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5. Claims.

The present invention relates to:an improved.
method of and apparatus for burning fuel, par-
ticularly liquid fuel, such as oil, under pressure.

Oil burners which burn oil under pressure and
which areof the type commonly called “gun type”
or “gun burners” derive their name from the
relatively long air blast tube which has the ap-
pearance of a gun barrel.” Such a burner includes
a pump connected to an atomizing nozzle centrally
disposed at the inlet end of the tube for dis-
charging a stream of atomized oil.- A fan sup-
plies a relatively large volume of air to the inlet
end of the tube. An igniter is usually mounted
near the nozzle for igniting the fuel oil and the
velocity of ‘the air stream hlows the fuel oil
through the tube.. Some burning takes place in
the tube, but most of the burning takes place
after the stream of air and fuel oil pass from the
tube into a ccmbustion chamber. . 'These gun type
oil burners are relatively inefficient and are quife
noisy. One cause of this noise is the pulsating
pressure produced in the tube and the combustion
chamber.. Many of these burners include curved

or ‘angularly dispesed vanes or other means at .

the outlet end of the tube to provide a whirling
action in the stream and thereby mix the air with
the fuel oil.- This turbulence is another source of
noise. Insofar as is known, all types of these
pressure type oil burners are guite noisy, and the
main difference between various pressure burners;
insofar as the apparent noise is concerned, is in
the manner in which the furnace is insulated so
as to deaden the noise.

Another difficulty encountered .in operating
pressure type oil burners arises from a tendency
to deposit soobt on any .relatively cold. surface
against which the partially burned gases impinge
or across which the gases flow.. A very slight
variation of the burner controls from.the optimum
settings will result in a-large amount of soot.

Accordingly, it 'is an object of -the present in~
vention. to vrovide an imwvroved -apvaratus. for
burning fuel that will effect better mixing of the
fuel and air and therebv burn- the fuel with:
greater efficiency, that will effect complete com-~
bustion of the fuel in a relatively short com-
bustion: zone, that will prevent the deposition: of
carbon. and that will be guiet.

Another ohieet of the present invention is-to
effect hetter mixine of a. fuel with a eombustion
supnortine gas. such as air, so.as to more quickly
and effiriently burn the fuel in g relatively: short
comhustion zone:

Another ohiect of the present invention is ‘m ;

provide an improved pressure-type liquid fuel
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burner which includes a combustion head, a nozzle
for spraying a stream of liguid fuel into the head
and means . for blowing a relatively smaller -
amount of air into the head along with the fuel.
This. improved burner includes air passages ar-
ranged to discharge a relatively larger volume of
air in the form of relatively high velocity, low
pressure jets or streams into and across the path
of the burning stream of gasified fuel. The low
pressure jets inspire the'gaseous fuel to effect im-
proved mixing of the air and fuel and more effi-
cient combustion. Preferably, the combustion
head contains passage means arranged to main-
tain a-rotary stream of air about the burning

" stream of sprayed liquid fuel while- the fuel is

being converted to a gaseous form to prevent the
deposition of carbon on the inner surface of the
head. The present improved burner operates very
quietly.

These and other objects and advantages of the
present invention will become more apparent from
the following description, taken with accompany-
ing drawings, in-which:

Pigure 1'is a side view, partially in section,.of
a burner embodying the principles of the present
invention;

PFigure 2is a sectional view taken along line
2—2 of Figure 1;

Figure 3 is an end view taken as shown by line.
3—3 on Figure 1; and

TFigure 4 is a fragmentary sectional view taken
along line 4—4 of Figure 1.

The present invention will be deseribed in con-
nection with the burning of fuel oil but its princi-
ples may be utilized in the burning of other liguid
fuels, and, as will be pointed out, at least some
of its principles may be utilized in the burning
of gaseous fuels.

