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COMBUSTOR

Related Applications
This application claims the benefit of U.S. Application No. 15/358,221, filed

November 22, 2016, the entirety of which 1s incorporated herein by reterence.
Technical Field

The 1nvention relates to a fuel burner and, 1n particular, relates to a combustor
for a heating apphiance or gas turbine engine that imparts a centrifugal force upon
combustion air or a combination of air and fuel.

Background

Gas turbines, also referred to as jet engines, are rotary engines that extract
energy from a tlow of combustion gas. They have an upstream compressor coupled to a
downstream turbine with a combustion chamber 1n between. There are many different
variations ot gas turbines, but they all use the same basic principal.

Jet aircraft are usually powered by turbojet or turbofan engines. A turbojet
engine 1s a gas turbine engine that works by compressing air with an inlet and a
compressor, mixing fuel with the compressed air, burning the mixture 1n the combustor,
and then passing the hot, high pressure gas through a turbine and a nozzle. The
compressor 1s powered by the turbine, which extracts energy from the expanding gas
passing through 1t. The engine converts energy 1n the fuel to kinetic energy 1n the
exhaust, producing thrust. All the air ingested by the 1nlet passes through the
compressor, combustor, and turbine.

A turbofan engine 1s very similar to a turbojet except that it also contains a fan
at the front of the compressor section. Like the compressor, the fan 1s also powered by
the turbine section of the engine. Unlike the turbojet, some of the flow accelerated by
the fan bypasses the combustor and 1s exhausted through a nozzle. The bypassed flow
1s at a lower velocity, but a higher mass, making thrust produced by the fan more
efficient than thrust produced by the core. Turbofans are generally more efficient than
turbojets at subsonic speeds, but they have a larger frontal area which generates more
drag at higher speeds.

Turboprop engines are jet engine derivatives that extract work from the hot-
exhaust jet to turn a rotating shaftt, which 1s then used to spin a propeller to produce

additional thrust. Turboprops generally have better pertormance than turbojets or
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turbotans at low speeds where propeller efficiency 1s high, but become increasingly
noisy and inetficient at high speeds.

Turboshaft engines are very similar to turboprops, ditfering in that nearly all of
the energy 1n the exhaust 1s extracted to spin the rotating shatt. Turboshaft engines are
used for stationary power generating plants as well as other applications.

One problem associated with gas turbine engines, especially 1n aircraft, 1s the
possibility of flame-out, which occurs when the flame becomes extinguished within the
combustion chamber. One of the causes ot flame-out 1s 1nstability of the flame front
within the combustor. Since engine failure during tlight 1s clearly problematic, it would
be advantageous to construct a gas turbine engine such that the possibility of flame-out
was reduced. For stationary power generating systems there 1s a need for reduced
emissions, primarily NOX, 1n order to meet newer, more stringent clean air
requirements.

Additionally, power burners of various types have been 1n use for many years.
“Nozzle mix” or “gun style” burners are those burners that inject fuel and air separately
In some manner so as to provide a stable flame without a ported flame holder
component. Other types of power burners use some method of pre-mixing the fuel and
air and then delivering the fuel-air mixture to a ported burner “head”. These “heads™ or
“cans” can be made of a variety of materials including perforated sheet metal, woven
metal wire, woven ceramic fiber, etc. Flame stability, also referred to as flame
retention, 1s key to making a burner that has a broad operating range and 1s capable of
running at high primary aeration levels. A broad operating range 1s desired for
appliances that benefit from modulation, 1n which the heat output varies depending on
demand. High levels of primary aeration are effective in reducing NOy emissions, but
tend to negatively impact flame stability and potentially increase the production of
Carbon Monoxide (CQO). High levels of primary aeration (also referred to as excess air)
also reduce appliance efficiency. There 1s a need 1n the art for a fuel burner that reduces
the production of NOy while maintaining flame stability. Even more desirable 1s a

burner that produces very low levels of NOy while operating at low levels of excess air.
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Summary of the Invention

The present invention provides a new and improved method of combustion and
a combustor or burner that can be used 1n a jet engine, as well as other heating/burner
applications such as a heating appliance or gas turbine engine.

In accordance with an aspect of the invention, a fuel burner includes a tube
extending from a first end to a second end and having an outer surface and an inner
surtace defining a central passage. The central passage 1s supplied at the first end with a
mixture of air and combustible fuel pre-mixed upstream of the tube. The second end 1s
closed by an end wall 1n a fluid-tight manner. The tube includes fluid directing
structure for directing the pre-mixed mixture radially outward from the central passage
to an exterior of the tube such that the pre-mixed mixture rotates radially about the
central axis along the exterior of the tube.

In accordance with another aspect of the invention a fuel burner 1ncludes an
outer tube extending along a central axis from a first end to a second end. The outer
tube 1ncludes an outer surtace and an 1nner surface defining a passage. The outer tube
includes fluid directing structure having a plurality of openings and a guide associated
with each opening. An inner tube extends from a first end to a second end and 1s
positioned within the passage of the outer tube. The 1nner tube 1includes an outer surtace
and an 1nner surface defining a central passage. A fluid passage 1s defined between the
outer surface of the inner tube and the inner surtace ot the outer tube. The central
passage 1s supplied with a mixture of air and combustible fuel pre-mixed upstream of
the 1inner tube. The 1inner tube has fluid directing structure for directing the pre-mixed
mixture radially outward from the central passage to the fluid passage such that the pre-
mixed mixture rotates radially about the central within the fluid passage. The fluid
directing structure on the outer tube 1s supplied with the pre-mixed mixture and directs
the pre-mixed mixture radially inward to the fluid passage to mix with the pre-mixed
mixture from the fluid directing structure on the 1nner tube. A first end wall closes the
second end of the inner tube 1n a fluid-tight manner. A second end wall secures the first
end of the 1nner tube to the outer tube 1n a fluid-tight manner such that the tluid
directing structure on the inner tube provides the only fluid path from the central

passage to the fluid passage.
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Additional features and a further understanding of the invention will become
apparent by reading the tollowing detailed description made 1n connection with the
accompanying drawings.

Brief Description of the Drawings
S Fig. 1 1s a schematic 1llustration of a combustor for use 1n a jet engine 1n
accordance with an aspect of the present invention;

Fig. 2A 1s a section view taken along line 2A-2A of Fig. 1;

Fig. 2B 1s a section view taken along line 2B-2B of Fig. 1;

Fig. 3A 1s an enlarged view of a portion of a fluid directing structure

10 constructed 1n accordance with a preferred embodiment of the invention;

Fig. 3B 1s a section view of Fig. 3A taken along line 3B-3B;

Figs. 4A-4D are enlarged views of portions of alternative tluid directing
structure 1n accordance with the present invention;

Fig. 5 1s a schematic 1llustration of an alternative combustor for use 1n a jet

15 engine 1n accordance with another aspect of the present invention;

Fig. 6A 1s a section view taken along line 6 A-6A of Fig. 3;

Fig. 7 1s a schematic 1llustration of an alternative combustor for use 1n a jet
engine 1n accordance with another aspect ot the present invention;

Fig. 8A 1s a section view taken along line 8A-8A of Fig. 7;

20 Fig. 8B 1s a section view taken along line 8B-8B of Fig. 7;

Fig. 9 1s a schematic illustration of an alternative combustor for use 1n a jet
engine 1n accordance with another aspect ot the present invention;

Fig. 10 1s a section view taken along line 10-10 of Fig. 9;

Fig. 11 1s a section view taken along line 11-11 of Fig. 10;

25 Fig. 12A 1s a schematic 1llustration of a combustor for an appliance 1n
accordance with another aspect of the present invention;

Fig. 12B 1s a rear view of the combustor of Fig. 12A;

Fig. 12C 1s a section view taken along line 12C-12C of Fig. 12B;

Fig. 12D 1s a schematic illustration of the combustor of Fig. 12A 1n use.

