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UNITED STATES PATENT OFFICE 

FUEL AND AIRMXNG UNIT FOR 
BURNER ASSEMBLES 

John L. MacFarlane; Pueblo, Colo, assignorto 
The Mac. Mixer, Inc., a corporation of Colorado. 
Application October 10, 1949, Serial No. 120,579. 

(CI. 158—11) : Claims. 
1. 

This invention relates to a fuel and air"mixir 
ing unit for burner assemblies which is useful in 
obtaining a controlled heating pattern and effi 
cient combustion. 
Many different types of fuel and air mixing: 

units or burners have previously been devised in. 
attempts to increase the efficiency of combustion: 
or 'to control the filame pattern. Generally nost, 
of ther previous designs have been based on the 
theory, that: turbulence is essential for the com 
plete intermixing of fuel and air and that a 
conical flames pattern is most desirable because 
the hot zones of the fiane are then concentrated. 

Certain disadvantages: Of fuel and air mixing 
units: designed on the basis of the foregoing. 
theory have become apparent. One disadvantage: 
of fame patterns having hot zonesis noted where 3 
the-capacity of original installations has been in 
creased: Such increases in capacity necessitate: 
the burning of additional fuel which causes an: 
elongation of the flame pattern tending to bring: 
the hot zone of the flame into contact with: parts, 
of the fire: box, or furnace? to the consequent. 

Accordingly burners that: 
develop a hot zone have not been useful, over a . 
damage of said parts. 

wide range offiow, capacities unless the furnace 
or fire box was specially designed to accommo 
date:Such a burner. 

Insofar as the mixing of the fuel and air is." 
concerned, some of the previous designs: have: 
attempted by" various means: to: increase: the: 
amount of turbulence within the mixing unit.and. 
outwardly into the fame: pattern in the belief 
that such increased turbulence was necessary to 
assure: the complete intermixing of fuel and air. 
As a result of the present inventor's studies, it 
would now seen: that many previous idevices for " 
mixing.: fuel and air have actually created too. 
nuch turbulence in the flow pattern: to: assure: 
the complete intermixing of the combustion Sup 
porting products. 

Primarily the complete intermixture of fuel 
and air is desired to increase: the efficiency of 
combustion. Since maximum efficiency has not 
been obtained previously with prior types of 
mixing units or burners, it is: evident that the 
intermixture of fuel and air has been incomplete 
or at least not in the proper proportions. These 
inefficiencies, generally occur, at all levels of 
operation, but in most installations an increase 
in the percent combustibles or in excess air is 
noted on either sider of an optimum operation 
condition. Any type of burner which does not 
operate at: near maximum efficiency. Over as wide 
range of operation levels: does not thoroughly. 
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2. 
Satisfy the requirements of modern furnace, kiln. 
and other fireboxinstallations. 
In order to overcome the shortcomings of prior 

devices, the present inventor has devised a fuel 
and air mixing unit designed to satisfy the fol 
lowing objects: 
To provide a fuel and air mixing unit which 

efficiently combines fuel and air in readily a.d. 
justable exact proportions to assure efficient corn 
bustion. 
To provide a fuel and air mixing unit in which. 

liquid or gaseous fuels may be efficiently inter 
mixed with air or oxygen, without creating ex 
cessive turbulence within or at the discharge of 
said mixing unit. 
To provide a fuel and air mixing unit which is 

adapted to give a homogeneous flame pattern. 
To provide a fuel and air mixing unit having 

a... plurality of successive expansion chambers 
adapted to intermix, the fuel and air products. 
efficiently; before discharging said products: in a 
hornogeneous flame pattern. 
To provide a fuel and air mixing unit having". 

Successive chambers of increasing diameter 
adapted to efficiently intermix liquid and gaseous 
fuels: with air introduced into said mixing unit 
by concentrically arranged conduits having flow 
and pressure controlling means associated there 
With. 
To provide: a fuel burning arrangement in 

clusive of a mixing unit having expansion 
chambers of successively increasing diameter, 
conduit means for carrying fuel to said mixing 
unitat'a predetermined rate of flow together with 
further“means: for controlling the amountº of pri 
mary air introduced into said mixing unit and 
the amount of secondary air introduced into the 
fire box through a checker preheating system: 
To provide a fuel and air mixing unit which 

is easily and economically, manufactured and 
Which incorporates simple control features easily 
Operable by the personnel maintaining said mix. 
ing unit. 