Referring to the drawings showing a preferred
embodiment. of the present invention and illus-
trating a preferred method of burning liquid fuel,
the hurner shown in these drawings is infended
for burning fuel oil fo heat water in a furnace
of a hot water heating system. The burner may
be used with other types of furnaces and heating
systems. .The burner includes an electric drive
motor - 18 mounted on the side of casing 1. A
fuel oil pump 12 is mounted on the-oprosite side
of casing i and has a.shaft 13 connected to
shaft 14 of motor {0 through connector {5. Pump
12 is connected through tube. 18 to a tank, not
shown, or other suitable source of fuel oil and.is
connected through an outlet tube 1T fo the burner
for. supplying oil under pressure upon energiza-
tion of motor 10.
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On the side of casing !, there is mounted a
tube 19 and between tube 1§ and casing {1 there
is a shield 20, shown only in part. The shield 20
may be part of a furnace cover.  In the tube 18,
there is mounted a combustion head 22 of sub-
stantially frusto-conical shape and having an in-
terior surface 23 defining an elongated combustion
chamber 24 having an inlet 25 and outlet 26 at
opposite ends. It is to be noted that combustion
zone 24 has a circular periphery or outline when
cut by a plane normal to the length of the zone.
An annular wall 27 extends supstream from the
combustion head 22 and the upstream end of
wall 27 is closed by a cap 28. The wall 27 and
cap 28 together define a plenum or chamber 29,

In the bottom of casing 11, there is mounted
a tube 3f which extends through cap 28 and has
on its outlet end an atomizing nozzle 32 centrally
arranged in the inlet opening 25 of head 22. The
. tube 31 is connected through tube {7 to pump 12

so that when the motor {0 is energized, oil is
supplied to nozzle 32 under pressure.  Nozzle 32
is preferably of the type which discharges a sub-
stantially conical stream of atomized fuel oil in
the form of finely divided droplets, although a
nozzle which discharges a cylindrical stream may
be utilized. A pair of electrodes 33 are mounted
closely adjacent to nozzle 32 and each is con-
nected through a conductor 35 to a source of elec-
tric current for producing a spark between the
electrodes for igniting the atomized fuel oil.

On motor shaft {4, there is mounted a fan 36.
When fan 36 is rotated by motor 10, air is drawn
into casing (i through an inlet opening 38 and
is forced under pressure into the outer chamber
39. The fan 35 supplies the air for burning the
fuel cil. The air flows from chamber 38 through
opening 43 into a main or fan discharge plenum
42 inside of tube 8. The tube 18 is closed on
the downstream side so that no air can fow
from plenum 42 past the head 22 between head
22 and tube f8. The pressure in plenum 42 is
the pressure developed by the fan 35. In wall 21,
there are a plurality of openings 43 and air flows
irom the main plenum 42 through openings 21
into the primary air plenum 29 and from plenum
29 through inlet opening 25 into the combus-
tion zone 24. Thus, a stream of burning air and
fuel oil is blown into and travels longitudinally
through the combustion zone.

As the burning stream enters the combustion
zone 24 through the inlet 25, the oil is in the form
of small droplets. Enough oil ig immediately
vaporized so that burning is started by the igniter,
electrodes 32. This initial burning heats the
stream of fuel oil and aids in vaporizing or gasi-
fying the fuel oil. Conversion of the fuel oil to
a gas takes times so that as the burning stream
of fuel oil and air move through the initial por-
tion of the combustion zone 24, only a small
amount of fuel oil is burned and most of the
liquid fuel oil is being converted to g gaseous fuel.
As the fuel oil moves through this initial por-
tion and is being only partially burned, there is
2 tendency for the burning stream to deposit
carbon on any relatively cold surface which the
stream contacts. In addition, there is some tend-
ency for the initially burning stream to heat the
combustion head. While the burning stream will
tend to heat the head sufficiently to shorten its
life, the head wil be relatively. colder and the fact
that the head is heated will not eliminate the
tendency for coke to be deposited on the internal
surface of the head. )

In order to prevent the deposition of coke and
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to prevent overheating of the head, a blanketing
stream of air js rotated transversely about the
burning stream. This blanketing stream of air
rotates about the periphery of the burning stream
adjacent the inner surface 23 of head 22. The
axis of rotation is the longitudinal axis of the
combustion zone as well as the longitudinal axis
of the stream extending in the direction of
movement through the combustion zone. A pre-
ferred means of providing such a blanketing
stream of air is shown in the drawings. Extend-
ing about the inlet end of head 22 and connected
to wall 27 is a wall 45. Wall 45, wall 27 and head
22 together constitute wall means defining a
scavenging air plenum 486.