30 Fig. 13A 1s a schematic illustration of a combustor for an apphance 1n
accordance with another aspect of the present invention; and

Fig. 13B 1s a section view taken along line 13B-13B of Fig. 13A
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5.

Detailed Description

The invention relates to a tuel burner and, 1n particular, relates to a combustor
for a heating appliance, gas turbine engine or jet engine that imparts a centrifugal force
upon combustion air or a combination of air and fuel. Although some drawings
generally depict a turbojet type engine and the specification describes an example use
of the present invention 1n a jet engine, those having ordinary skill will appreciate that
the combustor of the present invention described herein 1s also suitable for use 1n any of
the engine variants described above.

Figs. 1-2B 1llustrate a combustor 240 for use 1n a jet engine 200 1n accordance
with an embodiment of the present invention. As shown 1n Fig. 1, the jet engine 200
extends along an axis 202 and includes a housing 210 that extends along the axis from a
first end 212 to a second end 214. A wall 216 of the housing 210 defines an interior
passage 218 that extends the length of the housing. A turbine 220, a compressor 230,
and at least one combustor 240 are positioned within the passage 218 of the housing
210 and along the axis 202. The compressor 230 includes a shaft or connecting member
232 that connects the compressor to the turbine 220 such that the connecting member
and turbine rotate together. The combustor 240 1s positioned axially between the
turbine 220 and the compressor 230.

As shown 1n Figs. 2A-2B, the combustor 240 1ncludes outer and 1nner tubes
242, 244 that are concentric to one another about a central axis 241 and secured to one
another and the housing 210. The central axis 241 of the combustor 240 can be coaxial
with the axis 202 of the engine 202 or can be spaced from the axis of the engine (not
shown). The connecting member 232 extends through the inner tube 244 and a shaft
seal 233 1s provided between the connecting member and the inner tube to prevent tluid
from passing between the connecting member and the 1nner tube directly into the
turbine 220.

The space between the outer and 1nner tubes 242, 244 defines a fluid
passage 274 for recerving fuel and air. The periphery of the outer tube 242 1includes
fluid directing structure 248 tor directing fluid radially inward to the fluid passage 2774.
More specifically, the fluid directing structure 248 1s configured to direct fluid to the

tluid passage 274 1n a direction that 1s offset from the central axis 241 ot the combustor
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240 and along a path that 1s angled relative to the normal of the 1nner surface (not
shown) of the outer tube 242.

The periphery of the 1inner tube 244 includes fluid directing structure 252 for

directing fluid from the interior 250 of the inner tube radially outward into the fluid
S passage 274. More specitically, the fluid directing structure 252 1s configured to direct

fluid 1nto the fluid passage 274 1n a direction that 1s offset from the central axis 241 of
the combustor 240 and along a path that 1s angled relative to the normal of the outer
surface (not shown) of the inner tube 244. The fluid directing structures 248, 252 can
direct their respective tluid 1n the same general direction. The fluid directing structure

10 248, 252 can 1nclude a series of openings with associated fins or guides for directing
the fluid 1n the desired manner (Figs. 3A-4D).

The jet engine 200 further includes one or more tubular fuel supply members
254 that extend 1nto or are otherwise 1n direct fluid communication with the tluid
passage 274 of the combustor 240 and extend radially outward from the passage,

15 through the wall 216 of the housing 210, and to a fuel source (not shown) outside of the
housing. The tuel supply members 254 thereby deliver tuel directly to the fluid passage
2’74, as indicated generally by arrows F1. Although six fuel supply members 254
spaced radially equidistant from one another are 1llustrated in Figs. 1-2B, 1t will be
appreclated that any number of fuel supply members exhibiting any spacing

20 contiguration can be provided 1n accordance with the present invention.

A ring-shaped wall 251 (see Fig. 2B) 1s secured to the end of the outer and 1inner
tubes 242, 244 closer to the compressor 230 1n order to seal one end of the fluid
passage 274 1n a flmd-tight manner. The wall 251 1s provided with openings 2353 that
receive ends of the fuel supply members 254 to establish the direct fluid path between

25 the fuel supply members and the fluid passage 274.

In operation, air enters the compressor 230 at the first end 212 ot the housing
210 1n the direction indicated generally by the arrows D2 (Fig. 2A) and exits the
compressor as compressed air. Some of the compressed air exiting the compressor 230
tlows directly 1nto the interior 250 of the inner tube 244 as indicated generally by the

30 arrows D3 and through the fluid directing structure 252 1n the inner tube 244 1nto the
tlmd passage 274. Some of the compressed air also tlows to the peripheral annular

space 277 between the outer tube 242 and the wall 216 of the housing 212, where 1t
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tlows through the fluid directing structure 248 1n the outer tube and into the tluid
passage 274 as indicated generally by arrows D4. A wall 255 secured to the end of the
outer and inner tubes 242, 244 closer to the turbine 220 and between the outer tube and
the wall 216 of the housing 210 prevents the compressed air D4 from passing into the
turbine without first passing through the combustor 240.

The compressed air D3, D4 1s mixed with fuel F1 that 1s injected 1nto the
combustor 240 via the fuel supply members 254. Since the ring-shaped wall 251 blocks
the end of the fluid passage 274 adjacent to the compressor 230, the fuel F1 1s directed
by the fuel supply members 254 directly into the fluid passage 274. Accordingly, the
fluid directing structures 248, 252 of the combustor 240 only control the flow of
compressed air D4, D3 1nto the fluid passage 274 such that the compressed air mixes
with the fuel F1 from the fuel supply members 254 within the fluid passage 274 1n a
desired manner. More specifically, as the peripheral air D4 passes through the fluid
directing structure 248 1n the outer tube 242 and 1nto the fluid passage 274, the air
mixes with the fuel Fl exiting the fuel supply members 254. Due to the configuration
of the fluid directing structure 248, the compressed air D4 1s imparted with a
centrifugal force about the central axis 241 of the combustor 240 as 1t enters the fluid
passage 274. The swirling air D4 mixes with the fuel F1 to create a swirling air/fuel
mixture within the fluid passage 274 and about the central axis 241 of the combustor
240.

