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Description

BACKGROUND

[0001] The present disclosure relates generally to
flame effects and, more particularly, to a system and
method for generating flame effects using a fuel nozzle
system.
[0002] Flame effects (e.g., visible flame outputs) are
used to provide an aesthetic display for patrons and oth-
ers across a wide variety of applications and industries,
including in the fireworks industry, the service industry
(e.g., restaurants, movie theaters), and in amusement
parks, among others. Flame effects generally include ig-
nition and/or burning of one or more fuels. For example,
a torch displayed in a restaurant may include a wick that
is soaked in a fuel (e.g., kerosene) configured to burn
upon ignition. The burning kerosene and wick may pro-
duce a flame effect that releases ambient light for patrons
in the restaurant.
[0003] Flame effects may be more aesthetically ap-
pealing and impressive when they are large and colorful.
For example, a flame effect with a large, orange flame
may be more appealing and impressive than a flame ef-
fect with a small, light-yellow flame. Further, a small, light-
yellow flame may not be visible, fully or partially, in out-
door applications on a bright afternoon. Indeed, in out-
door applications in particular, flame effects may be vis-
ibly different at different times of the day or year depend-
ing on environmental factors (e.g., sunlight, weather, pol-
lution, wind conditions). Unfortunately, colorful flame ef-
fects generally coincide with incomplete combustion, and
incomplete combustion generally results in pollution via
residual materials (e.g., pollutants) commonly referred
to as soot or ash. Thus, it is now recognized that there
exists a need for improved systems and methods for gen-
erating flame effects that balance cleanliness, efficiency,
and coloration, such that the flame effects are aestheti-
cally appealing, clean burning, cost-effective, clearly vis-
ible at any given time during operation, and adaptable to
environmental factors.
[0004] DE4025808 A1 and JPS63315814 A disclose
nozzle systems and methods of operating nozzle sys-
tems according to the prior art.

BRIEF DESCRIPTION

[0005] The invention is a system according to claim 1
and a method according to claim 9.
[0006] Certain embodiments commensurate in scope
with the originally claimed subject matter are summarized
below. These embodiments are not intended to limit the
scope of the disclosure, but rather these embodiments
are intended only to provide a brief summary of certain
disclosed embodiments. Indeed, the present disclosure
may encompass a variety of forms that may be similar
to or different from the embodiments set forth below.
[0007] In accordance with one aspect of the present

disclosure, a system includes a nozzle assembly with an
outer nozzle and an inner nozzle. At least a portion of
the inner nozzle is nested within at least a portion of the
outer nozzle. The system also includes a fuel source with
two or more separate types of fuel.
[0008] In accordance with another aspect of the
present disclosure, a system includes an automation
controller configured to regulate a fuel source to control
a fluid flow from the fuel source to a first nozzle and to a
second nozzle of a nozzle assembly based on environ-
mental factors surrounding the system.
[0009] In accordance with another aspect of the
present disclosure, a method of operating a system in-
cludes determining environmental factors around the
system and fluidly coupling a first type of fuel from a fuel
source that has two or more separate fuel types with a
first nozzle and a second type of fuel from the fuel source
with a second nozzle. The method of operation also in-
cludes passing the first type of fuel through the first nozzle
at a first pressure, passing the second type of fuel through
the second nozzle at a second pressure, and passing
the first type of fuel and the second type of fuel over an
ignition feature, such that the first type of fuel and the
second type of fuel ignite to generate a flame effect.
[0010] Subsystems and components that make up the
flame effect system include various features that individ-
ually or cooperatively enable efficient utilization of fuel,
control and management of flame characteristics, rela-
tive positioning of flame elements, control of flame fea-
tures based on environmental conditions, control of as-
sociated debris (e.g., soot and ash), and enhanced op-
erational characteristics. These different features and
their specific effects are described in detail below.

DRAWINGS

[0011] These and other features, aspects, and advan-
tages of the present disclosure will become better under-
stood when the following detailed description is read with
reference to the accompanying drawings in which like
characters represent like parts throughout the drawings,
wherein:

FIG. 1 is a schematic block diagram of an embodi-
ment of a flame effect system including a nozzle as-
sembly and controls system, in accordance with the
present disclosure;

FIG. 2 is a perspective view of an embodiment in-
cluding a portion of the flame effect system including
a nested nozzle assembly and control system fea-
tures integrated with a dragon model, in accordance
with the present disclosure;

FIG. 3 is a perspective view of an embodiment of a
nozzle assembly including nested nozzles, in ac-
cordance with the present disclosure;
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FIG. 4 is a cross-sectional view of an embodiment
of a nozzle assembly including nested convergent-
divergent nozzles, in accordance with the present
disclosure.

FIG. 5 is a front view of the nozzle assembly of FIG.
4, in accordance with the present disclosure;

FIG. 6 is a cross-sectional view of an embodiment
of a nozzle assembly including three nozzles in a
nested arrangement, in accordance with the present
disclosure;

FIG. 7 is a front view of the nozzle assembly of FIG.
6, in accordance with the present disclosure;

FIG. 8 is a cross-sectional view of an embodiment
of a nozzle assembly including two converging noz-
zles, in accordance with the present disclosure;

FIG. 9 is a cross-sectional view of an embodiment
of a nozzle assembly including two substantially
straight walled nozzles, in accordance with the
present disclosure;

FIG. 10 is a cross-sectional view of an embodiment
of a nozzle assembly including two nested nozzles,
in accordance with the present disclosure;

FIG. 11 is a perspective view of an embodiment of
a nozzle assembly including two nested nozzles, in
accordance with the present disclosure;

FIG. 12 is a schematic block diagram of a nozzle
assembly, in accordance with the present disclo-
sure; and

FIG. 13 is a method of operating a system including
a nozzle assembly, in accordance with the present
disclosure.

DETAILED DESCRIPTION

[0012] Presently disclosed embodiments are directed
to systems and methods for generating and controlling
flame effects that may be aesthetically appealing, clearly
visible during operation, substantially clean burning,
cost-effective, and adaptable to environmental factors
(e.g., sunlight, weather, pollution, wind conditions). Pres-
ently disclosed embodiments include systems and meth-
ods that utilize nozzle assemblies with nested nozzles
that facilitate providing desired flame characteristics. For
example, present embodiments may control the quanti-
ties of fuel, pressures of fuel, types of fuel, and so forth
that flow through the various nozzles of a nested nozzle
assembly to achieve certain flame characteristics (e.g.,
projection distance, arrangement of gas envelopes, vis-
ibility, soot content, soot scattering patterns). Present

embodiments may include or employ converging-diverg-
ing nozzles (e.g., de Laval nozzles) with nozzle assem-
blies for generating flame effects to encourage specific
flame characteristics. For simplicity, the converging-di-
verging nozzles may be referred to herein as "Laval noz-
zles". It should be noted, however, that embodiments of
the present disclosure encompass any converging-di-
verging nozzles configured to accelerate gas through
such nozzles.
[0013] Turning first to FIG. 1, a schematic block dia-
gram is shown that includes an embodiment of a flame
effect system 10 in accordance with the present disclo-
sure. The system 10 may include, among other things,
a nozzle assembly 12. In the illustrated embodiment, the
nozzle assembly 12 includes an inner nozzle 14 and an
outer nozzle 16, where at least a portion of the inner
nozzle 14 is nested within and generally concentric with
at least a portion of the outer nozzle 16. In one embodi-
ment, the inner and outer nozzles 14, 16 may include
portions that are axially symmetric and/or planar sym-
metric, but are not entirely concentric. In embodiments
in accordance with the present disclosure, the nozzle as-
sembly 12 is configured to produce a flame effect 17 (e.g.,
plume of fire) that is clearly visible and adaptable to en-
vironmental factors.
[0014] The nozzle assembly 12 in the illustrated em-
bodiment is configured to produce the flame effect 17 by
accelerating or passing fuels (e.g., gaseous or substan-
tially gaseous fuels) through the inner nozzle 14 and the
outer nozzle 16. In some embodiments, a regulation de-
vice may regulate pressure (and, thus, flow rate) and/or
temperature of the fuels (e.g., prior to reaching the noz-
zles 14, 16), such that the fuels are delivered to the noz-
zles 14, 16 at a high enough flow rate to enable the fuels
to accelerate or pass through and, in some embodiments,
mix within the nozzle assembly 12. For example, in one
embodiment, the inner nozzle 14 and the outer nozzle
16 may each include a converging portion and a diverging
portion. The converging and diverging portions may be
configured to accelerate the gases through the nozzles
14, 16. In another embodiment, the nozzles 14, 16 may
only include a converging portion or the nozzles 14, 16
may only include a diverging portion. In either embodi-
ment, the nozzles 14, 16 are each configured to restrict
a path through which fuel gas or gases flow, such that
operational pressures of the flame effect system 10 (e.g.,
pressures supplied by the regulation device) may be min-
imized while still passing the gases through, and mixing
the gases within, each of the nozzles 14, 16. Further, the
inner nozzle 14 may terminate within the outer nozzle
16, such that gas flowing through the enter nozzle enters
into a central portion of the outer nozzle 16. Depending
on the embodiment, the gases may remain substantially
separate within the outer nozzle 16, or the gases may
mix within the outer nozzle 16. Such embodiments will
be discussed in detail below with reference to later fig-
ures. It should be noted that in some embodiments, fluid
(e.g., gases) other than fuel may be used to produce
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different effects (e.g., a fog related effect). Also, some
embodiments may use both fuel and non-fuel fluids. Fuel
gas is often used as a specific example in the present
disclosure, but it should be understood that other fluids
may be employed.
[0015] After passing through the nozzles 14, 16 (or be-
fore acceleration in some embodiments), the gaseous
fuels are ignited to produce the flame effect 17. In the
illustrated embodiment of FIG. 1, the gaseous fuels pass
through the nozzles 14, 16, exit the nozzle assembly 12
at high speeds and pass over an ignition feature 18 (e.g.,
an igniter), which includes a pilot light that lights or ignites
the gaseous fuels as they pass the pilot light to produce
the flame effect 17. The flame effect 17 is carried a dis-
tance away from the nozzle assembly 12 due to the speed
at which the hot gaseous fuels exit the nozzle assembly
12. Further, the flame effect 17 may include specific char-
acteristics based on various factors. For example, the
contours of the flow paths in the nozzles 14, 16 of the
nozzle assembly 12, the type of fuel used, which nozzle
14, 16 the different types of fuel are supplied through,
the pressure of the fuel, and so forth define characteris-
tics of the flame effect 17, as will be discussed in detail
below.
[0016] In the illustrated embodiment of FIG. 1, the sys-
tem 10 includes a fuel source 20 which includes gaseous
fuels that are accelerated through the nozzle assembly
12, as described above. The fuel source 20 may include
multiple compartments or tanks (e.g., a first tank 22, a
second tank 24, and a third tank 26), and each tank may
include a different type of fuel. One or more (or all) of the
tanks may include combustible fuel and one or more of
the tanks may include non-combustible material or some
other fluid (e.g., oxidant, inert gas, or diluents). For ex-
ample, the first tank 22 in the illustrated embodiment may
include propane, the second tank 24 may include natural
gas, and the third tank 26 may include nitrogen or some
other inert gas. However, in another embodiment, one
or more of the tanks may include some other type of fuel
or fluid not listed above, such as oxygen.
[0017] Further, an automation controller 28, which in-
cludes a processor 30 and a memory 32, may provide
outputs that initiate fluidly coupling of one of the tanks
22, 24, 26 with a fluid passageway for either one of the
inner or outer nozzles 14, 16, as described above. In the
illustrated embodiment, one of the tanks 22, 24, 26 may
be placed in fluid communication with a fluid passageway
34 of the inner nozzle 14 and another one of the tanks
may be placed in fluid communication with a fluid pas-
sageway 36 of the outer nozzle 16. For example, the
automation controller 28 may operate to place the first
tank 22 having a propane supply in fluid communication
with the fluid passageway 36 of the outer nozzle 16 and
to place the second tank 24 having natural gas supply in
fluid communication with the fluid passageway 34 of the
inner nozzle 14. The automation controller 28 may pro-
vide outputs based on one or more control algorithms
that take into account one or more input values (e.g.,