Wall 45 contains a plurality of ports 47 com-
municating with plenums 42 and 48 so that air
flows from plenum 42 into plenum 46. The com-~
bustion head wall is provided with a vlurality of
passages 49 arranged in banks 48. Referring more
particularly to Figure 4, the passages 45 are simi-
lar and only one will be described in detail. Hach
outlet passage 49 has an inlet and outlet and ex-
tends tangentially to the inner surface 23 and to
the periphery of combustion zone 24. As shown,
each passage 48 extends in a direction normal to
the direction of travel of the burning stream
through the head. The passages 43 may be in-
clined forwardly toward the outlet 26 so as to
both direct a stream about the periphery of the
combustion zone and also forwardly toward the
outlet 26. With either arrangement, passage 43
is located in a plane tangent to the circular pe-
riphery of the combustion zone and extends in
a direction transverse to the direction of travel
of the burning stream of fuel oil through the
head. A single wide passage may be substituted
for each bank of passages. The bassages 49 direct
a plurality of streams of air about the inner pe-
riphery of the head adjacent the inner surface.
This rotating blanket of air primarily prevents
the deposition of coke on the surface of the head
but also reduces heating of the head. ‘This
blanket of air is subseguently mixed with the
gaseous fuel oil and supports combustion of the
fuel oil, but in the initial portion of the com-~
bustion zone there is a thin layer of substan-
tially pure air next the surface of the head.

The total amount of air discharged into the
combustion zone through inlet 25 and passages
49 is only a small part of the total air required
to complete combustion of the fuel.- The major
portion of the air required for combustion is
added to the burning stream of fuel oil after the
oil is completely or substantially completely con-
verted to the gaseous state. To complete com-
bustion, a large amount of air must be diffused
throughout the gaseous fuel. This mixing or dif-
fusion of gases normally takes a relatively long
time and extends over a long distance of flame
travel. In accordance with the present inven-
tion, the major portion of air necessary to com-
blete combustion is quickly and thoroughly mixed
with the fuel oil and combustion is completed
while the fuel oil moves forwardly only a short
distance. A large number of passages 51 extend
through the wall of head 22 between the banks
48 and outlet 26. Each passage 81 is in com-
munication with plenum 42 and the pressure drop
across the passages is relatively high so that each
passage directs a high velocity, low pressure jet
of air transversely across the burning stream of
fuel oil. Each jet inspirates gaseous fuel oil,
and the air and inspirated fuel oil are thoroughly
mixed and immediately burned. When looking
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at one of these high velocity jets, there is only a
very small-clear cone of air adjacent the passage;
the remainder of the.jeb.is burning. These high
velocity jets draw: in. and. mix with: the fuel oil
so. thereughly that combustion is. complete ox
substantially complete when the stream, of burn-

ing gases passes outlet 26. Flames do not extend:

down the tube 19, and the forward ot downstream
face of the flame will assume the shape indicated
by broken line 52. A very small tip of flame 53
may extend down the center of tubé 19 from the
face of the main flame. - As'shown, each passage

§I extends toward the middle or central axis of

the comhustion zone, but the passages may ex-
tend in a direction transversely of or across the
combustion zone withiout extending- directly to-
ward the axis. The passages 5} may extend in
a direction normal to the-axis of the combustion
zone, - Preferably; the passages 61 are: parallel
to eachrother, :

For purposes of {llustration and not limitation,
there are 12 passages 43, each having a diameter
of 4 of an inch. Thus, the total cross-sectional
area of the passages 43 is less:than the area of
the inlet 28 so that the passages control.the flow
of air past. the nozzle 32.  If desirable, the inlet
25 may be in direct. communication with the fan
plenum 42 or with air frem a. different source, but.
the inlet. 25 would, under such conditions, have to

be more accurately sized. The structure shown ¢

is preferred. Twelve passages 47, each having a
diameter of 134, of an inch, are provided in wall
45 for conducting air from plenur 42 into plenum
46. The tangential passages 49 each have a di-
ameter of 1344 of an inch so that their total cross-
sectional area is greater than the total cross-sec-
tional area of passages 41. With this arrange-
ment, the blanketing air-stream discharged hy
the passages 49 has a relatively: lower velocity
than the jets issuing from passages 5 as the
pressure drop between the plenum 46 and the
combustion zone is less than the pressure drop
between plenum 42 and the combustion zone:
The blanketing air stream has a relatively high
pressure and lower velocity so that this stream
does not tend to inspirate gases as do the high
velocity lower pressure jets from passages 5i.
The pressure drop across the passages 5f-is rela-
tively high so that the air jets issuing from the
passages have a relatively high velocity and low:
pressure. Hach of the passages has a diameter
of % inch, and 72 passages are arranged in each
row. As shown, there are 6 rows of 72 passages:
Thus, by far the major portion of air for eom-

bustion of the fuel oil is discharged through pas-:

sages 51, and only a minor portion of the air is
discharged: through the inlet passage means or
the blanketing or scavenging passage means.
The high velocity jets from- passages 51 may
be used without the scavenging air-blanket from:
passages 49, especially when the fuel is initially
in a gaseous state when discharged into:the:com-
bustion zone.  ‘The-high velocity jets are especial-

ly useful when the blanketing stream is-used, as.