Likewise, the compressed air D3 enters the interior 250 of the inner tube 244
and passes through the fuel directing structure 252 of the inner tube 244 and 1nto the

fluid passage 274, thereby imparting a centrifugal force upon the compressed air D3

about the central axis 241 of the combustor 240. The swirling air D3 mixes with the
fuel F1 to create an additional swirling air/fuel mixture within the tluid passage 274 and
about the central axis 241 of the combustor 240. The mixture tormed trom the fuel Fl
and the compressed air D3 mixes with and becomes indistinguishable from the mixture
formed from the fuel F1 and the compressed air D4 within the fluid passage 274.

Since the fluid directing structures 248, 252 extend around the entire periphery
of the outer tube 242 and the inner tube 244, respectively, the collective air/fuel mixture
within the fluid passage 274 1s forced generally 1n a single direction, indicated by arrow

R (Fig. 2B), that 1s transverse to the central axis 241 of the combustor 240. It will be
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appreciated that the fluid directing structures 248, 252 can direct the respective air/fuel
mixtures 1n the same direction, e.g., clockwise relative to the central axis 241, within
the tluid passage 274. Consequently, the air/fuel mixture within the tlud passage 274
undergoes a rotational, spiraling effect relative to the central axis 241 of the combustor
240 and within the flumid passage 274. The rotating, spiraling air/fuel mixture 1s 1gnited
by an 1gnition device (not shown) of any number of types well known 1n the art and
positioned 1n any number of suitable locations to light the combustor 240. For example,
the wall 251 can be provided with an opening (not shown) through which an 1gniter
extends. Flame proving means (not shown) can be positioned 1n any number of suitable

locations to detect the presence of flame.

Due to the continued supply of air and fuel to the combustor 240 from the
compressor 230 and the fuel supply members 254, subsequent spiraling air/fuel
mixtures are created within the fluid passage 274 prior to complete combustion of prior
air/fuel mixtures within the passage such that the spiraling air/fuel mixtures become
radially layered within the tfluid passage. The swirling or rotation of the air fuel mixture
1in the passage 274 provides thorough mixing of the fuel and air, thereby improving
combustion. The swirling pattern imparted to the fuel air mixture contributes to
combustion stability and, therefore, reduces the chances of tlame out.

As shown 1n Figs. 2A-2B, the combustion products from the 1gnited air/fuel
mixture exit the combustor 240 rotating about the central axis 241 of the combustor 240
and the axis 202 of the jet engine 200 as indicated generally by arrows R2. The
combustion products of the air/fuel mixture exit the combustor 240 at elevated pressure
and velocity and pass through the turbine 220, thereby imparting rotation upon the
turbine as indicated generally by arrow R3. The turbine 220, 1n turn, directs the
combustion products out of the jet engine 200 1n the direction indicated generally by
arrows T to provide thrust to the aircraft. Since the connecting member 232 rotatably
connects the turbine 220 to the compressor 230, the rotating turbine drives the
COMPressor.

Each of the fluid directing structures 248, 252 can have any configuration
suitable for imparting rotation to the compressed air D4, D3, respectively, to form an
air/fuel mixture with the fuel F1 and within the fluid passage 274 that swirls about the

central axis 241 of the combustor 240 1n accordance with the present invention. Figs.



10

15

20

25

30

CA 03044567 2015-05b-21

WO 2018/098157 PCT/US2017/062800

0.

3A-3B 1llustrate one configuration of the fluid directing structure 252 of the inner tube
244 and those having ordinary skill will appreciate that the fluid directing structure 248
of the outer tube 242 can have a similar construction to the fluid directing structure 252.
Alternatively, the tluid directing structures 248 and 252 can be dissimilar (not shown).
In any case, the fluid directing structure 248 1s configured to direct tlumd radially inward
while the fluid directing structure 252 1s configured to direct fluid radially outward.

As shown 1n Figs. 3A-B, the fluid directing structure 252 includes a plurality of
openings 284 1in the 1nner tube 244 for allowing the compressed air D3 to pass radially
outward from the central passage 250 of the inner tube to the fluid passage 274. Each ot
the openings 284 extends entirely through the inner tube 244 from an inner surtace 282
to an outer surface 280. Each opening 284 can have any shape, such as rectangular,
square, circular, triangular, etc. The openings 284 can all have the same shape or
ditferent shapes. The openings 284 are aligned with one another along the periphery,
i.e., around the circumference, ot the inner tube 244 to form an endless loop. One or
more endless loops of openings 284 can be positioned adjacent to one another or spaced
from one another along the length of the 1inner tube 244. Each loop can have any
number of openings 284. The openings 284 1n adjacent loops can be aligned with one
another or can be offset from one another. The size, shape, configuration, and
alignment of the openings 284 1n the inner tube 244 1s dictated by desired tflow and
performance characteristics of the compressed air D3 tlowing through the openings.
Although the openings 284 are 1llustrated as being arranged 1n a predetermined pattern
along the inner tube 244, it will be appreciated that the openings can be randomly
positioned along the 1nner tube (not shown).

Each opening 284 includes a corresponding fluid directing projection or guide
286 for directing the compressed air D3 passing through the associated opening radially
outward 1nto the fluid passage 274 and 1n a direction that 1s offset from the central axis
241 of the combustor 240, i.e., a direction that will not intersect the central axis. The
guides 286 are formed on or integrally attached to the inner surface 282 and/or the
outer surface 280 (not shown) of the inner tube 244. Each guide 286 extends at an angle
(shown 1n Fig. 3b) relative to the outer surface 280 of the inner tube 244. The

guides 286 can extend at the same angle or at ditferent angles relative to the outer
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surtace 280 of the inner tube 244. Each guide 286 extends at an angle, indicated at a2,
relative to an axis 287 extending normal to the outer surface 280 of the inner tube 244.
Since the fluid directing structure 248 on the outer tube 242 can be formed
stmilar to the fluid directing structure 252 on the inner tube 244, those having ordinary
S skill 1n the art will appreciate that guides and openings associated with the tluid
directing structure 248 (not shown) direct the compressed air D4 passing through the
outer tube radially inward toward the central passage 274 and 1n a direction that 1s
offset from the central axis 241 of the combustor 240. Similar to the fluid directing
structure 252 on the inner tube 244, the guides of the tluid directing structure 248 on
10 the outer tube 242 can be formed 1n or integrally attached to the inner surface and/or the
outer surface of the outer tube (not shown). In the 1llustrated embodiment, the fluid
directing structures 248, 252 direct the associated incoming compressed air D4, D3 1n
the same general direction such that the combined air/fuel mixture swirls within the
fluid passage 274 around the central axis 241 of the combustor 240 1n the same general
15 direction.
Figs. 4A-D 1llustrate alternative configurations of the fluid directing structure
252 1n the 1nner tube 244 1n accordance with the present invention. The fluid directing
structure 252a-d directs the incoming compressed air D3 radially outward into the tluid
passage 274 and 1n a direction that 1s 1) offset from the central axis 241 and 2) angled
20 relative to the normal of the outer surface 280 of the inner tube 244 such that
compressed air mixes with the fuel F1 to form an air/fuel mixture within the central
passage 274 that exhibits a swirling, rotational path around the central axis while
becoming radially layered relative to the central axis. The openings in the fluid
directing structure can be randomly positioned along the inner tube 244 or can be
25 arranged 1n any predetermined pattern dictated by desired flow and performance
criterion.
Figs. 4 A-D 1llustrate alternative configurations of the fluid directing structure
252, 248 that can be formed on or integrally attached to the inner and/or outer surface
of the respective tube 244, 242 1n accordance with the present invention. More
30 specifically, either of the fluid directing structures 248, 252 can exhibit any of the
configurations shown 1n Figs. 4A-D. In the preferred embodiment, the fluid directing