manual inputs, sensor measurement values, data feeds).
For example, in the illustrated embodiment, the automa-
tion controller 28 receives input from an Internet system
37, which is merely one example of a communication
network, a sensor 38 disposed in an environment 40
proximate the flame effect 17, or both. Further, the inputs
into the automation controller 28 may be analog, digital,
or both. The Internet system 37 (or a different communi-
cation network) and the sensor 38, or some other device
or input to the automation controller 28, provide the au-
tomation controller 28 with information relating to envi-
ronmental factors in the environment 40. For example,
the environmental factors may include brightness, pollu-
tion, sunlight, weather, time of day, humidity, wind con-
ditions, soot levels from the flame effect 17 or some other
environmental factor. In some embodiments, each of the
inner nozzle 14 and the outer nozzle 16 may include its
own corresponding fuel source, automation controller,
sensors, Internet system, program, and/or memory. Fur-
ther, in some embodiments, more than two nested noz-
zles or sets of nested nozzles may be employed.
[0018] The automation controller 28 may include a
burner controller 41 in addition to the processor 30. The
burner controller 41 is configured to initiate an ignition
sequence upon receiving a trigger signal from the proc-
essor 30. The burner controller 41 ignites the ignition
features 18 (e.g., an igniter), confirms ignition of the ig-
nition feature 18, and then proceeds to release the fuel
from the fuel source 20 to the nozzles 14, 16, which con-
sequently ignites the fuels to generate the flame effect
17. The processor 30 may then analyze all incoming in-
formation (e.g., digital or analog signals from the sensor
38, the Internet system 37, or some other input) and de-
termine whether to signal the burner controller 41 to begin
the ignition sequence again.
[0019] The processor 30 (e.g., of the automation con-
troller 28), which may represent multiple processors that
coordinate to provide certain functions, may execute
computer readable instructions (e.g., a computer pro-
gram) on the memory 32, which represents a tangible
(non-transitory), machine-readable medium. The com-
puter program may include logic that considers meas-
urements from the sensor 38, which may represent mul-
tiple different sensors, and/or Internet system 37 and de-
termines which tank or tanks of the fuel source 20 to
place in fluid communication with the fluid passageways
34, 36, of the system 10 to generate the most desirable
flame effect 17. The most desirable flame effect 17 may
include flame effect factors related to color of the flame
effect 17, brightness of the flame effect 17, cleanliness
of the flame effect 17, cost-effectiveness of the flame
effect 17, length of the flame effect 17, and/or safety of
the flame effect 17, among other factors. The computer
program executed by the processor 30 may take into
account all, more, or a subset of the flame effect 17 fac-
tors described above. Additionally, the automation con-
troller 28 may cooperate with different features of the
system 10 (e.g., a pump, a compressor, a bank of differ-
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ent or backup nozzles and nozzle arrangements) to con-
trol different aspects of the flame. For example, if the
automation controller 28 determines that more pressure
is needed, a compressor may be activated or an ignition
source prior to the entry of the nozzles 14, 16 may be
activated. As another example, if the controller deter-
mines that the nozzles 14, 16 are likely not functioning
properly (e.g., due to accumulation of soot), a valve may
close off access to the nozzles 14, 16 and direct the fuels
to a set of backup nozzles. In yet another embodiment,
a bank of different nozzles that provide different flame
characteristics may be selected for operation by the au-
tomation controller 28 based on sensor date (e.g., certain
nozzles may be preferred for windy conditions).
[0020] Continuing with the illustrated embodiment, the
automation controller 28 is configured to open and/or
close control valves 42, 44, one for each of the inner
nozzle 14 and the outer nozzle 16, respectively, to enable
or block fluid flow through the fuel passageways 34, 36
to the inner nozzle 14 and the outer nozzle 16, respec-
tively. The automation controller 28 may open and/or
close the control valves 42, 44 based on measurements
and/or information from the sensor 38 and Internet sys-
tem 37 in the same manner as described above. In some
embodiments, the automation controller 28 may open or
close one or both of the control valves 42, 44 to a certain
finite extent to regulate pressure of the fuel sent to either
of the fuel passageways 34, 36 from the fuel source 20.
Alternatively or in combination with the above described
controls aspect, the control valves 42, 44 may each in-
clude a regulator, or a regulator may be included in the
fuel source 20, to regulate pressure. The automation con-
troller 28 may be instructed via the processor 30 to control
the regulator or the control valves 42, 44 in the manner
described above. In other words, in general, the automa-
tion controller 28 may regulate pressure of the fuel being
supplied to the fuel passageways 34, 36 (and, eventually,
to the inner nozzle 14 and outer nozzle 16) based on
environmental factors supplied by the sensor 38 and/or
the Internet system 37. Further, pressure of the fuels de-
livered to the inner nozzle 14 and outer nozzle 16, re-
spectively, may be different for each of the inner nozzle
14 and outer nozzle 16, depending on the desired flame
effect. For example, to achieve approximately a 30 to 40
foot (9.1 to 12.2 meter) flame, pressure (e.g., measured
in pounds per square inch (psi) and kilopascals (kPa)) of
natural gas delivered to the inner nozzle 14 may, for ex-
ample, range from 10 to 40 psi (69 to 276 kPa), 20 to 30
psi (138 to 207 kPa), or 22 to 28 psi (152 to 193 kPa),
and pressure of propane delivered to the outer nozzle
16, for example, may range from 1 to 20 psi (7 to 138
kPa), 5 to 15 psi (34 to 103 kPa), or 7 to 11 psi (48 to 76
kPa). It should be noted that, in some embodiments, a
pulsed flame effect 17 may be achieved by delivering
fuels at the above pressures or otherwise to the inner
and outer nozzles 14, 16 in pulses. For example, the
automation controller 28 may instruct the fuel source 20
(e.g., via regulators or via the control valves 42, 44) to

