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157) AbrégefAbstract:

A mixed-fuel vacuum burner-reactor {100} includes a primary combustion chamber (110} having a conical interior and a first set of
directing blades. The conical interior is connected to an intake manifold (150} on one end and a reduction nozzle (120} on the
other end. Injectors (140) are mounted perpendicularly to the reduction nozzle (120) to inject a second fuel into the primary
combustion chamber {110). The reduction nozzle {120} is connected to a cylindrical secondary combustion chamber (130} having
a second set of directing blades configured to direct air into the secondary combustion chamber (130). Methods of efficiently
burning mixed fuels in a triple-vortex vacuum burner-reactor {100) are also disclosed. Vacuum conditions are created and fuels are
intfroduced into the conical primary combustion chamber (110). The fuels are passed over a first set of directing blades to form
three vortices before additional fuels are injected in a direction opposite to a direction of rotation of the first set of fuels.
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TWO-STAGED VACUUM EURNER

BACKGROUND

Burners are devices that burn fuel to generate heat in industrial settings, such as
thosc uscd for generation of clectricity, smelting of metals and other materials, and uscd
for processing of chemicals und other substunces. Due to incomplete combustion in
previously designed bumers, newer examples use generalors inside the burmer (o create
a vortex (i.e., rotating mixture of air and fuels) in order to supply more oxidants for the
combustion process. While this accomplishes the goal of increased air-fuel mixture, an
igniter is required for sustaining the combustion and this still may not accomplish
complete in burning all of the uel, Sclutions that employ guide pieces and flow spaces
(i.e., rcactors) cun also be used, but suffer from residue and cleaning difficultics,
particularly when used with lower-quality fucls.  Likewise, rcactor solutions that
cmploy & premix burner and a lame wbe allow for staged combustion in individual
mixers. However, these solutions also require high-quality, clean-buming fuels and

suffer from maintenance issues resulting from residues.

SUMMARY OF THE INVENTION

According to embodiments of the present Application, a mixed-fuel vacuum
burner-reactor includes a primary combustion chamber, an intaks, a reduction nozzle,
injcctors, and a sccondary combustion chamber. The primary combustion chamber has
a conical interior and a first set of directing blades., The intake is connected to a first
end of the conical interior. The reduction nozzle is connected to a second end of the
conical interior, A first end of the reduction nozzle is connected to the conical interior
of the primary combustion chamber and a sccond cnd of the reduction nozzle is
connected to the secondary combustion chamber. The injectors are mounted
perpendicularly to the reduction nozzle and configured to inject a sccond fuel into the
primary combustion chamber. The sccond fuel is a liquid fuel, such as wastc oil,
alcohol (with up to 50% water added), Glycerin, soy oil, industrial fuel oil {11'G), or
combinations thereof.

The primary combustion chamber is configured to enable two vortices of a first

fuel entering and exiting the primary combustion chamber to form naturally, and the
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first sct of dirceting blades is configured to create a third vortex sustaining rotation of
the first fucl to the exicrior of the burncr-reactor. [n some cmbeodiments, the primary
combustion chamber has un insulating material in a space between the eyvlindrical
exterior and the conical interior. The secondary combustion chamber is cylindrical and

5 compriscs a sccond sct of dirccting blades configured to direct air into the sccondary
combustion chamber.

In some embodiments, the mixed-fuel vacuum burner-reactor further includes an
intake manifold connected to the intake portion, The intake manifold includes a vacuum
chamber, a compressed air nozzle cxtending into the intake manifold, and an cjoctor

10 outlet providing an outlet in some cmbodiments. According to some embadiments, the
compressed  air nozzle 15 configured to injeet compressed  ait inte the primary
combustion chamber at the core of a flame. Gaseous fuel is supplied to the primary
combustion chamber by way of the intake manifold in some embodiments. The gaseous
fuel is natural gus, @ waler byproduct of waler clectrolysis (HHO), or combinalions

15 thereof. In some embodiments, the injectors are configured to inject fuel into the
primary combustion chamber counter to the rotation ot the vortices of fuel and/or are
configured 307 to an axis of the chamber.

In other embodiments, a method of efficiently burning mixed fuels in a triple-
vortex vacuum burner-reactor includes creating vacuum conditions in a conical primary

20 combustion chamber by ¢jecting air through an intake manifold connected to the conical
primary combustion chambcr. The method continues by introducing fucls into the
conical primary combustion chamber through the intake manifold, such that two
vortices of a first sct of fucls and outlet gascs arc formed. The method also includes

passing the first set of fuels over a first set of directing blades in the conical primary

[
L]

combustion chamber to form a third vortex, the three vortices sustaining rotation
through the conical combustion chamber and a sccondary combustion chamber to the
exterior of the burner-reactor. The method continues by injecting a second set of fuels
into the conical primary combustion chamber in a direction opposite to a direction of
rotation of the first set of fuels, In certain embodiments, the first set of fuels is gaseous

30 fuels and the second set of fuels is liquid fuels.

BRIEF DESCRIPTION OOF THE DRAWINGS
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The following drawings depict an exemplary embadiment of the invention.