Further objects and advantages of the present. 
in Yention will be apparent from the appended de 
scription and drawings in which: 

Fig. i is an elevation in partial section showing: 
the general use of the mixing unit of this inven. 
tion in a brick kiln fire boxinstallation inclusive'. 
of a secondary air preheating system; 

Fig.2 is an elevation in partial section showing. 
the features of an embodiment of this invention 
in exact detail drawn to. A scale; 

Fig. 3 is an elevation in partial section showing 
the details of a fuel and air conduit arrangement" 



3. 
together with air control means for association 
With Said mixing unit; 

Fig. 4 is an elevation in partial Section showing 
the features of a separate embodiment of this 
invention in exact detail drawn to 5% scale; 

Fig. 5 is an elevation in partial Section show 
ing the details of a separate embodiment of the 
fuel and air conduits arrangement together with 
the control means thereof; and 

Fig. 6 is an elevation on a reduced scale taken 
along the lines 6-6 of Fig. 4. 

Briefly stated the present invention provides 
a fuel and air mixing unit inclusive of an 
entrance Chamber having Side Walls which nar 
row or converge to provide an opening of min 
imum diameter consistent with the flow capacity 
of the mixing unit. Downstream from the said 
entrance chamber and the opening therein, a 
plurality of expansion chambers of successively 
increasing diameter in the downstream direction 
are provided. Each of the expansion chambers 
is Substantially cylindrical in shape having the 
individual lengths thereof greater than the di 
ameters of said chambers, but each of said cham 
bers being of successively decreased length. With 
respect to the next adjacent upstream chamber. 
The chambers themselves are separated one from 
another by a plurality of restrictions formed on 
the inner Surfaces of said chambers which tend to 
narrow the passage therethrough to provide 
Openings of diameter less than the diameter of 
the next adjacent upstream expansion chamber. 
Further these openings are of successively in 
creasing diameter in the downstream direction. 
By means of the foregoing arrangement the in 
ventor is able to establish a fame pattern which 
is homogeneous insofar as the dispersion of color 
is concerned. By use of separate means for 
controlling the amount of atmospheric air, fuel 
and air under pressure introduced into the mix 
ing unit, the amount of fuel and air introduced 
can be controlled in exact proportion to maintain 
highly efficient combustion. Separate arrange 
ments for controlling the amount of fue and air 
introduced are provided in accordance with this 3: 
invention together with means for controlling the 
distribution of the aforementioned homogeneous 
flame pattern within a fire box, furnace or the 
like. 
In Fig. 2 the details of a first embodiment of 

this invention are shown. In this figure it will 
be noted that the inventor provides a fuel and 
air mixing unit having in Successive down 
strean arrangement an entrance chamber 2, a 
first expansion chamber 3, an intermediate ex 
pansion chamber 4 and a last expansion cham 
ber 6. As shown, the entrance chamber is pro 
Wided with converging side walls 7 of substan 
tially frusto-conical shape. These side Walls 
COIVerge or narrow in the downstream direction 
to an opening 8 of minimum diameter consistent 
with the desired maximum volumetric flow for 
the particular installation. Beyond the opening 
8 a first expansion chamber 3 having Walls 9 
of Substantially cylindrical shape is disposed, 
and interconnecting the cylindrica walls 9 of 
the first expansion chamber 3 and the converg 
ing Side Walls of the entrance chamber 2 is 
a Section 2 of expanding diameter to provide a 
transition member between the opening 8 and 
the cylindrical walls 9. The length of the first 
eXpansion chamber 3 and of the Walls 9 there 
of is approximately twice the inside diameter 
of the expansion chamber 3. At the terminal 
downstream end of the first expansion chamber 
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3, a constriction 22 disposed upon the inner 

Surface of the Walls 9 is provided. Preferably 
the constriction 22 narrows the passage through 
the first expansion chamber 3 to provide an 
opening 23 of diameter greater than the opening 
8 and less than the diameter of the upstreaîn 
expansion chamber 3. An internediate expan 
Sion chamber likewise having walls 24 of substair 
tially cylindrical cross Section is disposed down 
stream from the opening 23 and is interconnected 
to the chamber 3 by a continuation of the re 
striction 22 and expands in diameter fron. Ini 
innum size at the opening 23 to maximum size 
Coterninous With the diameter of the chamber 
4. The diameter of the internaediate expan 

SiOn, chamber 4 is approximately 10 to 25 per 
cent greater than the diameter of the next ad 
jacent upstream expansion chamber 3, and the 
length of the intermediate expansion chamber 

is approximately one and one-half times the 
diameter. 
At the downstream end of the intermediate 

expansion Chaimbers another restriction 26 is 
likewise provided to narrow the passage through 
Said intermediate chamber 4 to provide an open 
ing 2 of diameter greater than the opening 23 
and less than the diameter of the intermediate 
expansion chamber . A third or last expansion 
chamber 6 having cylindrical walls 28 is pro 
vided downstream from said opening 27 and a 
continuation of the restriction 26 of expanding 
diarieter interconnects the intermediate cham 
ber til and the Yªyalis 28 Of the last; chamber 5. 
The diameter of the cylindrical expansion 

chamber is approximately 1.2 times the diam 
eter of the intermediate expansion chamber 4 
and the length of the last chamber 6 is approxi 
nately 1.2 times the diameter. At the terminal 
end of the last expansion chamber 6 a circularly 
formed restriction 29 is provided which narrows 
the paSSage through said last expansion cham 
ber to an opening 3. The diameter of the open 
ing 3 is greater than the diameter of the up 
stream opening 2 but less than the diameter of 
the adjacent upstream expansion chamber 6. 