structure 248 directs the incoming compressed air D4 radially inward into the fluid
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passage 274 and 1n a direction that 1s 1) oftset from the central axis 241 and 2) angled
relative to the normal of the 1inner surface of the outer tube 242 (not shown) such that
the compressed air mixes with the fuel Fl to form an air/fuel mixture that exhibits a
swirling, rotational path within the central passage 274 and around the central axis.
Likewise, the tluid directing structure 252 directs the incoming compressed air D3
radially outward 1nto the fluid passage 274 and 1n a direction that 1s 1) offset from the
central axis 241 and 2) angled relative to the normal of the outer surface 280 of the
inner tube 244 (not shown) such that compressed air mixes with the fuel Fl to form an
air/fuel mixture that exhibits a swirling, rotational path within the central passage 274
and around the central axis. In each case, the openings in the fluid directing structure
248, 252 can be randomly positioned along the respective tube 242, 244 or can be
arranged 1n any predetermined pattern dictated by desired tlow and performance
criterion.

In Fig. 4A, the fluid directing structure 252a includes a plurality of guides 286a
that define openings 284a 1n the inner tube 244a. The guides 286a are arranged 1n a
series of rows that extend around the periphery of the inner tube 244a. The annular
rows are positioned next to one another along the length of the inner tube 244a. The
guides 286a of adjacent rows can be radially offset from one another or can be radially
aligned with one another (not shown). The guides 286a 1n each row can be similar or
dissimilar to one another. The guides 286a direct the compressed air D3 passing
through the openings 284a 1n a radially inward direction that 1s offset from the central
ax1is 241 and at an angle a2 relative to the axis 287a extending normal to the outer

surface 280a of the 1inner tube 244a. If the guides 286a within a row are fully or

partially aligned with one another around the periphery of the inner tube 244a, the
compressed air D3 exiting each guide 1n that row 1s further guided 1n a direction offset
from the central axis 241 by the adjacent guide(s) 1n the same row.

In Fig. 4B, the inner tube 244b 1s formed as a series of steps that each includes a
first member 283 and a second member 2835 that extends substantially perpendicular to
the first member to form an L-shaped step. The second member 285 of each step
includes a plurality of openings 284b for directing the compressed air D3 1n a direction
that 1s offset from the central axis 241 and angled relative to the axis (not shown)

extending normal to the outer surtace 280b of the 1inner tube 244b. In particular, the



10

15

20

25

30

CA 03044567 2015-05b-21

WO 2018/098157 PCT/US2017/062800

-12-

openings 284b 1n each second member 285 direct the compressed air D3 across the first

member 283 of the adjoining step to impart rotation to the compressed air and, thus, to

the air/fuel mixture within the fluid passage 274 about the central axis 241.

In Fig. 4C, the flmd directing structure 252¢ 1includes a plurality of openings
284c¢ that extend from the 1inner surface 282c¢ of the inner tube 244c¢ to the outer surface
280c. The openings 284¢ extend through the inner tube 244c¢ at an angle relative to the
axis 287¢ extending normal to the outer surface 280c¢ of the inner tube 244¢ and
through the central axis 241 of the combustor 240. The openings 284c¢ 1n the inner tube
244c¢ direct the compressed air D3 and, thus, the air/fuel mixture within the fluid
passage 274 1n a direction that 1s offset from the central axis 241 and at an angle
relative to the axis 287¢ 1n order to impart rotation to the air/fuel mixture within the
fluid passage about the central axis.

In Fig. 4D, the fluid directing structure 252d 1s formed by a series of arcuate,
overlapping plates 330 that cooperate to form the inner tube 244d. Each plate 330 has a
corrugated profile that includes peaks 332 and valleys 334. The plates 330 are
longitudinally and radially offset from one another such that that peaks 332 of one plate
330 are spaced between the peaks ot adjacent plates. In this contiguration, the peaks
332 and valleys 334 of the plates create passages 336 through which the compressed air
D3 1s directed. Each plate 330 directs the compressed air D3 1n a direction that extends
substantially parallel to the adjoining arcuate plate to impart rotation to the compressed
air and, thus, to the air/fuel mixture within the fluid passage 274 about the central axis
24 1. The air/tuel mixture within the tluid passage 274 1s thereby directed 1n a direction
that 1s offset from the central axis 241 of the combustor 240 and angled relative to the
axis (not shown) extending normal to the plates 330.

Figs. 5-6A 1llustrate a jet engine 200a 1n accordance with another embodiment
of the present invention. Features 1in Figs. 5-6A that are 1dentical to features 1in Figs. 1-
2B have the same reference number as Figs. 1-2B, whereas features 1in Figs. 5-6A that
are not stmilar to features 1n Figs. 1-2B are given the suffix “a”. Figs. 5-6A 1llustrate a
jet engine 200a similar to the jet engine 200 of Figs. 1-2B. In the jet engine 200a ot
Figs. 5-6A, the fuel being delivered via the fuel pipe 254a 1s partially mixed with air
prior to being injected 1nto the region 274. The partially pre-mixed fuel 1s indicated by

the reference character F3 and, as seen best in Fig. 6A, the fuel pipe 254a passes
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through a pre-mix chamber 254°. As seen best 1n Fig. 6A, the pre-mix chamber 254’
recelrves compressor air indicated by the reference character D5 through a port (not
specifically shown) formed in the pre-mix chamber 254°. Fuel passing through the
chamber mixes with the incoming air stream (D35) and 1s 1njected to the region 274
where 1t 1s mixed with additional air D4, D3 delivered through ports 252, 248 tormed 1n
the members 244, 242, respectively (see also Fig. 2B).

The jet engine burner shown 1n Fig. 6 A operates essentially similar to the burner
shown 1n Fig. 2A, except that the fuel 1s pre-mixed with some air prior to being injected
into the region 274. The fuel and air movement patterns shown 1n Fig. 2B are equally

applicable to the burner shown 1n Fig. 6A. In the jet engine 200a of Figs. 5-6A,

however, the tuel delivered by the fuel supply members 254a 1s partially pre-mixed
with the incoming compressed air DS before being discharged into the chamber 274.
This partial fuel mixture 1s further mixed with compressed air D3 and D4 which 1s
injected through the respective fluid directing structure 252 and 248 and into the fluid
passage/combustion chamber 274 where the fully mixed fuel charge 1s 1gnited and
burned.

The fluid directing structure 252 allows the air D3 within the passage 250 to be
directed radially outward 1nto the fluid passage 274, and the fluid directing structure
248 allows the air D4 1n the region 277 outside of the outer tube 242 to be directed
radially inward 1nto the tluid passage 274. Either or both of the tluid directing
structures 248, 252 can have any of the configurations 1llustrated in Figs. 3A-4D.