supply propane to the outer nozzle 16 and natural gas
to the inner nozzle 14 at a constant pressure in five sec-
ond intervals, separated by three second intervals of cut-
ting off the fuel source (e.g., via regulators or via the
control valves 42, 44). This may result in the flame effect
17 being visible in repeated five second intervals, each
separated by three second intervals. Between intervals,
the automation controller 28 may cause an inert gas to
pass through both nozzles 14, 16 to rapidly extinguish
residual flame. The inert gas, in some embodiments, may
also be used to discharge debris, including soot and ash,
away from the nozzle assembly 12 to prevent building
up within the nozzles 14, 16 and surrounding equipment
or objects. In other words, the inert gas would not only
extinguish residual flame, but may also be used to clear
soot and ash already within the nozzles 14, 16 away from
the flame effect system 10 in general.
[0021] Further to the discussion above, the sensor 38
disposed in the environment 40 and the Internet system
37 or other devices or communication systems may be
configured to detect and/or supply data regarding a
number of various environmental factors of the environ-
ment 40 to the automation controller 28, including envi-
ronmental brightness (e.g., sunlight), brightness of the
flame effect 17, pollution, temperature, wind conditions,
and weather, among others. For example, the sensor 38
may detect that the environment 40 is relatively bright,
and may provide information related to the brightness of
the environment 40 to the automation controller 28. The
automation controller 28 may perform logic based on the
information received from the sensor 38 provide output
to place the first tank 22 (having propane) of the fuel
source 30 in fluid communication with the second fluid
passageway 36 and the second fuel tank 24 (having nat-
ural gas) of the fuel source 30 in fluid communication with
the first fluid passageway 34. The automation controller
28 may also instruct the control valves 42, 44 to open
fully, such that the first fuel tank 22 is fluidly coupled to
the outer nozzle 16 and the second fuel tank 24 is fluidly
coupled to the inner nozzle 14, where the propane is
supplied to the outer nozzle 16 with the same or different
pressure and flow rate as the natural gas being supplied
to the inner nozzle 14, depending on information received
by the processor 30 from the sensor 38, Internet system
37, or some other input to the processor 30, and depend-
ing on the desired flame effect 17. The propane may be
accelerated through the outer nozzle 16, and the natural
gas may be accelerated through the inner nozzle 14. The
gases may exit the nozzle assembly 12, pass over the
pilot light of the igniter 18, and produce the visible flame
effect 17, where the flame effect 17 achieves an optimal
combination of brightness, cost-effectiveness, and
cleanliness based on the environmental factors originally
supplied to the processor 30, as described above.
[0022] It should be noted that, as indicated above, the
processor 30 may execute a computer program (e.g.,
control logic) that takes into account inputs based on such
factors as brightness, cost-effectiveness, and cleanli-
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ness of the flame effect 17. Further, the computer pro-
gram may weight each of these factors, and other factors,
based on a desired importance of such factors. Further,
the automation controller 28 may control a type of fuel
supplied to each fuel passageway 24, 26 (and, thus to
either nozzle 14, 16), and/or a flow rate (and, thus pres-
sure) of the types of fuel supplied to either fuel passage-
way 24, 26 (and, thus, to either nozzle 14, 16). For ex-
ample, in one embodiment, on a bright day, the controller
28 may instruct the above actions to ensure that the flame
effect 17 burns a clearly visible color during daylight, but
still cost-effectively and cleanly. Alternatively, in another
embodiment, on a dark day, the controller 28 may instruct
the above actions to ensure that the flame effect 17 is
clean and cost-effective, but still visible. Details regarding
types of fuels supplied to the inner and outer nozzles 14,
16 and flow rate of said fuels, with respect to achieving
a desirable flame effect 17, will be described in further
detail below.
[0023] Turning now to FIG. 2, a perspective view of a
portion of an embodiment of the system 10 and accom-
panying nozzle assembly 12 is shown disposed within a
dragon model 60 (e.g., a statue or animatronic system).
The system 10 may be at least partially hidden within the
dragon model 60 (e.g., within a mouth 62 of the dragon
60), such that the flame effect 17 produced by the system
10 and the accompanying nozzle assembly 12 exits the
mouth 62 of the dragon statue 60. In other words, the
system 10 in combination with the dragon statue 60 may
result in the intentional illusion of a fire-breathing (e.g.,
exhaling) dragon 60 for entertainment value.
[0024] In the illustrated embodiment, components of
the system 10 are generally hidden within the mouth 62
of the dragon 60. For example, with reference to compo-
nents described in FIG. 1, the fuel source 20, the con-
troller 28, the control valves 42, 44, the internet system
37, the processor and memory 30, 32, and other com-
ponents may be entirely hidden from view from a location
external to the mouth 62 of the dragon 60. Certain com-
ponents within the mouth 62 may be mounted onto an
inner surface of the dragon 60 for positioning the system
10. For example, the fuel source 20 of the fuel may be
mounted to a component of the dragon 60, such that the
components directly and indirectly coupled (e.g., struc-
turally coupled) to the fuel source 20 are also supported.
Further, the nozzles 14, 16 may hang from a top of the
mouth 62 of the dragon 60, or may be propped up by a
component extending upwards from a bottom of the
mouth 52 of the dragon 60 to the nozzles 14, 16. Further,
the igniter 18 may include a pilot light 64, where the igniter
18 (e.g., blast pilot) extends upwards (e.g., in direction
66) from a bottom surface just inside the mouth 62 of the
dragon 60 and, upon instruction from the burner control-
ler 41 (as described above), releases the pilot light 64.
In this way, the gaseous fuels accelerating out of the
nozzles 14, 16 may pass over the pilot light 64 of the
igniter 18 and continue out of the mouth 62 as the flame
effect 17, generally in direction 68. In some embodi-

ments, the flame effect 17 may measure, from the pilot
light 64 in the mouth of the dragon 62 in direction 68,
between approximately 10 - 60 feet (3 - 18 meters), 20 -
50 feet (6 - 15 meters), or 30-40 feet (9 - 12 meters). The
distance of the flame effect 17 from the mouth 52 of the
dragon 60 may be at least partially determined by the
flow rate of the fuels being supplied to the fuel passage-
ways 34, 36 (and, thus, the flow rate of the fuels being
supplied to the inner nozzle 14 and outer nozzle 16),
among other factors, where the flow rate and said other
factors are controlled via the controller 28, as described
above.
[0025] Turning now to FIG. 3, a perspective view of the
nozzle assembly 12 is shown with the inner nozzle 14
and the outer nozzle 16. The inner nozzle 14 may include
a threaded portion 70 at an inlet 72 of the inner nozzle
14 for coupling the inner nozzle 14 to the corresponding
control valve 42 or to a passageway (e.g., the passage-
way 34) extending between the inner nozzle 14 and the
control valve 42. The outer nozzle 14 may also include
a threaded portion 74 at an inlet 76 of the outer nozzle
16 for coupling the outer nozzle 16 to the corresponding
control valve 44 or to a passageway (e.g., the passage-
way 36) extending between the outer nozzle 16 and the
control valve 44.
[0026] In the illustrated embodiment, the inner nozzle
14 extends into a side 78 of the outer nozzle 16 and
curves into a substantially concentric orientation (e.g.,
relative to the outer nozzle 16) within the outer nozzle
16. In other words, at least an outlet 80 of the inner nozzle
14, in the illustrated embodiment, is substantially con-
centric with an outlet 81 of the outer nozzle 16 about a
longitudinal axis 82 extending generally in direction 68
within the nozzle assembly 12. In another embodiment,
the outlet 81 and the outlet 80 may not be substantially
concentric, but the cross sectional profile of the outlets
80, 81 may be substantially parallel to a single plane (e.g.,
a plane perpendicular to direction 68). In other words, in
some embodiments, the outlet 81 and the outlet 80 may
be nested (e.g., for at least a portion) but may not be
substantially concentric. For example, the outlets 80, 81
may be axially symmetric and/or planar symmetric. Fur-
ther, in the illustrated embodiment, the outlet 80 of the
inner nozzle 14 is offset from the outlet 81 of the outer
nozzle 16 along the longitudinal axis 82 by an offset dis-
tance 84. Technical effects of the substantial concentric-
ity and offset distance 84 of the nozzle assembly 12 are
described below.
[0027] As previously described, gaseous fuels or other
fluids (e.g., non-combustible fluids or inert gases) are
accelerated through both the inner nozzle 14 and the
outer nozzle 16. For example, fuel enters the outer nozzle
16 at the inlet 76 of the outer nozzle 16. The fuel accel-
erates through the outer nozzle 16 and approaches an
outer surface 86 of the inner nozzle 14, which may par-
tially disrupt the flow of the fuel (e.g., fluid) through the
outer nozzle 16. However, the outlet 80 of the inner noz-
zle 14 is offset the offset distance 84 from the outlet 81
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of the outer nozzle 16. Accordingly, the flow of the fuel
within the outer nozzle 16 may at least partially recover
and/or accelerate in the nozzle assembly 12 before ex-
iting the outlet 81 of the outer nozzle 16. In other words,
when the flow of the fuel within the outer nozzle 16 passes
over the inner nozzle 14, the flow may be disrupted and
may become more turbulent. After passing the outlet 80
of the inner nozzle 14, the flow of the fuel from the outer
nozzle 16 passing the outlet 80 of the inner nozzle 14
may partially recover (e.g., become less turbulent) due
to (a) radially outward pressure against the fuel (e.g., the
fuel supplied to the outer nozzle 16) by the flow of fuel
exiting the outlet 80 of the inner nozzle 14 (e.g., the fuel
supplied to the inner nozzle 14) and (b) radially inward
pressure against the fuel (e.g., the fuel supplied to the
outer nozzle 16)by the structure of the outer nozzle 16
itself.
[0028] Further, as indicated above, fluid enters the in-
ner nozzle 14 through the inlet 72 of the inner nozzle 14
and curves into, for example, the substantially concentric
portion of the inner nozzle 14 within the outer nozzle 16
or a least a portion that substantially shares a flow path
direction with the outer nozzle 16. The fuel accelerates
through the inner nozzle 14 and exits at the outlet 80 of
the inner nozzle 14 into a portion of the outer nozzle 16.
Accordingly, the fuel accelerating through the outer noz-
zle 16 may form a substantially annular layer 88 about
the fuel flowing out of the inner nozzle 14 and into the
outer nozzle 16. As described above, the fuel in the an-
nular layer 88 may at least partially recover after being
disrupted by the obstacle presented by the inner nozzle
14 due to inward pressure from the outer nozzle 16 itself
and outward pressure via a cylindrical flow body 90 of
fuel exiting the inner nozzle 14. In other words, the an-
nular layer 88 may surround or envelop the substantially
cylindrical flow body 90 (e.g., in volumetric terms). The
cylindrical flow body 90 and the annular layer 88 may
actually be warped or curvilinear due to the convergence
and divergence of the outer nozzle 16. Further, in some
embodiments, the cylindrical flow body 90 and the annu-
lar layer 88 may mix fully or to a finite extent due to the
configuration of the outer nozzle 16 through which the
annular layer 88 flows and through which the cylindrical
flow body 90 flows after exiting the inner nozzle 14. Ac-
cordingly, it should be understand that the annular layer
88 and the cylindrical flow body 90 within the outer nozzle
16 downstream of the outlet 80 of the inner nozzle 14
may generally conform to the shape of the outer nozzle
16 downstream of the outlet 80 of the inner nozzle 14 or,
in some embodiments, may mix due to the shape of the
outer nozzle 16 downstream the outlet 80 of the inner
nozzle 14. Thus, it should be recognized that variations
of a "annular layer" and/or "cylindrical flow body" geom-
etry (e.g., relative to the flow of the fluids through the
nozzle assembly 12) may occur, but that said terms "an-
nular layer" and/or "cylindrical flow body" are indicative
of the general shape of the flow of fluid in one embodiment
coming from the outer nozzle 16 and the inner nozzle 14,