Besides the ratios and proportions already set 
forth, it should be noted that the successive open 
ingS 8, 23, 2 and 3 are of successively increas 
ing diameter in the downstream direction. The 
expansion chambers are of successively increas 
ing diameter in a do Winstream direction from the 
entrance chamber 2 and of successively decreas 
ing length. In all instances however, the sizes 
of the openings 8, 23, 27 and 3 are of Smaller 
dia.neter than the next adjacent upstream cham 
ber. While specific ratios and proportions have 
been set forth, it should be apparent that modi 
fication within certain limits is possible. Ac 
cordingly it should be realized that the dimen 
sions and proportions set forth are given only 
to enable others to readily practice the present in 
Vention. 
As further shown in Fig. 2 a mixing unit is 

preferably used in conjunction with apparatus 
for delivering gaseous fuel into the mixing unit 

where it is to be intermixed with air entering 
at atmospheric pressure. The associated appa 
ratus shown is especially useful when it is de 
sired to burn natural gas or similar gaseous fuel. 
When this type of installation is desired the in 
Ventor prefers to provide a pipe or conduit 32 hav 
ing its end 33 disposed centrally in the entrance 
chamber 2. A coupling 34 and plug 36 or other 
similar closure members are provided on the end 
33 of the pipe 32. Where a plug is used, an orifice . 
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37:is, drilled throught-the-plug;36 so that the gass-- 
eous:fuel being carried by the conduit:32:is:de: 
livered: through: the orifice:37 into the entrance: 
section: 2 of the: mixingunit illi, 

En:order: to regulate the amount of gas-and-air 5* 
being introduced into the mixing unit. Sosas...to. 
obtain the correct proportions necessary forefs:- 
ficient; combustion, separate, means. Such as: valves: 
or the like (not shown), are provided on...the gases 
ous fuel introducing pipe:32, to control the flows: 
and pressure: of fuel through the pipeg 32 and, 
orificey-37. While other means may be used to. 
accomplish the same: result, the inventor prefers: : 
to-mount a primary: air control disk on: the exis: 
ternal:Surface of the pipe. 32.for adjusted moves. 
ment toward and away from the entrance Open. 
ing: 38 of the entrance chamber 2. To accoms. 
plish such adjusted positioning of the air-control. 
disk. 39, the inventor in the embodiments, shown. 
provides threads 4 of extended length cut in the: 
outer surface of the pipe 32. The air control disk, 
39 is preferably a member having a flat disk shape:e 
of size larger than the entrance opening 38 and 
a boss:42. The boss: 42 and the central portion 
of the disk 39 is provided with an opening. 43 
having threads. 44 thereinformating eragagement 
with the threads 4 on the external Surface. Of . 
the pipe 32. It will.be.noted that as the air 
control disk 39 is rotated with respect to the pipe. 
32 it will be moved in Wardly, or outwardly with 
respect to the entrance opening 38. When the 
disk is moved away from the entrance opening 38 
the opening 49 of cylindrical shape-between the: 
disk.39 and the entrance opening 38...will bein 
creased to allow an increased amount of air to: 
flow into the entrance section. 2... of the mixing. 
unit. . 
In Fig. 1 a... typical installation which fully 

utilizes the advantages of a mixing unit similar. 
to that shown in Fig. 2...is shown. In this figure 
it. Will be seen that the fuel and air mixing-unit 