The compressed air D3, D4 mixes with the partial fuel mixture F3 from the fuel
supply members 254a to form an air/fuel mixture within the fluid passage 274 that
swirls around the axis 241 of the combustor 240a. Due to the configuration of the fluid
directing structure 248, the compressed air D4 1s imparted with a centrifugal force
about the axis 241 of the combustor 240a as 1t passes 1nto the tluid passage 274.
Likewise, the compressed air D3 enters the interior 250 of the inner tube 244 and then
through the directing structure 252 of the inner tube 244 and into the fluid passage 274,
thereby imparting a centrifugal force upon the air/tuel mixture about the axis 241 of the
combustor 240a.

Those having ordinary skill in the art will appreciate that a mixture of air and

fuel 1s formed 1n the fluid passage and imparted with a centrifugal force that causes the
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air/fuel mixture within the fluid passage 274 to rotate or spiral around the central axis
of the combustor, thus improving and stabilizing combustion.

Figs. 7-8 1llustrate a jet engine 200b 1n accordance with another embodiment of
the present invention. Features 1n Figs. 7-8 that are 1dentical to features 1in Figs. 1-2B or
Figs. 5-6A have the same reference number as Figs. 1-2B or Figs. 5-6 A, whereas
features 1n Figs. 7-8 that are not similar to features 1n Figs. 1-2B are given the suffix
“b”. Stmular to the jet engine 200 of Figs. 1-2B, a wall 251b 1s secured to the end of the
combustor 240b closer to the compressor 230 and a wall 255b 1s secured to the end of
the combustor closer to the turbine 220. In the jet engine 200b of Figs. 7-8, however,
the fuel F4 1s injected upstream from the combustor and 1s completely mixed with
compressed air D4’ before entering the combustor 240b.

The jet engine 200b of Figs. 7-8 includes a fluid mixing element 290 secured to
the housing 210 for pre-mixing the compressed air D4’ and fuel F4 exiting the tuel
supply members 254b such that the air and fuel 1s completely mixed prior to entering
the combustor 240b. The fluid mixing element 290 1s positioned along the axis 202 of
the jet engine 200b between the fuel supply members 254b and the combustor 240b and
includes an outer element 292 and an 1nner element 294 positioned concentric to one
another and the connecting member 232. The outer element 292 1s ring-shaped and has
a generally frustoconical configuration that tapers radially inward 1n a direction
extending towards the combustor 240b, i.e., leftward as viewed 1n Fig. 8. The 1nner
element 294 1s positioned 1n the interior of the outer element 292 and 1s secured to or
integrally formed with the outer element. The compressor/turbine connecting member
232 extends through an opening indicated generally by the reference character 294a 1n
the 1inner element 294,

An annular gap 296 extends between the inner element 294 and the outer
element 292 and tapers inwardly 1n a direction extending towards the combustor 240b,
L.e., the cross-sectional area of the gap along the axis 202 decreases 1n the direction
towards the combustor. The fluid mixing element 290 1s configured such that the
compressed air D4’ from the compressor and the tuel F4 exiting the fuel supply
members 254b must pass through the gap 296 1n the mixing element 1n order to reach
the combustor 240b. Since the cross-sectional area of the gap 296 decreases along the

length of the fluid mixing element 290, the compressed air D4’ and fuel F4 become
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mixed together as the air and fuel travel through the tfluid mixing element. The air D4’
and fuel F4 exit the fluid mixing element 290 as a tully pre-mixed mixture, indicated
generally as M 1n Fig. 8. Although the fluid mixing element 290 1s 1llustrated as having
a particular construction, those having ordinary skill will appreciate that any structure
or structures can be used that are configured to mix the compressed air D4’ and fuel F4
to form a fully pre-mixed mixture M that enters the combustor 240b to be 1gnited.

The mixture M enters the combustor 240b along two different pathways. Some
of the mixture M tlows to the region 277, i.e., the exterior of the combustor 240b
between the wall 216 of the housing 210 and the outer tube 242, where 1t 1s directed
radially inward by the tfluid directing structure 248 of the outer tube 242 into the fluid
passage 274. The remainder of the mixture M flows 1nto the interior 2350 of the inner
tube 244 where 1t 1s directed radially outward by the tfluid directing structure 252 of the
inner tube 1nto the fluid passage 274. The fluid directing structures 248, 252 cause the
collective mixture M to swirl within the fluid passage 274 around the axis 241 of the
combustor 240b 1n a manner similar to that illustrated 1in Fig. 2B. The mixture M 1s then
1gnited within the fluid passage 274 by an 1gnition source (not shown) and the
combustion products of the 1ignited mixture are expelled from the combustor 240b
towards the turbine 220 1n the manner indicated generally by arrows R2 1n order to
drive the turbine 1n the manner described.

Figs. 9-11 1llustrate a jet engine 200c 1n accordance with another aspect of the
present invention. In the jet engine 200c¢ of Figs. 9-11, a plurality of combustors 240c 1s
arranged about the central axis 202 of the jet engine. Each of the combustors 240c¢ can
constitute the non-pre-mixed combustor 240 of Figs. 1-2B, the partially pre-mixed
combustor 240a of Figs. 5-6B or the fully pre-mixed combustor 240b of Figs. 7-8 or
modifications thereof. Features 1in Figs. 9-11 that are identical to features 1n Figs. 1-8
have the same reference number as Figs. 1-8, whereas features 1n Figs. 9-11 that are
stmilar to features 1n Figs. 1-8 are given the suffix “c”.

As shown 1n Fig. 9, the compressor 230 and the turbine 220 are positioned
within the housing 210 on opposing sides of the combustors 240c. The combustors
240c are preferably axially aligned with one another and are radially spaced about the
axis 202 of the jet engine 200c¢ (Fig. 9). Although five combustors 240c are 1llustrated

in Figs. 9-11, 1t will be appreciated that more or fewer combustors can be provided 1n
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accordance with the present invention. Furthermore, the combustors 240c¢ can be
symmetrically or asymmetrically spaced about the central axis 202. The combustors
240c can extend substantially parallel to one another and the axis 202 or can extend at
an angle relative to one another and/or the axis. A wall 270 1s provided between the
wall 212 of the housing 210 and the combustors 240c and between the combustors to
ensure that fluid only flows 1nto the combustors, i.e., not around or between the
combustors and the wall ot the housing. Another wall 272 1s also preterably provided to
prevent air or fuel/air from bypassing the combustors. The walls 2770, 272 can also
serve as mounting plates or supports for the combustors 240c.

The combustors 240c are different from the combustors 240, 240a, 240b 1n that
no 1nner tube 1s used. The outer tube 242’ of the combustor has fluid directing structure
248 such that the mixture of air and fuel 1s directed from a fluid passage 277’ radially
inward through the fluid directing structure i1nto the interior 274°. In this configuration,
each combustor 240c¢ 1ncludes a solid outer wall 297 that has a continuous surface such
that no fluid passes radially through 1t. A cap 251c¢ 1s provided on each combustor 240c
to flmdly seal the upstream end of the tube 242 closer to the turbine 200 such that air
and/or the fuel/air mixture cannot axially enter the passage 274" of the combustor 240c,
L.e., the air and/or fuel mixture must pass radially inward through the fluid directing
structure 248° and into the interior passage 274°. The downstream end of the annular
passage 277 1s sealed by a cap 257a which ensures that all the air (or fuel-air mixture)
travels 1nto the combustion passage 274’ .