the high velocity  jets mix the gasified fuel ‘oil
with this blanketing air when the jets inspirate
the surrounding gases of the burning stream.

As shown more clearly in: Figure 2, a damper 55.

is-mounted in the casing 11 and includes slots 56
which are inclined. -Screws 51 extend through
the casing (1 and the slots §56. One end 58 of

damper: 55 extends-inside of the fan 36. When

the fan rotates, airis drawn-through the -damper
opening at 59 through the cylindrical damper 55
and forced: into the chamber 38, When it iz de-
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6
sired to change the amount of air flow, the serews
51 may be loosened and the damper turned about
the axis: of rotation of the fan: 36 to move the
damper longitudinally- along this axis to: in-
crease.or-deerease; the portion-of the fan 36 which:
is: blocked by-the end 58. Thus, the rate of air:
flow: and the pressure developed in plenum 42
may:-be readily adjusted.

Suitable. controls may be provided: for auto-
matically operating the burner and these con-
trols may be of any well-known type. When the
motor: 10 is. energized, air is supplied to plenum
42 ‘and . oil is supplied under pressure: to nozzle 32.
Some air flows into. the combustion zone through
inlet 28 along with the atomized oil, and this
stream: of ofl and air is ignited by the igniting
means  including -electrodes 33. The burning
stream moves.through the combustion zone 24 to
the: outlet 26. As: the kurning stream of oil and
air passes through the initial portion. of the:com-
bustion zone, & blanketing air stream discharged
through the passages 49 rotates about the pe-
riphery of the combustion zone and the burning:

- stream - primarily to' prevent the deposition. of
& carbon on the interior surface of the combustion

head 22.  As the stream moves through a sub-
sequent’ portion ' of ' the combustion zone 24, a
large number of high velocity jets are directed
inwardly from the periphery of the stream and
across the stream. These high velocity relatively
lower pressure jets from passages 51 inspire the
gaseous fuel oil, & part-of which has been burned,
to form a combustible: mixture which burns while
the burning stream is- moving forwardly: a. rela-
tively short distance: The hot gaseous products
of combustion move through tube 19 to the stack
and as the gases move: through the tube they
give up their heat to the water surrounding the
tube, and this water may be confined by an:outer
caging shown in part at 60. Combustion is so
complete in the combustion zone that the inter-
nal surface of the tube 19 remains bright and
clean, and carbon is not deposited on-the rela-
tively cold surface of the tube.

In accordance with the present invention, a
burning stream-of fuel oil and a relatively: small
amount of air is discharged into the inlet end of
a combustion zone and moved through the com-
bustion zone at a relatively low velocity. As the
fuel’ oil is being converted to the gaseous form,
a rotating blanket of air-is maintained about the
periphery of the burning stream to prevent the
deposition of coke on-the combustion head defin-
ing the combustion zone. After the fuel oil has
been converted to g -gas, high veloeity, low: pres-
sure streams- of -air are directed inwardly across
the hurning - stream to complete combustion.
These high velocity jets contain a major portion
of ‘the’ air necessary to complete combustion of
the  fuel oil and the jets inspire the gases of the
stream. - No air is added subsequently as com-~
bustion is complete. - The present method of
burning fuel is efficient; and relatively quiet and:
does. not. result in the deposition of carbon on.
any surfaces ‘which the burninhg gases contact.