is supported by a stand 47 so... that the downie 
Stream opening 3 in the last expansion chani 
ber 6 discharges through an opening 48 in the 
exterior wall 49 of a firebox. 5. The conduit 4. 
32 is interconnected with a fuel supply pipe. 52;. 
and a valve. 53 previously mentioned is provided 
to control the flow, of fuel into and through ther 
conduit 32. Beyond the valve 53 in a downstream. 
direction the conduit 32:...is provided: with a tap. 5 
54; a valWe 56 anda, pressure gauge: T. useful in. 
determining and controlling thes, delivery: press. 
Sure of the gaseous fuel being used. As previous. 
ly, explained the air control disk 39 is...mounted: 
for adjusted movement along the conduit:32; to:55: 
vary and control the amount of primary air ins: 
troduced into the mixing unit it. The firebox: . 
itself which is in this figure shown as beingen. 
closed withina.kiln 58 is provided with a grate 59. 
anda, mass of broken fire:brick. Sit or other simis s. 60) 
lar material which separates the firebox:5:fron. 
a secondary air entrance.channel62. The chans. 
nel 62 ris connected With a header:63. Whichisine. 
terconnected to a conventional type of blower: 
(not shown) so that secondary air: will be in 6. 
troduced into the firebox. 5; through the header 
63 and channel 62 and upwardly "through the: 
broken brick S and grate 59 to further control 
the placement. of the flames pattern within; the: 
fire box. 5f and to preheat the secondary air by: 
means of its passage through the: checker-like, 
system provided by: the broken brick. 6. By: 
means of this.arrangement when:the amont of: 
fuel and air introduced through the mixing units. 
tissincreased, the flame:patterniemittings from:75 
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the discharge opening 33 can be controlled: so: thatsit.will.not:impingesupon.thesfireswall.64 
with such intensity; as to:destroy the:fires wall. 
Since...thefflamecpattern emitted by the mixing: 
units.l. is 'substantially homogeneous in: characts. 
ter...and, since: there area no-marked hot zones in: 
the fame pattern, this...control of the placements. 
of thesflame:patternis: possibles without endanger-. 
ing any of the:otherparts, such as:the roof: (not. 
shown) of the kiln. Likewise, with...this type: of: 
buriaele the placement of the flame pattern::can 
be controlled in furnaces,; ovens, open hearths. 
soaking pits and the like-to-prevent the destruct: 
tions of parts: within such units; due to the:COn 

; : centration of heat, 
The exact character of the flame pattern;emits: 

tediby-the-mixing unit? should perhaps be more: 
fully described. It has been written that; this: 
flame patterneisshomogeneous. By this termithe: 
inventorintends to convey the impression...that: 
there are no marked physically apparent demara: 
cations of ilane pattern which might be charac 
terized as oxidizing, reducing or as a hot:Zon 
Instead the:flames emitted from the discharge, 
opening: 3: is of elongated substantially cyline. 
drical shape of slightly increasing diameter away: 
from the discharge opening 3. Throughout thes 
visible sportion of the.flames patterºn the intermixsa. 
ture: of colors, such as the...characteristic reds;. 

À $ blues,...greens, etc. is; even, or in other words the 
fame patternis homogeneous since the dispersion. 
of such characteristic, colors is complete; 
While thie: complete...dispersion of flames.colors: 

is not conclusive to prove:that there is:a completes 
intermixtures of fuel and air, such results coupled. 
with flue gas. analysis; results showing a maximum: 
efficiency are: conclusive: to show that the inters. 
mixture; accomplished by the inventor'ss type: of: 
mixing.unit is... complete and may be-regulated: 
in: exact:proportion:to, establish.maximum com?. 
bustion: efficiency. In a brick kiln installation: 
this:type: of mixing unit: has made it possible to 
obtain consistent, results: showing not. Over is of: 
1 percent excess: oxygen with no combustibles in: 
the: flegas analysis. In the same, installation: 
mentioned when, mixing units of the described 
types are installed, the Saving in: fuel was betters: 
than 40 percent, and since a more intense heat. 
was possible: in-a-shorter period of time the pro 
duction: capacity of the plant was increased and 
theif?elª cost per thousandfªbricks" was effectively 
cut in: half. While it is: admitted that these tres. 
sults are perhaps unusual, they are:-evidence-of 
the possibilities: inherent in the inventor's-types: 
of design. 

Besides the gaseous fuel and air installation as: 
shown in Figs: 1 and 2 it has been found that: 
the presentitypes of mixing: unit is adaptable to: 
other fuel burning applications. Actually units of 
design similar to that, described: have been used 
to intermixgaseous; liquid and solid fuels with: 
air underpressure and at atmospheric pressure: 
In all instances the results have shown that the: 
futel and air intermixture obtained is suitable forts 
the attainment of maximum or near maximum: 
coloustion efficiencies. 

Ah...arrangerient foi: the eficient.intermixture: 
of gaseous and liquid-fuels with air under press. 
Sures and at atmospheric pressure is... shown in. 

e Fig: 3... In this figure a mixing.unit f f is "pro-:- 
vided Of...folinald shape Substantially as shown, 
in Fig. 23 having: amentrance:chamber 23,andan 
entrance. Opening 38 as; previously: described 
Thgee:Separate:Concentric conduits:ace-arrange 