Air exiting the compressor 230 1s distributed amongst the combustors 240c. The

air 1s mixed with fuel delivered by the fuel pipe 254¢ and 1s ultimately swirled and

burned 1n the 1inner combustion chamber 274°. Several methods and apparatus for
injecting fuel 1into the burner 240c are illustrated 1n Fig. 10. A fuel pipe 254¢ 1s shown
in solid and, 1n the solid configuration, fuel 1s 1njected upstream of the combustor 240c
where 1t 1s fully mixed with air delivered by the compressor 230 as described 1n
connection with Figs. 7, 8A and 8B. This fully mixed fuel/air charge then enters the
region 277 and travels into the combustion passage 274 via ports 248 formed 1n the
tubular member 242°. As explained earlier, the ports are arranged to cause rotation of

the fuel/air mixture 1n the combustion passage 274°.
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In an alternate embodiment, each combustor 240c¢ utilizes the fuel/air delivery
system described 1in connection with Figs. 5 and 6A. A fuel pipe 254¢’ includes a pre-
mix chamber 254°°. In this configuration, the tuel being delivered by the fuel pipe
254¢’ 1s partially mixed with air received by the pre-mix chamber 254°° from the
compressor 230. This partial fuel mixture 1s 1njected into the chamber 274 through the
cap 251c¢ where 1t fully mixed with compressor air D6 that enters the chamber 274 via
the passage 277 and then the ports 248 tormed 1n the tubular member 242°.

In still another embodiment, the combustors 240c¢ utilize the fuel/air delivery
system described 1n connection with Figs. 1 and 2A. In this configuration, the fuel 1s
injected directly into the combustion passage 274° via the fuel pipe 254c, the
downstream end of which extends thought the cap 251c¢. The injected fuel 1s mixed
with the swirling air delivered through the tubular members 242 and 252.

In all of these embodiments, an 1gniter (not shown) within the interior 274° of
the tube member 242° of each combustor 240c¢ 1gnites the swirling air/fuel mixtures.
The swirling combustion products collectively exit the combustors 240c¢ and pass
through the turbine 220, causing rotation of the turbine and expulsion of the
combustion products from the jet engine 200c.

Figs. 12A-12D 1llustrate a combustor or fuel burner 340 1n accordance with
another aspect of the present invention. The combustor 340 can be used 1n industrial,
household, and commercial heating appliances such as, for example, a water heater,
boiler, furnace, etc. The combustor 340 includes outer and inner tubes 342, 344 that are
concentric with one another about a central axis 341. Retferring to Fig. 12C, the outer
tube 342 extends from a first end 345 to a second end 347 and defines an interior or
central passage 349. The inner tube 344 extends from a first end 333 to a second end
335 and defines an interior or central passage 350 for receiving a pre-mixed mixture of
combustible fuel and air. The combustible fuel can be a hiquid, e.g., atomized or
vaporized, or gas.

The space between the outer and 1nner tubes 342, 344 defines a fluid
passage 374. The periphery of the inner tube 342 includes tluid directing structure 352
for directing fluid radially outward from the central passage 350 to the fluid passage
3’74. The periphery of the outer tube 342 includes fluid directing structure 348 for

directing fluid radially inward to the tluid passage 374. The fluid directing structures



10

15

20

25

30

CA 03044567 2015-05b-21

WO 2018/098157 PCT/US2017/062800

_18-

348, 352 can constitute any of the aforementioned fluid directing structures or
combinations thereot (see Figs. 3A-4D).

A ring-shaped wall 351 1s secured to the first ends 333, 345 of the outer and
inner tubes 342, 344. The wall 351 includes a ring-shaped base 353 and a pair of
annular flanges 3535, 357 extending from the base. The flange 355 1s secured to the first
end 333 of the inner tube 344 1n a fluid-tight manner. The flange 357 1s secured to the
first end 345 of the outer tube 342 1n a fluid-tight manner. Consequently, the wall 351
seals one end of the fluid passage 374 1n a flmid-tight manner. Another wall 360 1s
secured to the second end 335 of the inner tube 344 and seals the second end of the
inner tube 1n a fluid-tight manner.

The outer and 1inner tubes 342, 344 are positioned in a housing 380 extending
from a first end 382 to a second end 384. The housing 380 1s centered on the axis 341
and defines an interior 386 for receiving the outer and inner tubes 342, 344. An end
wall or plate 390 1s secured to the second end 384 of the housing 380 and the second
end 347 of the outer tube 342 to secure the housing to the outer tube. The wall 390 1s
secured to the outer tube 342 1n a tluid-tight manner and 1s sized such that the housing
380, outer tube 342, and inner tube 344 are concentric.

Referring further to Fig. 12D, one or more supply members 400 carrying a fully
pre-mixed mixture of combustible fuel and air, indicated by reference character FS5, are
positioned upstream of the outer and 1nner tubes 342, 344. The supply member 400 1s
generally aligned with and extend towards the central passage 350 to establish a direct
fluid path between the supply member and the central passage. The supply member 400
can extend axially towards into the housing 380 (as shown) or radially inward through
the housing, e.g., have an L-shaped configuration similar to the fuel supply members
254 1n Figs. 1-2A (not shown). In any case, the supply member 400 delivers the pre-
mixed mixture F5 to the interior 386 of the housing 380.

Due to the configuration of the fuel burner 340 the pre-mixed mixture F5 1s
divided into two pre-mixed portions F6, F7 that take different tflow paths from the
interior 386 of the housing 380 to the fluid passage 374. The pre-mixed portion F6
flows 1nto the central passage 350 at the first end 333 of the inner tube 344. The end
wall 360 prevents the pre-mixed portion F6 from exiting the second end 335 of the

inner tube 344 except through the fluid directing structure 352. Consequently, the pre-
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mixed portion F6 1s directed radially outward through the tluid directing structure 352
into the tluid passage 374. When this occurs, the fluid directing structure 352 imparts a
centrifugal torce upon the pre-mixed portion F6 such that the pre-mixed portion swirls
about the axis 341 of the combustor 340 while flowing through the fluid passage 374.

At the same time, the pre-mixed portion F7 tlows to the radial space between
the housing 380 and the outer tube 342. At this point, the fluid directing structure 348
directs the pre-mixed portion F7 radially inward 1nto the fluid passage 374. The end
wall 390 prevents the pre-mixed portion F7 from exiting the second end 384 of the
housing 380 except through the fluid directing structure 348. Due to the configuration
of the flumd directing structure 348, the pre-mixed portion F7 1s imparted with a
centrifugal torce about the axis 341 of the combustor 340 as 1t passes radially inward
into the fluid passage 374.

