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This invention relates to a fuel and aifmixs=-

ing-unit for burner assemblieswhich is useful in

obtaining a controlled heatihg pattern and: effi=-

cient combustion.

Many different types of fuel and air mixing:
units or burners have previously-been devised im.
attempts to increase the efficiency. of combustion:
or-to-control the flame pattern. GCenerally most:

of"tHe-previous designs have been based:.on the

theery: that: turbulence is-essential for:the com--
plete: intermixing of fuel’ and air and that:a.
conical’ flame- pattern -is- most- desirable because:

the Hot 'zones of the:fiame-are then concantrated.
Certain' disadvantages: of fuel and:air mixing

units- déesigned’ on. the" basis: of’ the: foregoing"
theory-Have becomeapparent: Onedisadvantage:
of flame patterns-having liot zonesis noted -where:

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 furnaceto the: consequent:
Accordingly:burners that:
develop-a. hot zone:have not been.useful.over-a

damage: of said parts.

wide range:-of “flow. capacities unless:the:furnace
or-fite: box_ was specially: designed to. -accommo+
date:such-a burner:

Insofar-as: the: mixing of’ the:fuel: and: air is
coneerned;. some:- of” the previous: designs: have:
attempted by various: means: to: increase: the:
amount-of furbulence within the mixing unit.and:
outwardly into' the flame- pattern: in the: belief:
that such-inereased: turbulence-was necessary to.

assure:the-complete-intermixing of fuel’ and air.

As: g result: of the:present inventor’s studies,. it
would. now seent: that: many previous:deviees .for
nixing - fuel: and air: have: actually- created .too:
much- turbulence ing the flow pattern: to: assure:

the compléte intermixing-of-thecombustion sup-
porting-products:.

Primarily the complete intermixture of’ fiiel’

and:air-is desired to: increase:thesefficiency: of
combustion. Since maximum efficiency has not

beezn: obtained previously: with: prier types of’

mixing units or burners; it is:evident: that the
intermixture: of fuel and air hasbeenincomblete
or-at léast 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- en: either: side- of - an: optimum operation:
condition. Any:type: of burner which: does:not
operate:at: near- maximum. efficiency over-a-wide-
range--of . operation: levels: does not: thoraughly:
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satisfy the requirements of 'modern firnace; kiln-
and other fire box installations..
In-order to overcome the shortcomings of prior:

 devices, the present inventor has devised g fitel’

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 ad-

. justable exaet proportions-to-assure efficient com--
" bustion.

To provide a'fuel and air mixing unit' in. whieh'
liguid or gaseous fuels' may: be-eficiently inters
mixed: with' air or’ oxygen' without' creating ex<-
cassive turbulence: within or-at the discharge: of”
s2id mixing unit.

To provide a fuel and air mixing unit whiech is
adapted to give:a homogeneous flame pattern;

To provide a: fuel’ and air: mixing unit having:
2. plurality of* successive expansion chambers
adapted’ to- intermix: the fuel and air products:
efficiently: before” discharging’ said’ products:in: a
homogeneous:fiame pattern.

To:provide: a. fuel and air mixing unit having-
successive: chambers of ifcreasing diametear-

 adapted to-efficiently intermix:liquid and gaseous-

fuels»with air-introduced into said’ mixing unit
by. cenicentrically arranged conduits having flow
and pressure-controlling means-associated tHere~

with.

T&. provide: a -fuel burning. arrangement in-
clusive: of' a mixing unil’ having expansion:
chambers cof: successively’ increasing diameter;.
conduit means for carrying fuel to said miking”
unit atapredetermined rate of flow togethei with'
further means:for contiolling the amount of pri-
mearyair introduced; into said mixing: unit” and’
theramount:of secondary ‘air-introduced into the
fire: box through:a cheeker preheatmg systeni:

To providé a fuel and air mixing unit  which:
is: easily: and” economically: manufactured: and’
whichincorporates simple control featires. easily-
operable by the personnel maintaining said mix=
ingunit.