respectively. The various embodiments pertaining to the
configuration of and effect of fluid flowing through the
nozzles 14, 16 will be discussed in greater detail below.
[0029] Continuing with the illustrated embodiment, the
annular layer 88 may include a first type of fuel (or other
fluid) and the cylindrical flow body 90 may include a sec-
ond, different type of fuel (or other fluid), as previously
described. It should be noted that the fluid flowing through
the outer nozzle 16 before reaching the inner nozzle 14
at the point where the inner nozzle 14 enters the outer
nozzle 16 may actually flow through the entirety of the
outer nozzle 16 and, thus, would not be an "annular film"
until the inner nozzle 14 intersects into the outer nozzle
16. The fuel or fluid that makes up the annular layer 88
and the fuel or fluid that makes up the cylindrical flow
body 90 may be determined based on environmental fac-
tors, as previously described, measured by the sensor
38 and relayed through the processor 30 to instruct the
automation controller 28 to, for example, adjust fuel
sources 22 and 24 and control valves 42 and 44 accord-
ingly (e.g., as illustrated in FIGS. 1 and 2). For example,
in one embodiment, the annular layer 88 (e.g., of the
outer nozzle 16) includes propane, which generally burns
more visibly in daylight than other combustible fuels (e.g.,
natural gas). The cylindrical flow body 90 (e.g., originat-
ing in the inner nozzle 14), for example, may include nat-
ural gas, which generally burns less visibly during day-
light but is cleaner and less expensive than other com-
bustible fuels (e.g., propane). In this way, on a bright day,
the flame effect 17 produced by the nozzle assembly 12
may include a clearly visible, burning annular layer 88
around a cleaner burning, less expensive, cylindrical flow
body 90. In another embodiment, the annular layer 88
and the cylindrical flow body 90 may actually mix within
the outer nozzle 16 downstream the outlet 80 of the inner
nozzle 14. Accordingly, the flame effect 17 may be bright
and clean burning, but may not necessarily include a
bright burning outer layer (e.g., sheath) and a clean burn-
ing inner portion, but may rather be subsntially mixed
such the entire flame effect 17 is bright and colorful while
also maintaining cleanliness.
[0030] In another embodiment, the annular layer 88
may include the natural gas and the cylindrical flow body
90 may include the propane, which results in a clearly
visible burning cylindrical flow body 90 and a cleaner
burning, less expensive, annular layer 88. Alternatively,
the two portions of fluids may mix thoroughly, as de-
scribed above. Further, in any of the embodiments de-
scribed above, natural gas is generally more buoyant
than propane, which may enable the cleaner burning nat-
ural gas to "carry" the combusted or burned propane pol-
lutants a distance such that the propane pollutants may
be distributed and/or dissipated over the distance as it
mixes with air, as opposed to the propane pollutant being
concentrated (e.g., deposited) in a particular area. As
previously described, the type of fuel chosen for each
nozzle 14, 16, may be instructed via the automation con-
troller 28 based on environmental factors measured by,
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and relayed from, the sensor 38 and/or the Internet sys-
tem 37. Further, respective pressures (and, thus, respec-
tive flow rates) of the fuel in the annular layers 88 and
the fuel in the cylindrical flow body 90 may be enabled
via instruction of the automation controller 28, as previ-
ously described, to optimize the flame effect 17 based
on the computer program executed by the processor 30.
[0031] Turning now to FIG. 4, an embodiment of the
nozzle assembly 12 is illustrated in a cross-sectional side
view. Specifically, in the embodiment illustrated by FIG.
4, the nozzles 14, 16 are Laval nozzles. In the illustrated
embodiment, the inner nozzle 14 enters into the side 78
of the outer nozzle 16 at an angle 100, where the angle
100 is measured between a longitudinal axis 102 of an
entry portion 104 of the inner nozzle 14 and the longitu-
dinal axis 82 of the nozzle assembly 12. The angle 100
may be between approximately 20 and 70 degrees, 30
and 60 degrees, 40 and 50 degrees, or 43 and 47 de-
grees. The angle 100 may be determined during design
based on a number of factors. For example, the angle
100 may be obtuse to enable a better flow through the
inner nozzle 14. In other words, with an obtuse angle
100, the inner nozzle 14 includes a more gradual curve
102 within the outer nozzle 16, which may enable im-
proved flow through the inner nozzle 14. However, by
including the obtuse angle 100, the entry portion 104 of
the inner nozzle 14 may be longer and present a larger
obstacle for the flow within the outer nozzle 16 to over-
come. Alternatively, with an acute angle 100, the entry
portion 104 is shorter and presents a smaller obstacle
for the flow within the outer nozzle 16 to overcome, but
the flow within the inner nozzle 14 may experience in-
creased turbulent flow due to the abrupt directional flow
change. Further, the offset distance 84 may affect the
optimal angle 100, because with a greater offset distance
84, the annular film 88 has a greater distance to recover
from the flow obstacle presented by the entry portion 104
of the inner nozzle 14. Thus, in some embodiments, the
offset distance 84 may be longer and the angle 100 more
acute, which enables improved flow through the inner
nozzle 14 and a greater distance for the flow through the
outer nozzle 16 (e.g., the annular film 88) to recover.
[0032] Continuing with FIG. 4, both the inner nozzle 14
and the outer nozzle 16, as previously described, con-
verge in one portion and diverge in another portion. For
example, the inner nozzle 14 includes a converging por-
tion 106 and a diverging portion 108 and the outer nozzle
16 includes a converging portion 110 and a diverging
portion 112. Between the converging and diverging por-
tions 106, 108 of the inner nozzle 14 is a throat 114 of
the inner nozzle 14. Between the converging and diverg-
ing portions 110, 112 of the outer nozzle 16 is a throat
116 of the outer nozzle 16. In the illustrated embodiment,
the outlet 80 of the inner nozzle 14 is disposed adjacent
the beginning of the converging portion 110 of the outer
nozzle 16. In other words, in some embodiments, the
offset distance 84 may substantially correspond with a
length of the converging portion 110 and the diverging