In the foregoing description, air has been re-
ferred to as being the combustion-supporting gas,
but. it is to be undertsoed that other oxygen-con-
taining gases such as. oxygen-enriched .air or
relatively pure oxyzen may be used. The com-
bustion zone 24 is shown and deseribed as having
a.substantially frusto-conical shape, hut it is. to.
be: understoed that. the-combustion: zone may be;
substantially eylindrical.
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I claim:

1. Apparatus for burning fuel oil comprising
an elongated blast tube, means including a com-
bustion head extending across the tube to pre-
vent the flow of air therebetween past the com-
bustion head which includes a wall defining an
internal frusto-conical combustion zone having
an inlet opening at the smaller end and an oub-
let opening at the larger end, wall means in the
tube defining with the combustion head and the
tube a main plenum on the upstream side of the
combustion head, a fan for supplying air to the
main plenum, an atomizing nozzle centrally
located in the inlet opening for spraying a stream
of fuel into the combustion zone, primary wall
means  defining a primary air plenum at the
upstream side of the inlet cpening, primary air
passages in and extending through the primary
wall means and communicating with primary
and main plenums whereby air flows from the
main plenum through the primary plenum and
then through the inlet opening about the nozzle
into the combustion zone, and secondary wall
means defining a scavenging air plenum aboub
a portion of the combustion head adjacent the
inlet, passages in and extending through the sec-
ondary wall means in direct communication with
the main plenum, a plurality of banks oi scaveng-
ing air ports arranged about the periphery of
the combustion zone, a passage in the combus-
tion head and extending from each port through
the combustion head wall and terminating in an
inlet port in direct commmunication with the scav-
enging plenum, the passages of each bank being
tangent to the periphery of the combustion zone.

- 2, Apparatus for burning fuel oil comprising
an elongated blast tube, means including a com-
bustion head extending across the tube to pre-
vent the flow of air therebetween past the com-
bustion head which includes a wall defining an
internal frusto-conical combustion zone having
an inlet opening at the smaller end and an outlet
opening at the larger end, wall means in the tube
defining with the combustion head and the tube
a main plenum on the upstream side of the com-
bustion head, a fan for supplying air to the main
plenurm, an atomizing nozzle centrally located in
the inlet opening for spraying a stream of fuel
into the combustion zone, primary wall means
defining a primary air plenum at the upstream
side of the inlet opening, primary air passages
inand extending through the primary wall means
and communicating with primary and main ple-
nums whereby air flows from the main plenum
through the primary plenum and then through
the -inlet opening about the nozzle into the com-
bustion zone, secondary wall means defining a
scavenging air plenum about a portion of the
combustion head adjacent the inlet, passages in
and extending through the secondary wall means
in direct communiecation with the main plenum,
a plurality of banks of scavenging air ports
arranged about the periphery of the combustion
zone, a passage in the combustion head extending
from each port through the combustion head wall
and terminating in an inlet port in direct com-
munication with the scavenging plenum, the pas-
sages of each bank being tangent to the periphery
of the-combustion zone, and a plurality of pas-
sages in and extending through the combustion
head wall adjacent the outlet, each having an
inlet in direct communication with the main
plenum, said last mentioned passages extending
in a direction toward the central longitudinal axis
of the combustion zone for directing jets of air
into and across the burning stream of fuel oil.
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3. Apparatus for burning fuel oil comprising
an elongated blast tube, means including a com-
bustion head extending across the tube to prevent
the flow of air therebetween past the combustion
head which includes a wall defining an internal
frusto-conical combustion zone having an inlet
opening at the smaller end and an outlet open-
ing at the larger end, wall means in the tube
defining with the combustion head and the tube
a main plenum on the upstream side of the com-
bustion head, a fan for supplying air to the main
plenum, an atomizing nozzle centrally located

in the inlet opening for spraying a stream of fuel.

into the combustion zone, primary wall means
defining a primary air plenum at the upstream
side of the inlet opening, primary air passages
in and extending through the primary wall means
and communicating with primary and main ple-
nums whereby air flows from the main plenum
through the primary plenum and thenh through
the inlet opening about the nozzle into the com-
bustion . zone, secondary wall means defining a
scavenging air plenum about a portion of the
combustion head adjacent the inlet, passages in
and extending through the secondary wall means
in direet communication with the main plenum,
a plurality of banks of scavenging air ports
arranged about the periphery of the combustion
zone, a passage in the combustion head extending
from each port through the combustion head wall
and terminating in an inlet port in direct com-
munication with the scavenging plenum, the pas-
sages of each bank being tangent to the periphery
of the combustion zone, and a plurality of pas-
sages in and extending through the combustion
head wall adjacent the outlet, each having an
inlet in direct communication with the main ple-
num, said last mentioned passages extending in
a direction toward the central longitudinal axis
of the combustion zone for directing jets of air
into and across the burning stream of fuel oil,
the total transverse cross-sectional area of the
plurality of passages extending through combus-
tion head wall adjacent the outlet being greater
than the total of the transverse cross-sectional
area, of all of said primary air passages through
primary wall means plus the transverse cross-
sectional area.-of all of the passages extending
through the secondary wall means.