Furtherrobjects and advantages of the present:
inventiorr will berapparent from the appended de~
seription and drowings in which:

Fig. 1 is an'elevation in'partial section showirig”
the general use of the mixing unit of this inven=
tion ih o brick kiln fite box installation ineclusive
of a-secondary air preheatinig system;

Fig. 2'is an’elevation in partial section sHowing:
the feattires of anembodiment of this" mventlon‘
inexzet detail:drawn to: %' seale:

i 348 an elevation in partial seetfon‘. showing

- thesdetails of ‘azfuel and gir conduit arrangerment™
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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 34 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—8 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. ‘FEach 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 flame paftern which
is homogeneous insofar as the dispersion of color
is concerned. By wuse 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 fuel and air

introduced are provided in accordance with this

invention together with means for controlling the
distribution of the aforementioned homogenecus
flame pattern within a fire box, furnace or the
like.

In Fig. 2 the detalls of o first embodiment of :

this invention are shown. In this figure it will
be noted that the inventor provides a fuel and
air mixing unit 1§ having in successive down-~
stream arrangement an entrance chamber {2, a
first expansion chamber {3, an intermediate ex-
pansion chamber {4 and a last expansion cham-
ber i6. As shown, the entrance chamber is pro-
vided with converging side walls {7 of substan-
tially frusto-conical shape. These side walls {7
converge or narrow in the downstream direction
to an opening 18 of minimum diameter consistent
with the desired maximum volumetric Sow for
the particular installation. Beyond the opening
{8 a first expansion chamber {3 having wallg 3
of substantially cylindrical shape is disposed,
and interconnecting the cylindrical walls {3 of
the first expansion chamber {3 and the converg-
ing side walls {7 of the entrance chamber 12 is
a section 21 of expanding diameter to provide a
transition member between the opening {8 and
the cylindrical walls 19. '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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13, 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 upstream
expansion chamber 13. An intermediate expan-
sion chamber likewise having walls 24 of substan-
tially cylindrical cross section is disposed down-
stream from the opening 23 and is interconnected
to the chamber 13 by a continuation of the re-
striction 22 and expands in diameter from min-
imum size at the opening 23 to maximum size
coterminous with the diameter of the chamber
f{4. The diameter of the intermediate expan-
sion chamber {4 is approximately 10 to 25 per
cent greater than the diameter of the next ad-
jacent upstream expansion chamber {8, and the
length of the intermediate expansion chamber
{4 is approximately one and one-half times the
diameter. :

At the downstream end of the intermediate
expansion chambers another restriction 26 is
likewise provided to narrow the passage through
said intermediate chamber 14 to provide an open-
ing 27 of diameter greater than the opening 23
and less than the diameter of the intermediate
expansion chamber 14. 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
diameter interconnects the intermediate cham-
ber 18 and the walls 28 of the last chamber {§.

The diemeter of the cylindrical expansion
chamber #¢ is spproximately 1.2 times the diam-
eter of the intermediate expansion chamber (4
and the length of the last chamber 1§ is approxi-
mately 1.2 times the diameter. At the terminal
end of the last expansion chamber I§ 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 27 but less than the diameter of
the adjacent upstream expansion chamber 15.

Besides the ratios and proportions already set
forth, it should be noted that the successive open-
ings 18, 23, 27 and 3! are of successively increas-
ing diameter in the downstream direction. The
expansion chambers are of successively increas-
ing diameter in a downstream direction from the
entrance chamber 12 and of successively decreas- -
ing length. In all instances however, the sizes
of the openings {8, 23, 27 and 31 are of smaller
diameter 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 {1 is
preferably used in conjunction with apparatus