portion 112 of the outer nozzle combined. This may en-
able at least partial recovery of the annular layer 88 in
the outer nozzle 16 within the converging and diverging
portions 110, 112 of the outer nozzle 16. Alternatively, in
some embodiments, this may provide a larger distance
within the outer nozzle 16 (e.g., measured from the outlet
80 of the inner nozzle 14 to the outlet 81 of the outer
nozzle 16) through which the gases (e.g., the annular
layer 88 and the cylindrical flow body 90) may mix.
[0033] An embodiment of the nozzle assembly 12 is
shown in a front view illustration in FIG. 5. In the illustrated
embodiment, the outlet 80 of the inner nozzle 14 is sub-
stantially concentric with the outlet 81 of the outer nozzle
16 about the longitudinal axis 82. During operation, the
annular layer 88 will be between the outer nozzle 16 and
the inner nozzle 14, and the cylindrical flow body 90 exits
the inner nozzle 14 and includes a cross-section within
the outer nozzle 16 substantially equal to the cross-sec-
tion of the outlet 80 of the inner nozzle 14. However, it
should be noted that cross sections of the annular layer
88 and the cylindrical flow body 90 taken at one point
within the outer nozzle 16 along the longitudinal axis 82
may not be exactly the same as cross sections of the
annular layer 88 and the cylindrical flow body 90, respec-
tively, at another point within the outer nozzle 16 along
the longitudinal axis 82. Differences between the cross-
sections may occur due to the convergence and diver-
gence of the outer nozzle 16, which decreases and in-
creases the cross-sectional area, respectively, of the out-
er nozzle 16. Differences between the cross-sections
may also occur due to the inner nozzle 14 interrupting
flow in the outer nozzle 16 downstream the converging
and diverging portions 110, 112 (as shown in FIG. 4) of
the outer nozzle 16. Further, as described above, the
annular layer 88 and the cylindrical flow body 90 may mix
in some embodiments due to the contour of the outer
nozzle 16 downstream the inlet 80 of the inner nozzle 14.
[0034] Although embodiments of the nozzle assembly
12 described above include the inner nozzle 14 and the
outer nozzle 16, some embodiments may include more
than two nozzles. For example, an embodiment of the
nozzle assembly 12 having three nozzles is illustrated in
a cross-sectional side view in FIG. 6 and a front view in
FIG. 7. In the illustrated embodiments, the inner nozzle
14 and the outer nozzle 16 are both disposed within a
third nozzle 120. The inner nozzle 14 may enter into a
side 122 of the third nozzle 120 in the same way the inner
nozzle enters the side 78 of the outer nozzle 16. The
outer nozzle 120 may be coupled to the same fuel source
(e.g., the fuel source 20) as the inner nozzle 14 and the
outer nozzle 16. In the illustrated embodiment, each noz-
zle 14, 16, 120 may include a different type of fuel. For
example, the inner nozzle 14 may include natural gas,
the outer nozzle 16 may include propane, and the third
nozzle 120 may include nitrogen, which may serve to
"carry" pollutants from, for example, burned propane a
distance from the nozzle assembly 12 after exiting the
nozzle assembly 12, as similarly described above with
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reference to the natural gas. In this way, the fuel exiting
an outlet 124 of the third nozzle 120 (e.g., after passing
through a converging portion 126 and diverging portion
128 of the third nozzle 120) may include the cylindrical
flow body 90, the annular layer 88, and a second annular
layer 130 radially adjacent to and surrounding the annular
film 88. As previously described, the cylindrical flow body
90, the annular layer 88, and the second annular layer
130 may each include a different type of fuel relative to
one another. For example, the cylindrical flow body 90
may include natural gas, the annular layer 88 may include
propane, and the second annular layer 130 may include
nitrogen. In another embodiment, the cylindrical flow
body 90 may include nitrogen, the annular layer 88 may
include natural gas, and the second annular layer 130
may include propane. Any fuel or fluid may be used for
any of the three nozzles depending on the desired flame
effect 17.
[0035] It should be noted that while certain embodi-
ments of the nozzles are illustrated as including converg-
ing-diverging nozzles, in other embodiments variations
of the nozzle types might be employed. For example,
some may be simply converging or include substantially
consistent (parallel) walls. In FIG. 8, an embodiment of
the nozzle assembly 12 is shown having the inner nozzle
14 and the outer nozzle 16, where the inner nozzle 14
and the outer nozzle 16 are converging nozzles. In other
words, the inner nozzle 14 includes the converging por-
tion 106 and the outer nozzle 16 includes the converging
portion 110. Neither nozzle 14, 16, in the illustrated em-
bodiment, includes a diverging portion. The converging
portions 106, 110 may accelerate fuel through each re-
spective nozzle 14, 16, and the fuels exit the nozzle as-
sembly 12 through the outlet 81 of the outer nozzle 16.
In FIG. 9, an embodiment of the nozzle assembly 12 is
shown having the inner nozzle 14 and the outer nozzle
16, where the inner nozzle 14 and the outer nozzle 16
are substantially consistent (parallel) straight walled noz-
zles. In other words, an inner portion 140 of the inner
nozzle 14 is substantially cylindrical, where an inner sur-
face 142 of the inner portion 140 of the inner nozzle 14
extends substantially in direction 68, parallel with the lon-
gitudinal axis 90. Additionally, an inner portion 144 of the
outer nozzle 16 is substantially cylindrical, where an inner
surface 146 of the inner portion 144 of the outer nozzle
16 extends substantially in direction 68, parallel with the
longitudinal axis 90. In general, the contours of the var-
ious nozzles 14, 16, as well as the offset or offsets (e.g.,
offset distance 84) between the outlets 80, 81 of the noz-
zles 14, 16, respectively, may be selected depending on
the desired flame effect 17. For example, if the desired
flame effect 17 requires that the gases from the inner
nozzle 14 and the outer nozzle 16 mix within the nozzle
assembly 12, appropriate contours of the inner and outer
nozzles 16 and an appropriate offset distance 84 may be
selected accordingly. If the desired flame effect 17 re-
quires that the gases from the inner nozzle 14 and the
outer nozzle 16 remain separate (e.g., by maintaining

substantially the annular film 88 and cylindrical body flow
90 through the nozzle assembly 12), the appropriate con-
tours of the inner and outer nozzles 16 and the offset
distance 84 may be selected accordingly.
[0036] It should also be noted that, in other embodi-
ments, the fluid passageways of the nozzles may be cou-
pled together or attached in some other manner. One
such embodiment is illustrated in FIG. 10, which is a
cross-sectional representation of the inner and outer noz-
zles 14, 16 in a particular gemoetry. In the illustrated em-
bodiment, one or more fuel passageways (e.g., passage-
ways 146), which are coupled to the fuel source 20 (not
shown), may each carry a different type of fuel or fluid to
the outer nozzle 16. Or, each of the passageways 146
may carry the same fuel or fluid to the outer nozzle 16.
In the illustrated embodiment, an inner passageway 147
is coupled to the inner nozzle 14, and supplies fuel or
fluid from the fuel source 20 (not shown) to the inner
nozzle 14. The nozzle assembly 12 may then pass the
fuels through each of the nozzles 14, 16 such that the
fuels exit at the outlet 81 of the outer nozzle 16 and pass
over the pilot light 64 of the igniter 18 for generating the
flame effect 17. Fig. 11 shows a perspective cross-sec-
tional view of inner and outer nozzles 14, 16 with similar
features.
[0037] Other embodiments may also exist. For exam-
ple, in one embodiment, the nozzle assembly 12 may
only include a single nozzle, where a fuel or fluid pas-
sageway is coupled to the back of the nozzle and a series
of smaller fuel passageways may enter into a sidewall of
the nozzle and terminate at the sidewall. As such, fuel or
fluid passing through the smaller fuel passageways may
inject directly into the nozzle from the sidewall into the
stream of the fuel or fluid being routed through the nozzle
from the back of the nozzle.
[0038] As described above, any combustible or non
combustible gas may be used for any one of the nozzles
14, 16, 120 described heretofore, and said combustible
or non combustible gas selected for each nozzle 14, 16,
120 from the fuel source may be determined based on
measurements taken by the sensor 38 or provided to the
processor 30 by the Internet system 37 relating to envi-
ronmental factors. The particular type of gas (e.g., fuel)
accelerated through each nozzle 14, 16, 120 may include
desirable characteristics based on the measurements
taken by or provided by the sensor 36 and/or Internet
systems 38, 40. For example, as previously described,
propane may be selected for one of the nozzles 14, 16,
120 to provide a visible flame effect 17 that can be seen
during daylight. Natural gas may be selected for one of
the nozzles 14, 16, 120 for cleanliness and/or cost related
concerns. In particular, natural gas may be selected at
night, because burning natural gas is generally visible in
the dark and is more cost-effective and clean than pro-
pane, which is generally visible during the day and night.
Additionally, as previously described, a mass flow rate
(and, thus pressure) of any one of the fuels traveling
through any one of the nozzles 14, 16, 120 may be in-
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creased or decreased via action resulting from output
from controller 28 to one or more system actuators (e.g.,
control valves).
[0039] It should be noted that certain elements in the
previously illustrated embodiments may include some
variations not already described. For example, a sche-
matic diagram is shown in FIG. 12 to provide a basic
illustration of the system 10 and the nozzle assembly 12.
In the illustrated embodiment, a number of configurations
148 of the nozzle assembly 12 are shown having nested
nozzles with respective gas flow paths indicated by ar-
rows 149. In some embodiments, as indicated by a first
configuration 150, two nozzles may be in a substantially
concentric orientation 150 and an exit of the outer nozzle
may be farther along the gas flow path 149 than the exit
of the inner nozzle. In other embodiments, as generally
represented by a second orientation 152, three or more
nozzles may be in a substantially concentric orientation
and each respective nozzle from the second innermost
to the outermost may have an exit that extends farther
along the gas flow path 149 than that of the nozzle or
nozzles nested therein. In still other embodiments, as
generally represented by a third orientation 154, a
number of nozzles may be nested within one another and
certain nozzles may have exits that are aligned. In yet
other embodiments, nozzles that are nested within a noz-
zle may have an exit that extends further along the gas
flow path 149 than the nozzle in which they are nested.
In accordance with the present disclosure, any orienta-
tion and number of nested nozzles may be used for the
nozzle assembly 12.
[0040] In some embodiments, each nozzle may in-
clude converging and diverging portions, as previously
discussed, to facilitate acceleration of the hot gasses
passing through the particular nozzle. However, other
embodiments may include nozzles with only a converg-
ing portion, only a diverging portion, only a straight walled
(e.g., substantially cylindrical) portion, or some other
combination of the described portions. Also, while there
is an offset between outlets of nested nozzles in the il-
lustrated embodiments, in some embodiments, nozzle
outlets may be substantially aligned. For example, two
inner nozzles may have aligned outlets but remain offset
relative to an outermost nozzle that has an outlet extend-
ing past the outlet of the innermost nozzles.
[0041] Further, the nozzles may be configured to re-
ceive inserts, such that an insert may be manually insert-
ed into either of the nozzles to redefine the nozzles. For
example, a nozzle with a converging portion and a di-
verging portion may, based on the desired flame effect
17, receive an insert with only a converging portion to
temporarily redefine the nozzle as a nozzle with only a
converging portion. The nozzle with the insert may be
utilized until it is determined that the desired flame effect
17 may benefit from a nozzle with both a converging and
diverging, at which point the insert may be removed. It
should be noted that the initial configuration of the nozzle
may include only a converging portion or both a converg-