: Within or adjacent to the eaticance section of the: 
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mixing unit i? so that a gaseous fuel such as 
natural gas, a liquid fuel such as fuel oil and 
primary air under pressure will be conjointly in 
troduced into the entrance section 2 on passing 
through a nozzle 66 having an orifice 67 therein. 
The actual arrangement of the conduits and as 
sociated members is fully shown in Fig. 3 where 
it will be noted that gas is introduced by means 
of a pipe 68 into a T fitting 69. A gas conveying 
conduit if interconnects with one opening of the 
T to foirm the outermost of the conduit members. 
The outer surface of this conduit, is provided 
with threads 72 for the reception of an air control 
disk 39 of shape, size and purpose corresponding 
to that previously described. As before, move 
ment of the control disk 38 toward or away fron 
the entrange opening 38 decreases or increases 
the amount of air introduced into the entrance 
chamber 2 at atmospheric pressure. A tapped 
plug 73 is provided in the third or reinaining 
opening of the fitting, and a conduit, I having 
an outside diameter that is less than the inside 
diameter of the outer conduit, is connected 
through the tapped plug 73 and disposed concen 
trically within the outer conduit so as to pro 
vide a passage 6 through Whicl the gas intro 
duced into the by the pipe 68 may be conveyed 
toward the orifice opening 6. One opening of a 
second is interconnected to the Outer end of 
the conduit 4 and an air delivery pipe 3 is ju 
terconnected into another opening of the T . 
A tapped plug is is disposed in a third opening of 
the Second T and an inner Conduit 3 is con 
nected through the tapped plug 19 and disposed 
Within the conduit 4 to convey oil to the orifice 
67 and into the entrance Section 2. The outside 
diameter of the conduit 8 is substantially less 
than the inside diameter of the conduit A So that 
a passage 82 is provided between the conduits 3 
and 7 is through which air under pressure may be 
introduced for passage to and through the orifice 
67 and into the entrance chamber 2. This par 
ticular arrangement of feed conduits is advan 
tageous in installations where a more intense 
heat is desired or where the Supply of one or the 
other types of fuel is not thoroughly dependable. 
Where a more intense heat is desired both the 
liquid and gaseous fuel will be introduced simul 
taneously with air under pressure and air at at 
mospheric pressure to provide a homogeneous 
mixture having a high heating value. It is signi 
ficarat that the intermixture of the Separate types 
of fuel is so complete that the resulting flame pat 
tern is still homogeneous and the flue gas analyses 
show corresponding efficiencies. By the use of 
valve members on the separate pipes 68, 8 and 
8 the flow of any of the separate Constituents 
may be closely controlled and accordingly when 
ever it is desired or necessary to cut off one par 
ticular type of fuel, adjustment may be readily 
made to maintain the efficient combustion. In 
instances where the primary type of fuel is cut 
off, the provision of a secondary fuel which may 
be efficiently burned to maintain a satisfactory 
heat is invaluable. 

In Fig. 4 a modified form of mixing unit COn 
struction is shown. In this figure the mixing 
unit i i" is provided with an entrance chamber 
2 and a plurality of expansion chambers 3', 
4' and 6'. As in the previous arrangement the 

expansion chambers are successively of increas 
ing diameter in the downstream direction. Fur 
ther the side walls of the entrance chamber 
2' narrow to provide an opening 8 at the mini 
mum diameter of said entrance Section. The 
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walls 9' of the first expansion chamber 3' are 
Substantially cylindrical in shape and a Section 
2 of expanding diameter interconnects the 
opening 8' with the walls 9' of the first ex 
pansion chamber 3". Adjacent the downstream 
terminal end of the expansion chamber 3' a re 
striction 22' is disposed to provide an opening 23 
of diameter Smaller than the diameter of the 
expansion chamber 3. The actual form of the 
reStriction 22' is different thar a that illustrated in 
Fig. 2 inasmuch as the modified form of restric 
tion 22 provides for a gradual and even reduc 
tion in diameter from a maximum size equal to 
the diameter of the expansion chamber 3' to a 
minimum size equal to the diameter of the open 
ing 23. Downstream from the opening 23 the 
restriction 22' has an expanding or flared in 
ternal diameter adapted to provide a Smooth but 
Irelatively sharp transition from the diameter of 
the opening 23 to the internal diameter of the 
walls 24' of the intermediate expansion chann 
ber 4'. 
A restriction 2 " is likewise positione di ajjacent 

the downstrean terminal end of the intenediate 
expansion chamber 4'. The construction of the 
restriction 2' is similar to that of restriction 22 
inaSalch as it provides for a gradual reduction 
in internal diameter from the diameter of the 
walls 24" to the diameter of an opening 2' sepa 
rating tha intermediate expansion chamber 4' 
from the last expansion chamber 6'. Down 
stream from the opsning 27 the walls of the re 
striction 2s have an expanding diameter to effect 
a smooth but relatively sharp transition from 
the diarineter of the opening 2 to the internal 
diameter of the Walls 28' of the expansion chann 
lier is'. A further restriction 29' is disposed ad 
jacent the downstream terminal end of the ex 
ansion chamber S' to narrow the passage there 

through and to provide a discharge opening 3 of 
diameter less than the inside diameter of the 
walls 28. Restriction 2S is formed similarly to 
the restrictions 22' and 26' inasmuch as its Walls 
are adapted to provide a, gradual transition be 
tween the diameters of the external Walls 28 
and the discharge Opening 3. 
As in the previous embodiment the diameter 