5 for delivering gaseous fuel into the mixing unit

{i 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 38 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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31.is  drilled:through: the-plug:36:so:that:the gass--
eous:fuel -being carried: by the-conduit-32:is:des.-
livered: through-the orifice 31 intortherentrance:

section {2 of themixing unit 1

In:order-to regulate: the-amoumt: of gas-and:aiv.
being introdueced: into  the mixing -unit-.so:as: to.
obtain. the-correct proportions necessary for-ef--
ficient; combustion, separatemeans:such.as: valves:
or.the like:(not:shown): are provided on.thergases-
ous fuel infroducing. pipe:32: to-control the. flow:
and pressure: of* fuel: through .the: pipe:32 -and-
orifice:37. While other-means:may: be.used to:
accomplish the:same:result, the-inventor -prefers:
to-mount & primary: air-control: disk-on:thesexs:

ternal:surface of the.pipe-32.for:adiusted move=

ment toward-and away from:-the:;entrance open=.
ing:38 of the entrance.chamber:{2.  To.accom::

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 pipe32. The air control disk.
39 is preferably a member having a fiat disk shape:
ofsize larger-than the entrance opening:38 and
a.boss:42. The boss:42 and the central portion:
of the. disk 89 is: provided with an: opening. &3
having threads 44 therein for mating engagement

25

with the threads 41 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:inwardly. or-outwardly with
respect. to the entrance opening 88. When the-
disk-is movedaway from the entrance opening 38
the :opening .A5-of.cylindrical: shape-between the:
disk:39 and the entrance opening: 38 will be in-.
creased toallow an: increased:amount:of-air to-
flow-into-the-entrance :section:. {2: of 'the mixing:
unitofi. .

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

@
4
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11 is-supported.by a stand 47 so. that:the downs-

stream opening 3{ in the last expansion-chams
ber :16:discharges through an-opening 48 :in ;th.e:;
exterior wall 49 of:a-fire box 5i..
32 is interconnected .with:a:fuel supply pip.e.:52;~:.
and & valve:53 previously mentioned is:provided

to control the:flow of:‘fuel:into and:ithrough: the:

conduit 32. Beyondthe valve 53:in a.downstream:
direction the conduit 32:is: provided:-with a:tap:

54, a:valve ;56 and:a pressure gauge.:5T- useful in:

determining and: controlling -the: delivery: press:.
surerof the gaseous:fuel being used:. Aspreviougs:

The - conduit -

,:;

50

Iy explained the air control disk- 39 :is:mounted::

for-adjusted: movement: along the conduit-282:to:
vary -and. control the -ameunt of primary-airin=-
troduced info: the mixing unit ..
itself which. is: in-this ficure:shown: as:being:ens..
closed:within e kiln 58 is provided:with azgrate 59

and.a mass of ‘broken fire:brick 61 orother simi=.
lar'material which separates the fite:box:54:from..
a secondary air-entrance channel:62. The.chan=.

nel 62-is connected with-a: header-63. which:is:inx.
terconnected to- a-conventional type:of:blower:
(not- shown) so-that-seeondary air: will besin=.

55.

ThHe firexbox: -

troduced- into the-fire:box 51: through: the header:

§3 and. channel 62 and upwardly -through the:
broken brick 8t and grate: 5% to-further .control
the- placement. of the flame:pattern: within: the:

fire box: 51 and to preheat the secondary air by 7

means of -its passage: through the:checker-like.
system . provided: by: the.: broken: brick: 61;. By:
means of this arrangement:when:the:amount .of:
fuel.ang air introduced through:the:mixing unit:
I L.is-increased; the.flame: pattern: emitting:from:-

ol

75

- désten- similar-to that-deseribed:Have been-used:

C g 3T

6‘6\
the: discharge -opening- 31 :eanbe :controlled: so:
that: ity will:'nat: impinge:upon. the. fire: wall. 64
with -sueh: intensity: as. to..destroy: the. fire<wail:
Since: therflame-pattern. emitted. by the mixing::

P

= units L+ issubstantially homegeneous..in .charaes:

ter.and;since:there.are.no-marked hot-zones :in:
the-flame pattern, this.control:of:the-placement:.
of the:flame:pattern-is:possible:without-endanger-: .
ing;any;of: the.other:parts, such.-as:the:roof: (not:

i'shown). of the:kiln. Likewise: with: this:type:of:

burner:the -placement: of the-flame pattern:can:
be: controlled: in: furnaces,:ovens; open hearths;:
soaking:pits and-the:like to:prevent the:destrucs:..
tion::of: parts within:such units:due-to: the:con= -

