
sleeve and said inner nozzle and between said 
sleeve and said hollow member effective upon 
rotation of said inner nozzle to effect longitudi 
nai movement of Said sleeve So to effect change 
in the CrOSS-Sectional area of Said passage and 
so to vary the air discharged from the burner 
without change in the relative position of the 
discharge ends of Said air nozzles. 

ALFRED. F. SCHUMANN. 
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