ing and diverging portion, and that the insert may include
only a converging portion or both a converging and di-
verging portion. Further, the insert may include the same
types of portions (e.g., converging and/or diverging) as
the initial nozzle, but the dimensions (e.g., cross-section-
al area, slope) of the various portions may be different
for the insert and may enhance the flame effect 17 in
some way in certain conditions (e.g., based on environ-
mental factors). Further still, the initial nozzle, the insert,
or both may include a straight walled (e.g., substantially
cylindrical) portion, as previously described. Also, vari-
ous different nozzles and/or nozzle inserts may be pro-
vided as nozzle banks that can be alternated in and out
of use by redirecting fuel flow or maneuvering the bank
of nozzles. In other words, the different nozzles and/or
nozzle inserts may be automatically placed into the noz-
zle assembly 12 via regulation by the automation con-
troller 28, which may determine the appropriate nozzle
and/or insert based on environmental factors received
by the automation controller 28 in addition to determining
the appropriate fuel source for each nozzle and the ap-
propriate pressure for each fuel source, as previously
described. In some embodiments, multiple controllers
may be used, where each controller controls one or more
of the components described above, and each controller
may receive instructions for the same or different proc-
essors, where each processor receives measurements
from the same or different sensors and/or Internet sys-
tems.
[0042] Continuing with FIG. 12, the automation con-
troller 28 may include or be coupled to one or more inputs
156. The inputs 156 may include measurements of the
environmental factors measured by the sensor 38 and
values of the environmental factors provided as provided
by the Internet system 37. The environmental factors may
include environmental brightness, flame brightness, en-
vironmental pollution, flame soot levels, weather, wind
conditions, time of day, and/or humidity. Further, the in-
puts 156 may be analog and/or digital inputs.
[0043] The automation controller 28 may also include
or be coupled to one or more actuators 158, where the
automated controller 28 provides instructions to the ac-
tuators 158 for regulating the actuators 158. The actua-
tors 158 may include valves, regulators, pumps, igniters,
or other features for actuating various features of the sys-
tem 10. The actuators 158 may include actuators 158
upstream of the nozzle assembly 12 and actuators 158
downstream of the nozzle assembly 12. For example,
upstream of the nozzle assembly 12, the actuators 158
may include a rotator configured to rotate the fuel source
20 about a bearing, where the bearing is physically cou-
pled to two or more fuel tanks of the fuel source 20. By
rotating the fuel source 20 about the bearing, one of the
two or more fuel tanks of the fuel source 20 may be fluidly
coupled to a conduit leading to one of the nozzles. In
other embodiments, a different type of actuator 158 may
be used to couple the appropriate fuel type to the appro-
priate nozzle. Further, upstream of the nozzle assembly
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12, the actuators 158 may include a regulatory device
for regulating pressures (e.g., supply pressures) of the
fuel types as they are delivered to the appropriate noz-
zles. For example, the actuators 158 may include a pump
configured to pump fuel to the nozzles at a certain pres-
sure. Other actuators 158 may be included for actuating
other portions of the system 10 upstream the nozzle as-
sembly 12, in accordance with the present disclosure.
[0044] Downstream of the nozzle assembly 12, one of
the actuators 158 may be a fan configured to blow up-
wardly and/or at an angle on the flame effect 17, such
that the soot generated by the flame effect 17 is blown
away from the system 10 and dispersed over a distance
as opposed to concentrated in one place near the system
10. In some embodiments, the ignition feature 18 may
be considered as one of the actuators 158, and the au-
tomation controller 28 may control the ignition feature 18
to determine when to use the ignition feature 18. For ex-
ample, in one embodiment, the ignition feature 18 is a
flame, where the fuels passing through the nozzle as-
sembly 12 pass over the flame. The automation controller
28 may control when the ignition feature 18 has a lit flame
and when the ignition feature 18 does not have a lit flame.
Further, one of the actuators 158 downstream the nozzle
assembly 12 may include a rotator configured to rotate
a bank of nozzles or nozzle inserts about a bearing, such
that the appropriate nozzle or nozzle insert may be placed
into the nozzle assembly 12, as previously described.
Other actuators 158 may be included for actuating other
portions of the system 10 downstream the nozzle assem-
bly 12, in accordance with the present disclosure.
[0045] Turning now to FIG. 13, a process flow diagram
illustrating a method 160 of operating the system 10 is
shown. The method 160 includes determining (block 162)
environmental factors around the nozzle assembly 12.
As previously described, determining environmental fac-
tors around the nozzle assembly 12 may include meas-
uring the environmental factors via the sensor 38 and
providing the measurements to the automation controller
28. Further, the Internet system 37 may be used to pro-
vide values of the environmental factors to the automa-
tion controller 28. The method 160 also includes fluidly
coupling (block 164) an appropriate fuel type or types
from the fuel source 20 with each of the inner nozzle 14
and the outer nozzle 16, based on the environmental
factors received by the automation controller 28. Further,
the method 160 includes accelerating or passing (block
166) the fuel through the nozzles 14, 16 of the nozzle
assembly 12 at appropriate respective pressures, which
are determined and regulated by the automation control-
ler 28 (e.g., via automated control of control valves, reg-
ulators, pumps) based on the environmental factors. Fur-
ther still, the method 160 includes passing (block 168)
the fuel over the ignition feature 18 (e.g., the flame) to
generate the flame effect 17.

Claims

1. A system (10), comprising:

a fuel source (20) comprising a first tank (22) for
a first fuel and a second tank (24) for a second
fuel;
a nozzle assembly (12), comprising:

an outer nozzle (16) defining an outer flow
path (36) configured to receive the first fuel
from the first tank (22), wherein the first fuel
comprises a first material composition;
an inner nozzle (14) having a wall defining
an inner flow path (34) configured to receive
the second fuel from the second tank (24),
wherein at least a portion of the inner nozzle
(14) is nested within at least a portion of the
outer nozzle (16) such that the outer flow
path (36) of the outer nozzle (16) contacts
an outer surface (86) of the wall of the inner
nozzle (14), and wherein the second fuel
comprises a second material composition
different than the first material composition;

an ignition feature (18) configured to receive and
ignite the first fuel, the second fuel, or both to
generate a flame effect (17), wherein the inner
nozzle (14) enters a sidewall (78) of the outer
nozzle (16) at an angle (100) of between 20 de-
grees and 70 degrees;

at least one actuator (158);
an automation controller (28) configured to
control operation of the at least one actuator
(158); and
at least one input device (156) configured
to provide data to the automation controller
(28) regarding environmental factors
around the system, wherein the automation
controller (28) is configured to control oper-
ation of the at least one actuator (158)
based on the provided data and the envi-
ronmental factors around the system com-
prise at least environmental brightness.

2. The system (10) of claim 1, wherein the fuel source
(20) is configured to supply the first fuel at a first
pressure and the second fuel at a second pressure
different than the first pressure.

3. The system (10) of claim 1, comprising:

one or more actuators (158); and
an automation controller (28) configured to op-
erate the one or more actuators (158) to provide
the first fuel to the outer nozzle (16) by fluidly
coupling the outer nozzle (16) with the first tank
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(22), regulate a first supply pressure of the first
fuel, provide the second fuel to the inner nozzle
(14) by fluidly coupling the inner nozzle (14) with
the second fuel tank (24), and regulate a second
supply pressure of the second fuel.

4. The system (10) of claim 3, wherein the automation
controller (28) is configured to operate the one or
more actuators (158) based on input from at least
one sensor (38) monitoring environmental factors
around the system.

5. The system (10) of claim 1, wherein the environmen-
tal factors around the system further comprise flame
brightness, weather, time of day, humidity, wind con-
ditions, of a combination thereof.

6. The system (10) of claim 1, wherein the at least one
input device (156) comprises a sensor (38) config-
ured to measure the environmental factors around
the system, a communication system configured to
supply information related to the environmental fac-
tors around the system, or a combination thereof

7. The system (10) of claim 1, wherein the at least one
actuator (158) operates to control fuel flow through
one or both of the inner (14) and outer (16) nozzles,
operates to control the ignition feature (18) of the
system, or a combination thereof.

8. The system (10) of claim 1, wherein the first material
composition comprises one of propane, natural gas,
butane, ethane, or hydrogen, and wherein the sec-
ond material composition comprises a different one
of propane, natural gas, butane, ethane, or hydrogen
than the first material composition.

9. A method (160) of operating a nozzle system, the
nozzle system comprising at least one actuator (158)
and an automation controller (28) configured to con-
trol operation of the at least one actuator (158), the
method comprising:

providing data to the automation controller (28)
from at least one input device (156) regarding
environmental factors the system, the automa-
tion controller (28) being configured to control
operation of the at least one actuator (158)
based on the provided data;
determining (162) factors around the system,
wherein the factors comprise at least environ-
mental brightness;
fluidly coupling (164) a first tank (22) comprising
a first fuel with a first nozzle (14) and a second
tank (24) comprising a second fuel with a second
nozzle (16), wherein the first fuel comprises a
first material composition and the second fuel
comprises a second material composition differ-

ent than the first material composition;
passing (166) the first fuel through the first noz-
zle (14) at a first pressure and the second fuel
through the second nozzle (16) at a second
pressure; and
passing (168) the first fuel and the second fuel
over an ignition feature (18), such that the first
fuel and the second fuel ignite to generate a vis-
ible flame effect (17);
wherein the second nozzle (16) comprises a lon-
gitudinal axis extending through a flow path (36)
of the second nozzle (16), wherein the first noz-
zle (14) enters a sidewall (78) of the second noz-
zle (16) at an angle (100) of between 20 degrees
and 70 degrees.