It 1s theretore clear that the pre-mixed mixture FS flows along multiple flow
paths — a portion F6 flowing radially outward through the fluid directing structure 348
and a portion F7 tflowing radially inward through the fluid directing structure 352 — to
reach the fluid passage 374. The pre-mixed portions F6, F7 of the pre-mixed mixture
FS are recombined within the fluid passage 374 and collectively swirl around the axis
341 of the combustor 340 and between the inner and outer tubes 342, 344.

The combustor 340 1s specifically configured to restrict fluid flow therethrough
to what has been described. In addition to the aforementioned walls 360, 390, the end
wall 351 prevents the pre-mixed portions F6, F/7 and any flame produced therefrom
from exiting the fluid passage 374 through the first ends 333, 3435 of the 1inner and outer
tubes 342, 344. Consequently, the pre-mixed mixture FS can only enter the fluid
passage 374 by passing through the respective fluid directing structures 352 and 348.

That said, the combustion products from the 1gnited air/fuel mixture exit the
combustor 340 rotating within the tluid passage 374 and about the central axis 341 of
the combustor 340 as indicated generally by arrows R3 1n Fig. 12D. The rotating,
spiraling air/fuel mixture R3 1s 1gnited by an 1gnition device (not shown) of any number
of types well known 1n the art and positioned 1n any number of suitable locations to
light the combustor 340. For example, the wall 351 can be provided with an opening
(not shown) through which an 1gniter extends. Flame proving means (not shown) can

be positioned 1n any number of suitable locations to detect the presence of flame.
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It will be appreciated that the combustor 340 of Figs. 12A-12D can be used 1n
the same manner as the combustors 240, 240a, 240b are used and can therefore receive
a fully pre-mixed mixture or partially pre-mixed mixture and additional air in
accordance with the present invention.

Figs. 13A-13B 1llustrate a combustor or fuel burner 410 1n accordance with
another aspect of the present invention. The combustor 410 constitutes an external swirl
burner that can be used 1n industrial, household, and commercial heating appliances
such as, for example, a water heater, boiler, furnace, etc. More specifically, the
combustor 410 produces a swirling, spiraling and/or rotating flame about and along 1its

exterior 1n a simple, inexpensive, and efficient manner.

The combustor 410 1ncludes a tube 444 extending along a central axis 441 from
a first end 433 to a second end 435. The tube 444 1ncludes an 1nner surface 446
defining an interior or central passage 450 and an outer surface 448. The first end 433
of the tube 444 includes a flange 470 for securing the combustor 410 to, for example, a
portion of the appliance. A wall 460 1s secured to the second end 435 of the tube 444 to
seal one end of the central passage 450 1n a flmd-tight manner. In this example, the
combustor 410 does not include an outer tube or housing and, thus, the tube 444 defines
both the exterior and interior of the combustor 410.

The periphery of the tube 444 1ncludes fluid directing structure 4352 for directing
flmid radially outward from the central passage 450 to a position adjacent to and
radially outward of the outer surface 448 and fluid directing structure 452, i.e., exterior
to or outside of the tube. The tluid directing structure 4352 can constitute any of the
aforementioned fluid directing structures or combinations thereof (see Figs. 3A-4D).

As shown 1n Fig. 13B, the central passage 450 1s configured to receive a pre-
mixed mixture of combustible fuel and air. The combustible fuel can be a hiquid, e.g.,
atomized or vaporized, or gas. To this end, one or more supply members 480 carrying a
fully pre-mixed mixture of combustible fuel and air, indicated by reference character
E8, are positioned upstream of the tube 444. The supply memberd80 1s generally
aligned with and extends towards the central passage 450 to establish a direct fluid path
between the supply member and the central passage. The supply members 480 extend
axially towards and/or into the tube 444 and deliver the pre-mixed mixture F8 to the

central passage 450.
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The pre-mixed mixture F8 flows 1nto the central passage 450 at the first end 433
of the tube 444. The end wall 460 prevents the pre-mixed mixture F8 from exiting the
second end 435 of the tube 444 except through the fluid directing structure 352.
Consequently, the pre-mixed mixture F8 1s directed radially outward through the tfluid
directing structure 452 to the tube exterior. When this occurs, the tluid directing
structure 452 imparts a centrifugal force upon the pre-mixed mixture F8 such that the
pre-mixed portion swirls about the axis 441 of the combustor 840 while tlowing about
the tube exterior.

The combustion products from the 1gnited air/fuel mixture exit the combustor

440 rotating about the central axis 441 of the combustor 340 around the exterior of the

tube 444 as indicated generally by arrows R4 1n Fig. 13B. To this end, the rotating,
spiraling air/fuel mixture R4 1s 1gnited by an 1gnition device (not shown) of any number
of types well known 1n the art and positioned 1n any number of suitable locations to
light the combustor 440. Flame proving means (not shown) can be positioned 1n any
number of suitable locations to detect the presence of flame. The 1gnited air/fuel
mixture R4 1s directed 1nto, for example, the heat exchange tube of the heating
appliance.

The combustor of the present invention 1s advantageous over conventional
combustors or burners tor several reasons. Unlike conventional combustors 1n which
the flame 1s propagated primarily by molecular conduction of heat and molecular
diffusion of radicals from the flame into the approaching stream of reactants, i.e., the
air/fuel mixture, the combustor of the present invention forces additional heat transter
by convection and radiation from the high velocity tflame envelope overlaying and
intermixing with the incoming air/tuel mixture. The incoming air/fuel mixture 1s pre-
heated while the flame zone 1s being cooled, which advantageously helps to reduce
NOy. The tflame envelope 1s advantageously spaced entirely from the 1nner surface ot
the inner tube when the air/fuel mixture 1s 1gnited within the 1nner tube and spaced
entirely from the outer surface of the inner tube when the air/fuel mixture 1s 1gnited
within the tluid passage.

Radicals are also forced into the incoming reactant stream by the overlaying and
intermixing tlame envelope. The presence of radicals 1n a mixture of reactants lowers

the 1gnition temperature and allows the fuel to burn at lower than normal temperature.
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It also helps to significantly increase flame speed, which shortens the reaction time,
thereby additionally reducing NOy formation while significantly improving flame
stability/flame retention. The improved stability and flame retention reduces the
chances of flame out.

Due to the exceptional flame retention/stability of the combustor of the present
invention, 1t 1s capable of running at very high combustion loadings. High loadings
allow the burner to run 1n a stable “lifted tlame™ mode i.e., the flame 1s spaced from the
combustor surfaces. Lifting of the flame 1n this manner 1s desirable 1n that the
combustor surfaces are not directly heated, thereby maintaining the surfaces at a lower
temperature and lengthening the usable life of the combustor. A high combustion
loading also allows the use of a smaller, space saving, and less costly combustor for a
given application. Furthermore, the combustor of the present invention, due to the
exceptional flame retention as discussed above, 1s also capable of operating cleanly
(low CO) at very high levels of excess air, which produces NOx levels well below
those achievable with conventional combustors.