4. Apparatus for burning fuel oil comprising
an elongated blast tube, means including a com-
bustion head extending across the tube to prevent
the flow of air therebetween past the combustion
head which includes a wall defining an internal

frusto-conical combustion zone having an inleb

opening at the smaller end and an outlet opening
at the larger end, waill means in the tube defining
with the combustion head and the tube a main
plenum on the upstream side of the combustion
head, g fan for supplying air to the main plenum,
an atomizing norzle centrally located in the inlet
opening for spraying a stream of fuel into the
combustion zone, primary wall means defining
a primary air plenum at the upstream side of the
inlet opening, primary air passages in and extend-
ing through the primary wall means and com-
municating with primary and main plenums
whereby air flows from the main plenum through
the primary plenum and then through the inlet
opening about the nozzle into the combustion
zone, the total transverse cross-sectional area of
the primary air passages being less than the open
area of the inlet, secondary wall means defining
a scavenging air plenum about a portion of the
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combustion head adjacent the inlet, passages in
and extending through the secondary wall means
in direct communication with the main plenum,
a plurality of banks of scavenging air ports
arranged about the periphery of the combustion
zone, a passage in the combustion head extend-
ing from each port through the combustion head
wall and terminating in an inlet port in direct
communication with the scavenging plenum, the
passages of each bank heing tangent to the
periphery of the combustion zone, the total trans-
verse -cross-sectional area of the air passages
through the secondary wall means being less than
the total area of the passages extending through
combustion head wall, a plurality of passages
extending through the combustion head wall
adjacent the outlet, each having an inlet in direct
communication with the main plenum, said last
mentioned passages extending in a. direction
toward the central longitudinal axis of the com-
bustion zone for directing jets of air into and
across the burning stream of fuel oil, the total
transverse cross-sectional area of the plurality
of passages extending through combustion head
wall adjacent the outlet being greater than the
total of the transverse cross-sectional area of
all of said primary air passages through primary
wall means plus the transverse cross-sectional
area of all of the passages extending through
the secondary wall means.

5. Apparatus for burning fuel oil° comprising
an elongated blast tube, means including a com-
bustion head extending across the tube to prevent
the flow of air therebetween past the combustion
head which includes a wall defining an internal
frusto-conical combustion zone having an inlet
opening in. the head at the smaller end of the
combustion zone and an outlet opening in the
head at the larger end of the combustion zone,
wall means in the tube defining with the com-
bustion head and the tube a main plenum on the
upstream.side of the combustion head, a fan for
supplying air under pressure to the main plenum,
an atomizing nozzle centrally located in the inlet
opening for spraying a stream of fuel into the
combustion zone, primary wall means defining a
primary air plenum at the upstream side of the
inlet opening, primary air passages in and extend-~
ing through the primary wall means and com-
municating with the primary and main plenums
whereby air flows from the main plenum through
the primary plenum and then through the inlet
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opening about the nozzle into the combustion
zone, the total cross-sectional area of the primary
air passages being smaller than the cross-sec-
tional area of the inlet opening about the nozzle,
secondary wall ‘means defining a secondary: air
plenum about a portion of the combustion head
adjacent the inlet, passages in and extending
through the secondary wall means in direct com-
munication with the main plenum, a plurality of
secondary passages in the combustion head
extending through the combustion head wall and
terminating in an inlet port in direct communi-
cation with the secondary plenum and in an
outlet port in direct communication with the
combustion zone whereby air flows from the main
plenum - into the secondary plenum and then
through the secondary passages into ‘the com-
bustion zone, the total cross-sectional area of the
passages through the secondary wall means being
less than the total cross-sectional area. of the
secondary passages through the combustion head
wall and a plurality of jet passages in the com-
bustion head wall adjacent the outlet, each of
jet passages having an inlet in direct communi-
cation with the main plenum and an outlet in
direct communication with the combustion zone
and extending in a direction to direct the jets of
air into and across the combustion zone, the total
cross-sectional area of the jet passages being
greater -than the total cross-sectional area of all
the other air passages in the combustion head
whereby the major amount of air discharged
into the combustion zone is discharged through
the jet passages.
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