‘centration:of-heat:

The exact character of: the flanmxe-pattern-emits:
ted:by the mixing.unit: | should perhaps-bemore::
fully:- deseribed.  If has.-been: written-that:; this:
flamespatbernsis-hemogeneous:. By this term:ther

inventor-intends to. convey:-the:impression: that:

thereare:noe marked: physically apparent-demans:
cations ofMame pattérn whichhmight be.charac
terized: as oxidizing, reducing-or as:a:hotzzone:.
Instead: the: lame ;emitted: fromy. the: discharge::
opening: 3§ is. of ‘elongated’ substantially - eylins..
drieal shape of slightly increasing -diameter away:
from:the discharge opening:31. Throughont the::
visible:portion of:the. flame: pattern the intermix=-
ture:of colors:such .as:the:characteristic reds;.

%iblues, greens-ete: is:even,. or:-in:other words:the:

flame patternishomogeneous:since-the:dispersion:.
of:such.characteristic. colors:is: complete:.:

While: the: complete: dispersion:of: flame:colors::
issnot:eonclusive to prove:that thereis:a-completes

> intermizture: of:fuel and air, such results-coupled:

with flue gas.analysis:results:showing:a maxinyumny:
efficiency. are:conclusive: to :show: that ‘the-intenw...
mixture: accomplished: by ‘the-inventor’s: type-of:
mixing-unit is: complete: and ‘may -be-regulated:
in:exact: proportion-to. establish:maximum coms..
bustion: efficiency. In-a .brick-kiln: installation:
this:typesof mixing: unit:has made-it.possible to:
obtain: consistent: results-showing -not:over - of+"

‘1 per-centrexcess:oxygen with' no.combustibles-in:
» the:flte -gas -analysis:

In-the-same-installation:
mentioned’ when. mixing units of the described:
type: are-installed; the-saving:in:fuel was-better:
than: 40 per-cent; and: since a- more-intense: Heat:
was-possiblerih-a-sherter period of time the-prox
ductionrcapacity-of the- plant was-increased:and
the«fiiel cost per thousand:bricks-was effectively:
cut-in:Half; While it' is:admitted:thiat: these:res.
sults.are-perhiaps-unusual; they are-evidence=ofs
the- possibilities- itherent-in- the-inventor's-type::
of‘design.: :
‘Bésides-the-gaseous-fuel:andaii: installation-as::
shown: in Figs: 1 and- 2% it has:been: found rthat::
the-present:type-of mixing-unit-is adaptable tow:
otherfuel burning applications. Actually units.of

to- intermix- gaseous; liguid ‘and: selid fiels: withix
air undey-pressure-and ‘at-atmosplieric- pressures:
In:all instances-the results-have. shown:that the:
fuel and aif intermixture obtained is suitable for-

2-the attainment of maximum or-near-maximum:

combustion efficiencies:

Ancarrangement for: the:efficient: intermixture:
oftgaseous and:liguid:fuels withiair-under ‘pres«.
sure«ang’ st atmospheric: pressure -is:. shown: in-
It this fgure armixing-unit {1 is: pros:-
vided of:form-and shape substantially:as:shown:.
in-Fig. 2:having:an:entrance:chamber:{ 2. and;an:
entrancer opening: 38 asc previously:: described:
Thieessepgrate:concentric:conditits:are - arranged
within ar-adjacent:to:the entrance section:of :the:
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mixing unit {{ 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 86 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 9. A gas conveying
conduit 7f interconnects with one opening of the
T to form the outermost of the conduit members.
The outer surface of this conduit 71 is provided
with threads 72 for the reception of an air control
disk 35 of shape, size and purpose corresponding
to that previously described. As before, move-
ment of the confrol disk 3% toward or away from
the entrance opening 388 decreases or increases
the amount of air introduced into the entrance
chamber 12 at atmospheric pressure. A tapped
plug 713 is provided in the third or remaining
opening of the T fitting, and a conduit 74 having
an outside diameter that is less than the inside
diameter of the outer conduit 7! is connected
through the tapped plug 73 and disposed coneen-
trically within the outer conduit 7¢ so as to pro-
vide a passage 7§ through which the gas intro-
duced into the T by the pipe £8 may be conveyed
toward the orifice opening §7. One opening of a
second T 77 is interconnected to the outer end of
the conduit 74 and an air delivery pipe 13 is in-
terconnected into another opening of the T TT.
A tapped plug 78 is disposed in a third opening of
the second T 77 and an inner conduit 8¢ is con-
nected through the tapped plug 72 and disposed
within the conduit 74 to convey oil to the orifice
€7 and into the entrance section {2. The outside
diameter of -the conduit 81 is substantially less
than the inside diameter of the conduit 74 so that
a passage 82 is provided between the conduits 8!
and 78 through which air under pressure may be
introduced for passage to and through the orifice
€7 and into the entrance chamber {2. Thig 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-
ficant that the infermixture of the separate types
of fuel is so complete that the resulting flame pat-
tern is stiil homogeneous and the flue gas analyses
show corresponding efficiencies. By the -use of
valve members on the separate pipes 68, 18 and
2 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{’ is provided with an entrance chamber
12’ and a plurality of expansion chambers 13,
{4’ and 16’. As in the previous arrangement the
expansion chambers are successively of increas-
ing diameter in the downstream direction. Fur-
ther the side walls {7’ of the enfrance chamber

{2’ narrow to provide an opening 18’ at the mini-.

mum diameter of said entrance section. The

10

15

20

30

40

50

60

70

walls {9’ of the first expansion chamber 13’ are
substantially cylindrical in shape and a section
21" of expanding diameter interconnects the
opening 18’ with the walls 19’ of the frst ex-
pansion chamber 13’. Adjacent the downsfiream
terminal end of the expansion chamber {3’ a re-
striction 22’ is disposed to provide an opening 23’
of diameter smaller than the diametfer of the
expansion chamber [3’. The actual form of the
restriction 22’ is different than 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 maximumn size equal to
the diameter of the expansion chamber 3’ to a
minimum size egual 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
relatively sharp transition from the diameter of
the opening 23’ to the infernal diameter of the
walls 24’ of the intermediate expansion cham-
ber 14'. : :

A restriction 28’ is likewise positioned adjacent
the downstream terminal end of the intermediate

xpansion chamber 14’. The censtruction of the
restriction 28’ is similar to that of restriction 22’
inasmuch as it provides for a gradual reduction
in internal diameter from the diameter of the
walls 24’ to the diameter of an opening 27’ sepa-
rating the intermediate expansion chamber {4’
from the last expansion chamber {§’. Down-
stream from the opening 27’ the walls of the re-
striction 2%’ have an expanding diameter to effect
2, smocth but relatively sharp iransition from
the diameter of the opening 27’ to the internal
diameter of the walls 28’ ¢f the expansion cham-
ber i5'. A further restriction 28’ is disposed ad- -
jacent the downstream terminal end of the ex-
pangion chamber {8’ to narrow the passage there-
through and to provide a discharge opening $1’ of
dizmeter less than the inside. diameter of the
walls 28’. Restriction 25’ is formed similarly to
the restrictions 22’ and 25’ inasmuch as its walls
are adapted to provide g gradual transition be-
tween the diameters of the external walls 28’
and the discharge opening 31{’,

As in the previous embodiment the diameter
of the expansion chamber {8’ is greater than the
diameter of the opening 18’. Purther the expan-
sion chambers 13’, {4’ and I8’ are of successively
increasing diameter in the downstream direction
and the diameters of the openings {8°, 23’, 271’
and 3{’ are likewise of successively increasing gi-
ameter in the downstream direction. Again each
of the separate openings {8/, 23’, 27’ and 3{’ are
of less inzide diameter than the next adjacent
upstream chamber, Essentially the differences -
between the embodiments shown in Fig. 2 and
Fig. 4 are concerned with providing transition
shapes between the separate expansion chambers
that more nearly conform to the shape of con-
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 intermiz-~
ture without establishing excessive turbulence.