Of the expansion chamber 3' is greate than the 
diameter of the opening 6'. Further the expan 
Sion chambers S', and 6' are of Successively 
increasing diameter in the downstream direction 
and the diameters of the openings 3", 23, 27' 
and 3’ are likewise of successively increasing di 
ameter in the downstream direction. Again each 
of the separate openings 8", 23', 2' and 3' are 
of less inside diameter than the next adjacent 
Upstream chanbei, Essentially the differences 
between the embodiments shown in Fig. 2 and 
Fig. 4 are concerned with providing transition 
shapes between the separate expansion chanier's 
that more nearly conform to the shape of co 
ventional type nozzles. These changes have been 
made inasmuch as the embodiment shown in Fig. 
4 is designed for larger capacity than that shown 
in Fig. 2 and for the larger flow capacities the 
nozzle type restrictions give the proper internix 
ture Without establishing excessive turbulence. 

Figs. 5, 6 and a portion of Fig. 4 show the de 
tails and arrangerinent of a separate type of fuel 
and air feed and control. In Fig. 4 it Will be 
noted that the entrance end 83 of the Eixing 
unit is provided with a, flat face 3i and the 
side walls i' of the entrance chamber 2 are 
turned to provide a cylindrical face 88. These 
machine faces are provided so that they may be 
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... What is claimed is: 
1. A mixing unit for burner assemblies com 

prising an elongated open-ended body having an 
entrance chamber inclusive of side walls forming 
a narroWing passage arranged to receive streams 
of air and fuel, means for injecting streams of 
air and fuel into said entrance chamber at its 
Open end, said body including a plurality of ex 
pansion chambers of Successively increased cross 
Section downstream from said entrance chamber, 
and a plurality of constriction members between 
said chambers having surfaces arranged to nar 
roW the passage therebetween to a cross section 
less than the cross sectional dimension of the 
next adjacent upstream chamber so as to mix 
Said streams in their travel through said cham 
berS. 

2. A mixing unit for burner assemblies com 
prising an elongated open-ended body, an en 
trance chamber on said body inclusive of sidewalls 
forming a narrowing passage arranged to receive 
Streams of air and fuel, means for injecting 
streams of air and fuel into said entrance cham 
ber at its open end, said body including a plurality 
of Substantially cylindrical expansion chambers of 
SucceSSively increased diameter downstream from 
Said entrance chamber, and a plurality of re 
strictions acting as division members between 
Said Chambers having surfaces arranged to nar 
row the passage therebetween to a diameter less 
than the diameter of the next adjacent upstream 
chamber so as to mix said streams in their travel 
through saidi chambers. 

3. A mixing unit for burner assemblies con 
prising an elongated open-ended body having 
imperforate Side Walls, an entrance section on 
Said body arranged to receive streams of air and 
fuel, means for injecting streams of air and fuel 
into Said entrance section at its open end, and 
Said body including a plurality of expansion 
chambers disposed in open ended relation length 
Wise of said body downstream from said entrance 
Section, each of said chambers being defined by 
restrictions acting as division members at the 
ends thereof, each said expansion chamber being 
of shorter length than the next adjacent up 
Stream expansion chamber so as to mix said 
streams in their travel through said chambers. 

4. A mixing unit for burner assemblies com 
prising an elongated open-ended body of circular 
cross section, an entrance section on said body 
arranged to receive streams of air and fuel, means 
for injecting streams of air and fuel into said 
entrance Section at its open end, and said body 
including a plurality of expansion chambers dis 
posed in Open ended relation lengthwise of said 
body downstream from Said entrance section, 
Said chambers being separated from each other 
by a restriction therebetWeen, each said expan 
Sion chamber being of greater diameter and 
shorter length than the next adjacent upstream 
eXpansion chamber SO as to mix said streams in 
their travel through said chambers. 

5. A fuel and air mixing unit for burner 
assemblies comprising an elongated open-ended 
body having an entrance Section inclusive of 
side walls forming a narrowing passage, said 
body including a plurality of expansion cham 
bers of successively increasing diameter and de 
creasing length downstream from Said entrance 
Section disposed in Open ended relation length 
wise of said body, said chambers being separated 
by restrictions therebetween, a conduit for con 
veying fuel having a discharge outlet disposed 
within said entrance section at the open end, an 
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2 
orifice member mounted at said outlet in heat 
conductive connection with said conduit, an air 
control disk mounted on said conduit at the up 
Stream end of Said entrance Section for selective 
Iino Vernent along said conduit to vary the quan 
tity of air introduced into said entrance section, 
and valve means on said conduit for controlling 
the amount of fuel introduced through said con 
duit into said entrance section. 