10. The method of claim 9, comprising determining the
first pressure, the second pressure, or a combination
thereof via an automation controller (28) based on
measurements or values of the factors received by
the automation controller (28).

11. The method of claim 9, comprising passing a third
fuel, from a third tank (26), through a third nozzle
(120) in which the first (14) and second (16) nozzles
are nested, wherein the third fuel comprises a third
material composition different than the first material
composition and the second material composition.

12. The method of claim 9, comprising determining the
first fuel comprising the first material composition,
the second fuel comprising the second material com-
position, or a combination thereof via an automation
controller (28) based on measurements or values of
the factors received by the automation controller
(28).

13. The method of claim 9, wherein the first material
composition comprises one of propane, natural gas,
butane, ethane, or hydrogen, and wherein the sec-
ond material composition comprises a different one
of propane, natural gas, butane, ethane, or hydrogen
than the first material composition.

14. The method of claim 9, wherein the factors further
comprise flame brightness, weather, time of day, hu-
midity, wind conditions, or a combination thereof.

Patentansprüche

1. System (10), umfassend:

eine Brennstoffquelle (20) umfassend einen ers-
ten Tank (22) für einen ersten Brennstoff und
einen zweiten Tank (24) für einen zweiten
Brennstoff;
eine Düsenanordnung (12), umfassend:
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eine äußere Düse (16), die einen äußeren
Strömungsweg (36) definiert, der konfigu-
riert ist, um den ersten Brennstoff aus dem
ersten Tank (22) aufzunehmen, wobei der
erste Brennstoff eine erste Materialzusam-
mensetzung umfasst;
eine innere Düse (14), die eine Wand auf-
weist, die einen inneren Strömungsweg
(34) definiert, die konfiguriert ist, um den
zweiten Brennstoff aus dem zweiten Tank
(24) aufzunehmen, wobei mindestens ein
Abschnitt der inneren Düse (14) innerhalb
mindestens eines Teils der äußeren Düse
(16) derart verschachtelt ist, dass der äu-
ßere Strömungsweg (36) der äußeren Düse
(16) eine äußere Oberfläche (86) der Wand
der inneren Düse (14) berührt, und wobei
der zweite Brennstoff eine zweite Material-
zusammensetzung umfasst, die sich von
der ersten Materialzusammensetzung un-
terscheidet;
eine Zündeinrichtung (18), die konfiguriert
ist, um den ersten Brennstoff, den zweiten
Brennstoff oder beide aufzunehmen und zu
zünden, um einen Flammeneffekt (17) zu
erzeugen, wobei die innere Düse (14) in ei-
ne Seitenwand (78) der äußeren Düse (16)
mit einem Winkel (100) von zwischen 20
Grad und 70 Grad eintritt;
mindestens einen Aktuator (158);
eine Automatisierungssteuerung (28), die
konfiguriert ist, um den Betrieb des mindes-
tens einen Aktuators (158) zu steuern; und
mindestens eine Eingabevorrichtung (156),
die konfiguriert ist, um der Automatisie-
rungssteuerung (28) Daten bezüglich der
Umgebungsfaktoren um das System herum
bereitzustellen, wobei die Automatisie-
rungssteuerung (28) konfiguriert ist, um den
Betrieb des mindestens einen Aktuators
(158) basierend auf den bereitgestellten
Daten zu steuern, und wobei die Umge-
bungsfaktoren um das System herum min-
destens die Umgebungshelligkeit umfas-
sen.

2. System (10) nach Anspruch 1, wobei die Brennstoff-
quelle (20) konfiguriert ist, um den ersten Brennstoff
mit einem ersten Druck und den zweiten Brennstoff
mit einem zweiten Druck, der sich von dem ersten
Druck unterscheidet, zuzuführen.

3. System (10) nach Anspruch 1, umfassend:

einen oder mehrere Aktuatoren (158); und
eine Automatisierungssteuerung (28), die kon-
figuriert ist, um den einen oder die mehreren Ak-
tuatoren (158) zu betätigen, um den ersten

Brennstoff an die äußere Düse (16) durch flui-
disches Koppeln der äußeren Düse (16) mit dem
ersten Tank (22) bereitzustellen, einen ersten
Versorgungsdruck des ersten Brennstoffs zu re-
gulieren, den zweiten Brennstoff an die innere
Düse (14) durch fluidisches Koppeln der inneren
Düse (14) mit dem zweiten Brennstofftank (24)
bereitzustellen, einen zweiten Versorgungs-
druck des zweiten Brennstoffs zu regulieren.

4. System (10) nach Anspruch 3, wobei die Automati-
sierungssteuerung (28) konfiguriert ist, um den ei-
nen oder die mehreren Aktuatoren (158) basierend
auf einer Eingabe von mindestens einem Sensor
(38), der Umgebungsfaktoren um das System herum
überwacht, zu betreiben.

5. System (10) nach Anspruch 1, wobei die Umge-
bungsfaktoren um das System herum ferner die
Flammenhelligkeit, das Wetter, die Tageszeit, die
Luftfeuchtigkeit, die Windverhältnisse oder eine
Kombination davon umfassen.

6. System (10) nach Anspruch 1, wobei die mindestens
eine Eingabevorrichtung (156) einen Sensor (38),
der konfiguriert ist, um die Umgebungsfaktoren um
das System herum zu messen, ein Kommunikations-
system, das konfiguriert ist, um Informationen, die
sich auf die Umgebungsfaktoren um das System he-
rum beziehen, zu liefern oder eine Kombination da-
von umfasst.

7. System (10) nach Anspruch 1, wobei der mindestens
eine Aktuator (158) arbeitet, um die Brennstoffströ-
mung durch eine oder beide der inneren (14) und
der äußeren (16) Düse zu steuern, arbeitet, um die
Zündeinrichtung (18) des Systems zu steuern oder
eine Kombination davon.

8. System (10) nach Anspruch 1, wobei die erste Ma-
terialzusammensetzung eines von Propan, Erdgas,
Butan, Ethan oder Wasserstoff umfasst, und wobei
die zweite Materialzusammensetzung ein unter-
schiedliches von Propan, Erdgas, Butan, Ethan oder
Wasserstoff als die erste Materialzusammenset-
zung umfasst.

9. Verfahren (160) zum Betreiben eines Düsensys-
tems, das Düsensystem umfassend mindestens ei-
nen Aktuator (158) und eine Automatisierungssteu-
erung (28), die konfiguriert ist, um den Betrieb des
mindestens einen Aktuators (158) zu steuern, das
Verfahren umfassend:

Bereitstellen von Daten an die Automatisie-
rungssteuerung (28) von mindestens einer Ein-
gabevorrichtung (156) bezüglich der Umge-
bungsfaktoren um das System herum, wobei die
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Automatisierungssteuerung (28) konfiguriert ist,
um den Betrieb des mindestens einen Aktuators
(158) basierend auf den bereitgestellten Daten
zu steuern;
Bestimmen (162) von Faktoren um das System
herum, wobei die Faktoren mindestens die Um-
gebungshelligkeit umfassen;
fluidisches Koppeln (164) eines ersten Tanks
(22), umfassend einen ersten Brennstoff mit ei-
ner ersten Düse (14) und eines zweiten Tanks
(24), umfassend einen zweiten Brennstoff mit
einer zweiten Düse (16), wobei der erste Brenn-
stoff eine erste Materialzusammensetzung um-
fasst, und der zweite Brennstoff eine zweite Ma-
terialzusammensetzung umfasst, die sich von
der ersten Materialzusammensetzung unter-
scheidet;
Leiten (166) des ersten Brennstoffs durch die
erste Düse (14) mit einem ersten Druck und des
zweiten Brennstoffs durch die zweite Düse (16)
mit einem zweiten Druck; und
Leiten (168) des ersten Brennstoffs und des
zweiten Brennstoffs über eine Zündeinrichtung
(18), derart, dass sich der erste Brennstoff und
der zweite Brennstoff entzünden, um einen
sichtbaren Flammeneffekt (17) zu erzeugen;
wobei die zweite Düse (16) eine Längsachse
umfasst, die sich durch einen Strömungsweg
(36) der zweiten Düse (16) erstreckt, wobei die
erste Düse (14) in eine Seitenwand (78) der
zweiten Düse (16) mit einem Winkel (100) von
zwischen 20 Grad und 70 Grad eintritt.

10. Verfahren nach Anspruch 9, umfassend das Bestim-
men des ersten Drucks, des zweiten Drucks oder
einer Kombination davon über eine Automatisie-
rungssteuerung (28) basierend auf Messungen oder
Werten der Faktoren, die durch die Automatisie-
rungssteuerung (28) empfangen werden.

11. Verfahren nach Anspruch 9, umfassend das Leiten
eines dritten Brennstoffs aus einem dritten Tank (26)
durch eine dritte Düse (120), in der die erste (14)
und die zweite (16) Düse verschachtelt sind, wobei
der dritte Brennstoff eine dritte Materialzusammen-
setzung umfasst, die sich von der ersten Material-
zusammensetzung und der zweiten Materialzusam-
mensetzung unterscheidet.