Figs. 5, 6 and a portion of Fig. 4 show the de-
tails and arrangement of a separate type of fuel
and air feed and control. In Pig. 4 it will he
noted that the enirance end 83 of the mixing
unit 11’ is provided with a flat face & and the
side walls i7’ of the entrance chamber {2’ are
turned to provide a cylindrical face 8§. These
machine faces are provided so that they may be *
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seeurely ‘engaged in cooperative mating surfaces
87 of ‘g spider member 88 As shown in Fig: 6
the spidér 88 is provided ‘with-an outer ring: 89
having- the- aforementioned - mating  surfaces 87
cut-on -the immer face thereof. Web members §1
interconnect a-central hiub 82 with -the ring-£§
so'as to provide openings 98 communicating with
the“entrance chamber {27 Sét-screws §44ih the
ring §% are adapted to-secure the-spidsr memper
88 to the mixing unit 11" and'the huly 8% provides
an ‘opening 84-in which the fiel and air feed con-
duits are received.

A*separate sarrangement for the fusl and-air
féed conduits is'shown iw'Fig, b and i & portion
of "Flig. 4 where-it will -again be noted that the
applicant provides:a phirality of ‘coticenirié con=
ditits 93, 8% and 98- fvr Injrodueing gas; ajr andoil
respeetively into:the -entrance cnﬂmber of the
mixing unit {1, The cutermost of the conduits
95715 supported in concentric position within tHe
edtiance chamber-{2’ Ly tha sbider: 837 and its
inner: end is provided with threads 8§to-receive
a-reducer miember 8%, the outer-end of which' is
pattially ‘closed by a*plug (8% havitig an orifice
opening-108 therein: As inthe previous embodi<
ment; adjusting threads: (8§ are provided-onx -thie
outer: surface: of: the conduit 86-for engagement
by the'threads:i86:of the-air ‘control disk 38’. By
means of ' this ‘arrangement the-air ‘eontrol disk
387 may be-moved to adjusted ‘position along the
conduit 88-to increage-or ~deerease the ‘erozs-sec+
tional ‘area-of ' flow- past-the air control disk- 3§
and thesspider 88‘and into'the entrance ‘chaniber
12’. Accordingly a-correspondinglyaccurate con-
troliof: the amount-of -atimospheric-air introduced
intos-the-mixing unit is:lilkewise - possible - in - this
embodiment.

The outer -ent iof-the ‘conduit 98 is-secured in
ohe:opening of-a-cross-{05: A-gassupply pipe 103
having: arvalve | 81 -thereon for thie-control of ‘gas
through the pipe 4 88is:secured-in a-second open=
ing-of ‘the-cross-185 in such-manner:that the gas
introdueed: through : the- pipe 105 will: flow  di«
reetly-into the cross:1852and through -a passage
08 :between the conduits:8§-and 87 inbto the en<
tranee. chamber- {24, Conduit'-$71 which-is diss
posed coricentrically withisy conduif 9§ isheldin
sueh:concentric positioniby:a tapped plug-i68:in
a-third:openifig of thecross 465. Theair flowing
through-the:conduit 97, however;.is introduced
through a-pipe:{ [ { passing through 'z tapped plug
{ {2 disposed :irthe fourth -opening of the: cross:

Fipec 111 is:likewise provided: with . as.valve: 113
adaptedito control theiamount ‘of air-introduced

through the pipe:lii:andthrough a-passage-l 4
between the:conduits: 87 and ¢87into the entrance
chamber:12’. In.order:tormake this arrangerment
possible: the pipe 111 is threaded into a Tisection
115 welded at right-angles:to the.conduit-33: The
outer.end.of the conduit-871:has:a reducer: § 17 se-
cured thereto, and conduit 98 is threaded for pas-
sage through the-smaller: end of -the reducer: {11.
Acvalve.118.is provided on the conduit 98:40 con~
trol. the. flow of oil. through the: conduit- 88;
through o metering orifice {20 dispesed- in.the
inner end of the:conduit.58 and into the-entrance
chamber {2’..