The preferred embodiments of the invention have been 1llustrated and described
in detail. However, the present invention 1s not to be considered limited to the precise
construction disclosed. For example, 1t will be understood that any ot the combustors
described above can incorporate a “variable volume” combustion chamber, e.g., fluid
passage, by configuring the wall 251c¢ (shown 1n Fig. 10) secured to the inner and outer
tubes to be movable along the axis of the jet engine. Such a construction would allow
for optimized combustion performance by matching the combustion chamber volume to
the power output required.

The 1nvention has been described 1n detail in connection with a jet engine
application. Those skilled 1n the art will recognize that the principles of this invention
can be applied to burners used 1n heating applhiances such as hot water tanks, furnaces
and boilers. Those skilled 1n the art will recognize that the disclosed burner
configurations can be adapted for use 1n the 1dentified heating applications. For some
applications, the burner would be contfigured as a power burner 1n which a blower or
the suitable device would force air into the burner where 1t would be mixed with the

surtable liquid fuel such as fuel o1l or a gaseous fuel such as natural gas or propane.
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Various adaptations, modifications and uses of the invention can occur to those
skilled 1n the art to which the invention relates and the intention 1s to cover hereby all
such adaptations, modifications, and uses which fall within the spirit or scope of the

appended claims.
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Having described the 1invention, the following 1s claimed:
1. A tfuel burner comprising:

a tube extending from a first end to a second end and having an outer
surface and an inner surface defining a central passage, the central passage being
supplied at the first end with a mixture of air and combustible fuel pre-mixed upstream
of the tube, the second end being closed by an end wall 1n a fluid-tight manner, the tube
having fluid directing structure for directing the pre-mixed mixture radially outward
from the central passage to an exterior of the tube such that the pre-mixed mixture

rotates radially about the central axis along the exterior of the tube.

2. The tuel burner of claim 1, wherein the tluid directing structure includes
a plurality of openings and a guide associated with each opening, the guides being
angled relative to the 1inner surface tor radially rotating the pre-mixed mixture about the

central axis.

3. The tuel burner of claim 2, wherein the guides are arranged 1n a series of
rows that extend continuously around the periphery of the tube to encircle the central

axi1s.

4. The fuel burner of claim 1 further comprising an outer tube having an
outer surface and an 1nner surface defining a passage for receiving the tube, wherein a
fluid passage 1s defined between the outer surface of the tube and the inner surtace ot
the outer tube such that the fluid directing structure of the tube directs the pre-mixed
mixture radially outwards from the central passage to the fluid passage such that the

mixture rotates radially about the central axis between the tube and outer tube.

J. The fuel burner of claim 4, wherein the outer tube includes fluid
directing structure having a plurality of openings and a guide associated with each
opening, the guides being angled relative to the outer surface for directing the pre-
mixed mixture from outside the outer tube radially inward 1nto the fluid passage such
that the pre-mixed mixture rotates about the central axis within the tluid passage and

mixes with the pre-mixed mixture from the fluid directing structure on the tube.
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0. The tuel burner of claim 5, wherein the guides are arranged 1n a series of
rows that extend continuously around the periphery of the outer tube to encircle the

central axis.

7. The fuel burner of claim 4, wherein a second end wall secures the first
end of the tube to the outer tube 1n a fluid-tight manner such that the flmd directing
structure on the tube provides the only fluid path from the central passage to the tlud

passage.

8. The fuel burner of claim 7, wherein the second end wall 1s movable
along the central axis relative to the tube and the outer tube for varying the volume of

the fluid passage that receives the pre-mixed mixture.

9. The tuel burner ot claim 4 further comprising a housing defining an
interior space for recerving the tube and the outer tube, a plate securing an end of the

outer tube to the housing 1n a fluid-tight manner.

10. The fuel burner of claim 4, wherein the pre-mixed mixture 1s radially

layered within the fluid passage.

11. The tuel burner of claim 1, wherein the tuel burner produces about

10ppm of total NOy at about 10% CO.,.

12. The tuel burner of claim 4, wherein the tluid directing structure extends
around the entire periphery of the tube such that a flame envelope overlies and
intermixes with the pre-mixed mixture entering the fluid passage trom the flmd

directing structure on the outer tube.

13. The tuel burner of claim 12, wherein the flame envelope 1s spaced

entirely from the outer surface of the tube.

14. A heating apphance including the fuel burner of claim 1.
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15. A tuel burner comprising:

an outer tube extending along a central axis from a first end to a second
end, the outer tube including an outer surface and an 1inner surface defining a passage,
the outer tube including fluid directing structure having a plurality of openings and a
guide associated with each opening;

an 1nner tube extending from a first end to a second end and being
positioned within the passage of the outer tube, the inner tube 1including an outer
surface and an 1nner surface defining a central passage, wherein a fluid passage 1s
defined between the outer surface of the inner tube and the inner surface of the outer
tube, the central passage being supplied with a mixture of air and combustible fuel pre-
mixed upstream of the inner tube, the 1inner tube having fluid directing structure for
directing the pre-mixed mixture radially outward from the central passage to the fluid
passage such that the pre-mixed mixture rotates radially about the central axis between
the 1nner tube and the outer tube, the fluid directing structure on the outer tube being
supplied with the pre-mixed mixture and directing the pre-mixed mixture radially
inward to the fluid passage to mix with the pre-mixed mixture from the fluid directing
structure on the 1nner tube;

a first end wall closing the second end of the inner tube 1n a fluid-tight
manner; and

a second end wall securing the first end of the inner tube to the outer
tube 1n a flmd-tight manner such that the fluid directing structure on the inner tube

provides the only fluid path from the central passage to the fluid passage.

16. The fuel burner of claim 15, wherein the fluid directing structure on the
inner tube includes a plurality of openings and a guide associated with each opening,
the guides being angled relative to the 1nner surface for radially rotating the pre-mixed

mixture about the central axis.

17. The fuel burner of claim 16, wherein the guides are arranged 1n a series
of rows that extend continuously around the periphery of the inner tube to encircle the

central axis.
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18. The tuel burner of claim 16, wherein the fluid directing structure on the
outer tube 1ncludes a plurality of openings and a guide associated with each opening,
the guides being angled relative to the inner surtace for radially rotating the pre-mixed

mixture about the central axis.

19. The fuel burner of claim 18, wherein the guides are arranged 1n a series
of rows that extend continuously around the periphery of the inner tube to encircle the

central axis.

20. The tuel burner of claim 15, wherein the fluid directing structure on the
inner tube extends around the entire periphery of the inner tube such that a flame
envelope overlies and intermixes with the pre-mixed mixture entering the fluid passage

from the flumid directing structure on the outer tube.

21. The fuel burner of claim 15, wherein the pre-mixed mixture 1s radially

layered within the tluid passage.

22. The fuel burner of claim 15, wherein the fuel burner produces about

10ppm of total NOy at about 10% CO».

23. A heating apphance including the fuel burner of claim 135.

24. The tuel burner of claim 15 further comprising a housing defining an
interior for receiving the inner tube and the outer tube, the a plate securing the second

end of the outer tube to the housing 1n a fluid-tight manner.

25. The fuel burner of claim 15, wherein the second end wall 1s movable
along the central axis relative to the 1inner tube and the outer tube for varying the

volume of the fluid passage that receives the pre-mixed mixture.
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