12. Verfahren nach Anspruch 9, umfassend das Bestim-
men des ersten Brennstoffs, umfassend die erste
Materialzusammensetzung, des zweiten Brenn-
stoffs, umfassend die zweite Materialzusammenset-
zung oder einer Kombination davon über eine Auto-
matisierungssteuerung (28) basierend auf Messun-
gen oder Werten der Faktoren, die durch die Auto-
matisierungssteuerung (28) empfangen werden.

13. Verfahren nach Anspruch 9, wobei die erste Mate-
rialzusammensetzung eines von Propan, Erdgas,
Butan, Ethan oder Wasserstoff umfasst, und wobei
die zweite Materialzusammensetzung ein unter-
schiedliches von Propan, Erdgas, Butan, Ethan oder
Wasserstoff als die erste Materialzusammenset-
zung umfasst.

14. Verfahren nach Anspruch 9, wobei die Faktoren fer-
ner die Flammenhelligkeit, das Wetter, die Tages-
zeit, die Luftfeuchtigkeit, die Windverhältnisse oder
eine Kombination davon umfassen.

Revendications

1. Système (10), comprenant :

une source de combustible (20) comprenant un
premier réservoir (22) pour un premier combus-
tible et un second réservoir (24) pour un deuxiè-
me combustible ;
un ensemble buse (12), comprenant :

une buse externe (16) définissant un trajet
d’écoulement externe (36) configuré pour
recevoir le premier combustible provenant
du premier réservoir (22), dans lequel le
premier combustible comprend une pre-
mière composition de matériau ;
une buse interne (14) ayant une paroi défi-
nissant un trajet d’écoulement interne (34)
configuré pour recevoir le deuxième com-
bustible provenant du second réservoir
(24), dans lequel au moins une partie de la
buse interne (14) est imbriquée au sein d’au
moins une partie de la buse externe (16) de
telle sorte que le trajet d’écoulement exter-
ne (36) de la buse externe (16) vient en con-
tact avec une surface externe (86) de la pa-
roi de la buse interne (14), et dans lequel le
deuxième combustible comprend une
deuxième composition de matériau diffé-
rente de la première composition de
matériau ;
une caractéristique d’allumage (18) confi-
gurée pour recevoir et allumer le premier
combustible, le deuxième combustible, ou
l’un et l’autre pour générer un effet de flam-
me (17), dans lequel la buse interne (14)
entre dans une paroi latérale (78) de la buse
externe (16) selon un angle (100) compris
entre 20 degrés et 70 degrés ;
au moins un actionneur (158) ;
un dispositif de commande d’automation
(28) configuré pour commander le fonction-
nement de l’au moins un actionneur (158) ;
et
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au moins un dispositif d’entrée (156) confi-
guré pour fournir des données au dispositif
de commande d’automation (28) concer-
nant des facteurs ambiants autour du sys-
tème, dans lequel le dispositif de comman-
de d’automation (28) est configuré pour
commander le fonctionnement de l’au
moins un actionneur (158) en fonction des
données fournies et les facteurs ambiants
autour du système comprennent au moins
la luminosité ambiante.

2. Système (10) selon la revendication 1, dans lequel
la source de combustible (20) est configurée pour
alimenter le premier combustible à une première
pression et le deuxième combustible à une seconde
pression différente de la première pression.

3. Système (10) selon la revendication 1, comprenant :

un ou plusieurs actionneurs (158) ; et
un dispositif de commande d’automation (28)
configuré pour faire fonctionner le ou les action-
neurs (158) pour fournir le premier combustible
à la buse externe (16) en accouplant fluidique-
ment la buse externe (16) au premier réservoir
(22), réguler une première pression d’alimenta-
tion du premier combustible, fournir le deuxième
combustible à la buse interne (14) en accouplant
fluidiquement la buse interne (14) au deuxième
réservoir (24) de combustible, et réguler une se-
conde pression d’alimentation du deuxième
combustible.

4. Système (10) selon la revendication 3, dans lequel
le dispositif de commande d’automation (28) est con-
figuré pour faire fonctionner le ou les actionneurs
(158) en fonction d’une entrée provenant d’au moins
un capteur (38) surveillant des facteurs ambiants
autour du système.

5. Système (10) selon la revendication 1, dans lequel
les facteurs ambiants autour du système compren-
nent en outre luminosité de flamme, conditions mé-
téorologiques, heure de la journée, humidité, condi-
tions de vent, ou une combinaison de ceux-ci.

6. Système (10) selon la revendication 1, dans lequel
l’au moins un dispositif d’entrée (156) comprend un
capteur (38) configuré pour mesurer les facteurs am-
biants autour du système, un système de communi-
cation configuré pour donner des informations se
rapportant aux facteurs ambiants autour du systè-
me, ou une combinaison de ceux-ci.

7. Système (10) selon la revendication 1, dans lequel
l’au moins un actionneur (158) fonctionne pour com-
mander un écoulement de carburant à travers l’une

et/ou l’autre des buses interne (14) et externe (16),
fonctionne pour commander la caractéristique d’al-
lumage (18) du système, ou une combinaison de
ceux-ci.

8. Système (10) selon la revendication 1, dans lequel
la première composition de matériau comprend l’un
parmi propane, gaz naturel, butane, éthane ou hy-
drogène, et dans lequel la deuxième composition de
matériau comprend un différent parmi propane, gaz
naturel, butane, éthane ou hydrogène par rapport à
la première composition de matériau.

9. Procédé (160) de fonctionnement d’un système de
buse, le système de buse comprenant au moins un
actionneur (158) et un dispositif de commande
d’automation (28) configuré pour commander le
fonctionnement de l’au moins un actionneur (158),
le procédé comprenant :

la fourniture de données au dispositif de com-
mande d’automation (28) en provenance d’au
moins un dispositif d’entrée (156) concernant
des facteurs ambiants autour du système, le dis-
positif de commande d’automation (28) étant
configuré pour commander le fonctionnement
de l’au moins un actionneur (158) en fonction
des données fournies ;
la détermination (162) de facteurs autour du sys-
tème, dans lequel les facteurs comprennent au
moins la luminosité ambiante ;
l’accouplement (164) fluidique d’un premier ré-
servoir (22) comprenant un premier combustible
avec une première buse (14) et d’un second ré-
servoir (24) comprenant un deuxième combus-
tible avec une deuxième buse (16), dans lequel
le premier combustible comprend une première
composition de matériau et le deuxième com-
bustible comprend une deuxième composition
de matériau différente de la première composi-
tion de matériau ;
le passage (166) du premier combustible à tra-
vers la première buse (14) à une première pres-
sion et du deuxième combustible à travers la
deuxième buse (16) à une seconde pression ; et
le passage (168) du premier combustible et du
deuxième combustible pardessus une caracté-
ristique d’allumage (18), de telle sorte que le pre-
mier combustible et le deuxième combustible
s’allument pour générer un effet de flamme vi-
sible (17) ;
dans lequel la deuxième buse (16) comprend
un axe longitudinal s’étendant à travers un trajet
d’écoulement (36) de la deuxième buse (16),
dans lequel la première buse (14) entre dans
une paroi latérale (78) de la deuxième buse (16)
selon un angle (100) compris entre 20 degrés
et 70 degrés.
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10. Procédé selon la revendication 9, comprenant la dé-
termination de la première pression, de la seconde
pression, ou d’une combinaison de celles-ci par l’in-
termédiaire d’un dispositif de commande d’automa-
tion (28) en fonction de mesures ou valeurs des fac-
teurs reçus par le dispositif de commande d’automa-
tion (28).

11. Procédé selon la revendication 9, comprenant le
passage d’un troisième combustible, provenant d’un
troisième réservoir (26), à travers une troisième buse
(120) dans lequel les première (14) et deuxième (16)
buses sont imbriquées, dans lequel le troisième
combustible comprend une troisième composition
de matériau différente de la première composition
de matériau et de la deuxième composition de ma-
tériau.

12. Procédé selon la revendication 9, comprenant la dé-
termination du premier combustible comprenant la
première composition de matériau, du deuxième
combustible comprenant la deuxième composition
de matériau, ou d’une combinaison de celles-ci par
l’intermédiaire d’un dispositif de commande d’auto-
mation (28) en fonction de mesures ou valeurs des
facteurs reçus par le dispositif de commande d’auto-
mation (28).

13. Procédé selon la revendication 9, dans lequel la pre-
mière composition de matériau comprend l’un parmi
propane, gaz naturel, butane, éthane ou hydrogène,
et dans lequel la deuxième composition de matériau
comprend un différent parmi propane, gaz naturel,
butane, éthane ou hydrogène par rapport à la pre-
mière composition de matériau.

14. Procédé selon la revendication 9, dans lequel les
facteurs comprennent en outre luminosité de flam-
me, conditions météorologiques, heure de la jour-
née, humidité, conditions de vent, ou une combinai-
son de ceux-ci.

29 30 



EP 3 441 671 B1

17



EP 3 441 671 B1

18



EP 3 441 671 B1

19



EP 3 441 671 B1

20



EP 3 441 671 B1

21



EP 3 441 671 B1

22



EP 3 441 671 B1

23



EP 3 441 671 B1

24

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• DE 4025808 A1 [0004] • JP S63315814 A [0004]


	bibliography
	description
	claims
	drawings
	cited references