By means -of. the -fuel.and air flow: control ar-
rangement . last. deseribed, the inventor: is.-able
to. control. the:exact-proportions of. fuek.and. air
introduced into the mixing unit ti1‘. With such
control and with. the-intermixing. features.-of:the
mixing- unit- { {, the-inventor.is: -able:to.-maintain
highly-efficient combustion having:the-advantages
previously. described..
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The high level of efficiency possiblé with mix-
ing units ‘:made’ according to-the designs of the
present | invention -is - indicated’ by the-following
data’ of mixing units:similay: to-those shown’ in
Figs: 1-and 2 in-a conventional silics: fire’ brick
baking operation: In one‘specifie’ installation g
brick: kilir-having -an inside diameter -of approxi=
mately 34:féet. was: providéd: with - eight’ mixing
uhity substantially -as shown i Figs: 1'and 2.
This-déwn -dfaft periodic-type-of kiln-having g
capacity of ‘approximately 100,060 niine inch fife
biigk was-charged to capacity ‘and sealéd. For
the first ninety-six-Lours the-miking-unit {1 was
provided with an orifice 31 having an-opening %
offaniineh v:diamster, -During the fitst twenty-
f6ur hours: the-mixing inits-were-operated: with
a 6 ounce pressure on the natural gas feed. With
the-air-control ‘disk-38<adjusted to:givé~efficient
combustion’ approximately 75,000 -cubic feet- of
gas were used ‘and:a temperature-of660% B was
attained- at’ the  end  of * the: twenty-four- hotr
hour'period. PFér the next twenty-four hours 12
ounices 'of-‘gls pressure-was-used and ‘correspond=
ing-changes were maéle-in the positioning- of the
air- control- disk: to-assure--coniplete combustion
of ‘the-greatéer-amount of ‘fuel. During this’sec«
ond - twenty=four® hour petiod approximately
123,000 clibic feet of gas:were used-and a*tems
peratiire of 1320° F. was ‘obtained.:

During: the -third: tWwenty=four houtr period 20
ounces'of pressure'wasused on the gas'supply-and
the-amount -of primary air was iilcreased‘to give
efficient combustion. During this-third twenty-
four hour period approximately 163,000 cubic feet
of gas-was-burned and a-temperature of approxi:
mately-2,000° . wasobtained: Duringthe fourth
twenty-four hout period, four pounds; four-ounces
gas pressure -was-utilized’ to burn-approximately
317,000 cubic-feet of gas bringing -the kiln to-a
temperature of-approximately-2400> F

After: ‘ninety-six-hours elapsed time’ the -orifice
37" waschanged to ‘providé an-opening s -of ‘ah
inch - in- diameter: W1th this- orifice” size; two
pounds, four-ounces of ‘gas-pressure was-used- for
thenext twenty-four holirs to'burn approximatety
443,500 cubic feet'of gas and to obtain a‘tempera=
ture of  approximately 2650° F.- After a-total
elapsed ‘time of ‘120 hours ‘the gas:pressure wads
inereased to three pourds-per-square-inch -for a
period-of ‘twenty<foui hours-during- whick tinre
approximately 511000 cubic’ feet- of gas- was
burned” Atthie end-of‘thislast'twenty<four-hour
period a- temperature-of 2750°°F." had ' been ob=
tained within‘the kiln. Ag“soon as-this tempera-
ture was‘obtained the-gas-supply was cut-off ‘ahd
the-bricks' wereleft‘in‘the kil without-additiénal
heat-for fourteen days. ‘

Diring- the entire” heating-cycle -a* total -of *ap-
proximately 1,632,000 cubic feet'of ' gas washurned:
In connection with™thiese total figures-it: should
benoted that the kil installation mentioned ‘was
located’ at'an altitude of -aproximately -5;000" feet
and the heating value of“the natural gas used
wag necessarily redticed by such conditions:

Fronithe foregoinig figures when taken together
with results. previotisly mentioned it" should” be
apparent . that the. preSent device fully satisfies
the objects enumerated. While.ssparaté embodi-
ments of this inverition have been shown and de-
seribed, it. ds-readily. apparent-that-the invention
is -adaptable to modifications..and.changes. All
such modifications. and changes-as-are within. the
scope- of : the: hereunto: appended claims- are
deemed to.be a-part of ithis invention.