6. A fuel and air mixing unit for burner assen 
blies comprising an elongated open-ended body 
having an entrance section inclusive of side walls 
forming a narrowing paSSage, said body includ 
ing a plurality of expansion chambers of suc 
cessively increasing diameter downstream from 
Said entrance section disposed in open ended re 
lation lengthwise of said body, a first conduit 
having a discharge outlet disposed in the en 
trance Section for discharging gaseous fuel into 
the upstream end of Said mixing unit, a concen 
tric interimediate conduit disposed within said 
first conduit and having its discharge outlet 
Within Said first conduit, an inner conduit dis 
pOSedi concentirically Within said intermediate 
Conduit having its discharge outlet, within said 
intermediate conduit, said inner and intermedi 
ate conduits providing a passage for the intro 
duction of air, a regulating member having an 
Orifice opening therein for engagement with the 
discharge outlet of said first conduit for regulat 
ing the flow of fuel and air into said mixing unit, 
and valve members on each of said conduits for 
regulating the flow and pressure of the fuel or 
air in the respective conduits. 

7. A fuel and air mixing unit for burner assem 
blies coinprising an elongated open-ended body, 
an entrance Section on said body inclusive of 
Side Walls forming a narrowing passage, said body 
including a plurality of expansion chambers of 
successively increasing diameter downstream 
from Said entrance section disposed in Open 
ended relation lengthwise of said body, concen 
tric external, intermediate and inner conduits of 
Selected diameters arranged to provide a passage 
between Said external and intermediate conduits 
and a second passage between said intermediate 
and inner conduits, with a third passage inter 
nally of Said inner conduit, said conduits having 
their discharge ends disposed in spaced relation 
to the downstream end of the entrance section 
of the mixing unit to convey liquid fuel, gaseous 
fuel and air under pressure into said mixing unit, 
an air control member for selective pOSitiOning 
to vary the amount of atmospheric air intro 
duced into Said entrance section, and means for 
Separately varying the pressure head on said 
liquid fuel, gaseous fuel and compressed air to 
maintain a regulated flow of said fuels and air as 
necessary to obtain efficient combustion. 

8. A fuel and air mixing unit for burner assem 
blies comprising an elongated open-ended body, 
an entrance Section on said body inclusive of 
side Walls forming a narrowing passage, said 
body including a plurality of expansion cham 
bers of Successively increasing diameter down 
stream from said entrance section disposed in 
Open ended relation lengthwise of said body, con 
centric external, intermediate and inner conduits 
of Selected diameters arranged to provide a pas 
Sage between said external and intermediate 
Conduits for gaseous fuels and a passage between 
Said intermediate and inner conduits for air 
under pressure with a third passage internally of 
Said inner conduit for the flow of liquid fuel, said 
conduits having their discharge ends disposed 
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in spaced relation to the downstreamend of the 
entrance: section, toy convey: ftels", and air into 
said unit, a nozzle in the end of said external 
conditiit" for controlling the fiów of said fuels and 
air external threads "On the Olter Surface of Said 
external conduit, an air" control disk mounted 
onsaid threads"fort selective positionington said 
conduit to vary the annount of atmospheric air 
introduced into said "entrance section, and means 
för separately“ varying the pressure headifon said 
liquid fuel, gaseous "fuel and compressed air to 
maintain a regulated flow of said fuels and air 
as necessary to obtain efficient"combustion, 

9. A fuel and air mixinguinitforburner a SSein 
blies comprising an elongated open-ended body, 
an entrance section on said body inclusive of 
side walls forming a narrowing...passage and an 
opening, of minimum diameter consistent. With 
the fow requirements...of the mixing unit, means 
for, injecting streams of air and fuel into Said 
entrance chamber at its open... end, said body 
ferming. a. plurality of expansion-chainbers-in 
cluding a first expansion chamber disposed 
downstream from said entrance Section of Sub 
stantially cylindrical shape, a second expansion 
chamber downstream from said first chamber of 
substantially cylindrical shape having an inter 
nal diameter greater than the internal dia.ineter 
of said first expansion chamber, a third expan 
sion chamber downstream from Said Second ex 
pansion chamber of substantially cylindrical 
shape having an internal diameter greater than 
the internal diameter of Said Second expansion 
chamber, constriction members between Said 
chambers having surfaces arranged to form pas 
sages between said chambers having a diameter 
less than the diameter of the next adjacent up 
stream chamber, and a constriction at the dis 
charge end of the last of said chambers providing 
a discharge opening of diameter less than the 
diameter of said last chamber and greater than 
the diameter of the passage through the next 
adjacent upstream constriction member. 

10. A fuel and air mixing unit for burner 
assemblies, comprising an elongated Open-ended 
body having an entrance chamber Open to the 
atmosphere, said body including a plurality of 
expansion chambers of successively increased 
cross sectional area downstream from Said en 
trance chamber, a plurality of constriction 
members between said chambers having Surfaces 
arranged to form passages between Said cham 
bers having a cross section less than the CrOSS 
section of the next adjacent upstream chamber, 
and a conduit means for delivering fuel into Said 
entrance chamber for Subsequent mixing during 
travel through the mixing unit. 