2,870,788

11
. What is claimed is: : i :

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 ab 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 hody 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 cham-
ber at its open end, said body including a plurality
of substantially cylindrical expansion chambers of
successively increased diameter dewnsiream 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 o a diameter less
than the diamster of the next adjacent upstream
chamber so as t0 mix said streams in their travel
through said chambers.

3. A mixing unit for burner assemblies com-
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 reiation 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 t0 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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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 enfrance section for selective
movement along said conduit to vary the quan-
tity of air infroduced 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 asseni-
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-
irance section for discharging gaseous fuel into
the upstream end of said mixing unit, a concen-
tric intermediate conduit disposed within said
first conduit and having its discharge outlet
within said first conduit, an inner conduit dis-
posed concentrically 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 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 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 eiongated open-ended body,
an enfrance section on said body inclusive of
side walls forming a narrowing passage, said
body including a plurality of expansion cham-
kers of successively increasing diameter down-
stream from said entrance section disposed in
open ended relation lengthwise of s2i¢l 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 eonduit for the flow of liguid fuel, said
conduits having their discharge ends disposed
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inispaced relationsto thie dowarstfeam-end of the
entrance -section. to: convey: fuels- and air into
said unit, a nozzle in the end of said external
conduitfor. controlling the fiéw of said frels and
air; external threads-on-the outer-surface of said
external conduit, an-aii~ control” disk mounted
on'sai@ threads for selective positioning on said
conduit to-vary the amount’ of atmospheric air
introduced: into-said enirance section, and-means
for-separately varyingthe pressure head-on said
liquid: fuel; gaseous fuel and ‘compressed- air-to
maintain g regulated-flow of said fuels andair
asnecessary to obtain-effictént-combustion:

9. A'fuel and air-mixing unit'for burnerassem-
blies "comprising an-elongated’ open-ended-oody,
an entrance sectionr on suid- body inelusive: of
side walls forming a.narrowing: passage and an
opening- of minimum diameter consistent. with
the: flow requirements.of tHe mixing unif, means
for: injecting streams of air and’ fuel’intd. said
entrance chamber at.its: open. end, said  body
forming. a.-pliurality of expansion.chambers;.in-
cliding a fifst’ expansion charber 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 diameter
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 thanh 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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of “constifetion: raembers between-saidschinmbers

having surfaces: arranged’to- form: passages:bes
tween  said: chambers: havihg: a- cross: sectional
ares leéss thaw the crossisectional-ares:of ‘the next
adjacent’ upstream-chamber; and aconduit:for
delivering. airf+and:fuel” into: the: first: upstream

chamber-ofsaid mixing unit:.

13. A mixing unit for burner assemblies:-com=
prisinig-an elongated open:body-having: imperfo-
ratersidé walls; an-entrance section.on saidbody
arranged toreceivestreams of airand fuel;hieans
fore injecting: streamscof Toit- and: fuel: into:said
entrance section at its -opern-end, said: body-fornis
ing asplirality-of expansion chambers, ineluding,
a-fi¥st expansion chamber-downstream: from:=said
entrance- section, & segond : expansion . chamber
downstream: from: saidofirst expansion :chamber

frgreater:-internal cross:section: than. saidifrst
cliamber; . as thi¥rd" expansion: chamber: dowir
streawm . frony” said: secend’ expansion: chambet: of
greater cross section dimension than the internal
cross- seetion- of- saidisecond chamber, and re-
strictions acting as division members bhetween
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.

14. A mixing unit for burner assemblies com-
prising an elongated open-ended body of circu-
lar eross 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 downstream 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 g,
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 arrahged 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 fravel 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
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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.

17. A fuel mixing unit for burner assemblies
-comprising an elongated open-ended body having
an entrance chamber arranged to receive streams
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 {ravel through said chambers.

JOHN L. MacFARLANE.
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