11. A fuel and air mixing unit for burner 
assemblies, comprising an elongated Open-ended 
body having an entrance chamber, Said body in 
cluding a plurality of expansion chambers dis 
posed in Open ended relation lengthwise of Said 
body of successively decreasing length down 
stream from said entrance chamber, said cham 
bers being separated by a constriction there 
between, and a conduit for delivering fuel and 
air to a point of discharge into the entrance 
chamber of Said mixing unit. 

12. A fuel and air mixing unit for burner 
assemblies, comprising an elongated open-ended 
body having an entrance chamber Open to the 
atmosphere, said body including a plurality of 
expansion chambers of successively increased 
cross sectional area, and decreased length down 
stream from said entrance chamber, a plurality 
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14 
of constriction:rnembers between:said:chambers 
having surfaces: arranged to form passageSibe 
tween said: chambers having: a CFOSS. Sectional 
area leSS tham the CTOSS Sectional area of the next 
adjacent upstreal: chamber; and a conduiti for 
delivering air; and fuel into the first upstream 
chainber:'Ofsaid mixing unit. 

13. A mixing unit for burner assenglies. Conas 
prising an elongated opera body having inaperfo 
rate Side walls, an entrace; Section, on said body 
arranged to receive streams of air and fielm 
för? injecting i streams of air * and füel into: said 
entrance section atºits open-end, Saidºbody:forme 
ing a plurality of expansion chambers, including, 
a first expansiora chamber downstream from:said 
entrance... section, a.s. second expansion., chataber 
downstream from: said first expansion chamber 

?? cross' Sectional than. Said first 
chamber. a... third: expansion change: downs 
strean frong" said: second expansion change: Of 
greater Cross section dirnension than the internal 
cross-section of, sailisecond chamber, and re 
strictions acting as division members between 
said chambers having Surfaces arranged to form 
passages therebetween having a cross section less 
than the cross section of the next adjacent up 
stream chamber So as to mix Said streams in 
their travel through said chambers. 

i4. A mixing unit for burner assemblies Con 
prising an elongated open-ended body of circu 
lar croSS Section having an entrance Section in 
clusive of side walls forming a narrowing pas 
sage arranged to receive streams of fuel and air, 
means for injecting streams of air and fuel into 
said entrance Section at its open end, said body 
including a plurality of expansion chambers of 
Successively increased diameter downstream from 
Said entrance Section, and a plurality of restric 
tions acting as division members between said 
chambers having a diameter less than the diam 
eter of the next adjacent upstream chamber, said 
passages being of successively increasing diam 
eter doWinStream from Said entrance section so 
as to mix said streams in their travel through 
said chambers. 

15. A mixing unit for burner assemblies com 
prising an elongated open-ended body having an 
entrance Section inclusive of side walls forming a 
narrowing paSSage arranged to receive streams 
of fuel and air, means for injecting streams of 
air and fuel into Said entrance section at its 
open end, said body including a plurality of 
expansion chambers downstream from said en 
trance section, and a plurality of restrictions 
acting as division members between said cham 
bers having surfaces arranged to form passages 
between said chambers having a cross section 
less than the CrOSS Section of the next adjacent 
upstream chamber, Said passages being of suc 
Cessively increasing cross section downstream 
from Said entrance Section so as to mix said 
streams in their travel through said chambers. 

16. A mixing unit for burner assemblies com 
prising an open-ended body of circular cross sec 
tion, an entrance Section on said body inclusive 
of side walls forming a narrowing passage ar 
ranged to receive streams of fuel and air, means 
for injecting streams of air and fuel into said 
entrance section at its open end, said body in 
cluding a plurality of expansion chambers down 
stream from said entrance section of successively 
increased diameter, restrictions acting as division 
members between said chambers having surfaces 
arranged to form passages between the cham 
berS having a diameter less than the diameter of 

  



2,670,788 
15 

the next adjacent upstream chamber, and a con 
striction at the discharge end of the last of said 
chambers providing a discharge opening of diam 
eter less than the diameter of Said last chamber 
and greater than the diameter of the passage 
through the next adjacent upstream restriction 
So as to mix said streams in their travel through 
Said chambers. 

7. A fuel mixing unit for burner assemblies 
comprising an elongated open-ended body having 
an entrance chamber arranged to receive streans 
of air and fuel, means for injecting Streams of 
air and fuel into said entrance chamber to its 
Open end, said body including a plurality of ex 
pansion chambers of successively increased cross 
section downstream from said entrance cham 
ber, said chambers being of substantially equal 
volume, and a plurality of constriction members 
between said chambers whereby said streams are 
mixed in their trave through Said chambers. 

JORN I. MACFARLAINE, 
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