FIG. 1 is a diagram of a mixed [uel vacuum burner-reactor according to the
present invention;

F1G. 2 ig a cross-sectional diagram of a primary combustion chamber according
to the present invention;

FIG. 3 is a rear view of the primary combustion chamber of FIG. 2;

FI1G. 4 is a perspective diagram of a reduction nozzle connecting the primary
combustion chamber and a secondary combustion chamber according to the present
invention;

FIG. 3A is a front view of the sccondary combustion chamber according to the
prosent invention;

FI1G. 5B is a perspective view of the secondary combustion chamber according
to the present invention;

F1G. 5C 15 @ rear view of the sceondary combustion charmber sccording o the
present invention;

FIG, 6 is a simplified diagram of an intake manifold according to the present
invention, and

F1G. 7 is a flowchart describing a method of efficiently burning mixed fuels in a

triple-vortex vacuum burner-reactor in accordance with the invention,

DETAILED DESCRIPTION

The presently depicted and disclosed burner-reactor will be described with
respect to an cxomplary cmbodiment.  The disclosure should not be interpreted to be
limiting or to require in the invention all described features. Where possible, like
elements will be numbered in a like fashion for ¢larity, Tllustrative alternatives will be
given where applicable, but other cquivalents may be readily apparent and are
contemplated where appropriate.

FIG. 1 depicts a cross-section of a mixed fuel vacuum burner-reactor 100
according to embodiments of the present disclosure, Burner-reactor 100 includes a
primary combustion chamber 110 connected to a reduction nozzle 120, which is in turn
connected to a secondary combustion chamber 130, Burncr-rcactor 100 further includes

injcctors 140 placed perpendicularly on reduction nozzle 120, Primary combustion
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chamber 110 is also connected to an intake manifold 150 opposite the reduction nozzle
120. Each of the clements above will be described in more detail below, but from a
high-level perspective, gases and compressed air are introduced into the primary
combustion chamber 110 from intake manifold 150 to begin a combustion process in
5 vacuum conditions. Injcctors 140 inject additional fuel to mix with the previously
supplied fuels to create a fuel mixture. The fuel mixture, throughout its transit to the
exterior of secondary combustion chamber 130, continues to rotate and moves slowly,
causing morg complete and cleaner combustion regardless of the quality of fuels
utihized. Tn different embodiments, burncr-reactor 100 can be conngcted to a furnace
10 with a flange (not shown) before or after injectors 140.

Primary combustion chamber 110 has a cylindrical exterior with a conical
mterior as will be described with reference to FIG. 2 below. The conical interior
connects at its smaller end to intake manifold 150 and at its larger end to reduction
nozzle 120, Fucls und compressed air are introduced inlo primary combustion chamber

15 110 from intake manifold 150, causing combustion in the primary combustion chamber
110 (i.e., as a burner), According to embodiments of the present disclosure, any type of
combustible pas can be utilized. For example, natural gas could be used, as could HHO,
the byproduct of water electrolysis.

At least in part because intake manifold 150 and primary combustion chamber

20 110 are configurcd to operate at vacuum conditions, high temperatures and casy,
immediate thermal cracking can be achieved. Because of the vacuum conditions, the
gascs arc drawn into the combustion chamber rather than being pushed into the
chamber.  This allows the burning of gascs that become cxplosive while being

campressed (such as HHO) and more efficient oxidation of heavier fuels. The vacuum

[
L]

conditions also enable specific thermal objectives, such as insulation of the primary
combustion chamber and faster start-up of the burner-reactor than if vacuum conditions
are not utilized.

During this stage of the combustion process, the fuels supplied into primary
combustion chamber 110 from intake manifold 130 create two vortices of inlet and
30 outlet gases naturally from the vacuum conditions. These naturally occurring vortices

come about when the vacuum conditions cause the gas entering and cxiting the chamber
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to rotatc duc to the pressure differences, similar to water entering or leaving in rapid
fashion in fluid dynamics or as docs air behind the wing of an aircraft.

While not neccessary once operating, the primary combustion chamber is

preheated using @ small amount of fuel, such as HHO and natural gas. For example, 3

5 m'/hr of HHO and 16 m'/hr of natural gas can be used to preheat the chamber to

approximately 2200 degrees for 20 minutes prior to introducing a second fuel into the

system as described below. Once burner-reactor 100 has been preheated, the HHO can

be removed without affecting performance. The HHO provides oxygen and a hydrogen

laminar flow speed to the flame scven times faster than methane, thus allowing better

10 cracking and combustion, and once again lowering the cmissions.

FIG. 2 s a cross-scctional diagram of a primary combustion chamber 110
according to embodiments of the present disclesure. Primary combustion chamber 110
has a cylindrical exterior 210 and a conical interior 220, Tnsulating material 230 is
included between exicrior 210 and nterior 220, Also, primary combustion chamber

15 110 has a first set of directing blades 240 within conical interior 220. Directing blades
240 are configured to c¢reate a third vortex in primary ¢ombustion chamber 110 by
which the two vortices of rotating fuels are surrounded, creating a third vortex, This
third vortex slows the transit of the fuel through the burner-reactor, resulting in
complete and clean combustion without regard to fuel quality,

20 Conigal intcrior 220 has a first end 222 and a second end 224, First end 222 is
the smaller cnd of the cone-shaped interior, and provides the entry point for the fucl
gascs and compressed air which enter from intake manifold 1530, Prirnary combustion
chamber 110 can include a thrcaded conncction 226 at first end 222 for use with a
counterpart connection of intake manifold 150 in order to introduce the fuels into the

combustion chambers of the burner-reactor,

[
L]

Intake manifold 150 and primary combustion chamber 110 should be connected
in such a way that the agsociated vacuum chamber connected to the primary combustion
chamber can create vacuum conditions for the gases to be sucked into primary
combustion chamber 110, Compressed air is also fed into the core of the flame in

30  primary combustion chamber 110, rather than sprayed and ignited as in many
conventional burners, Tn some embodiments, primary combustion chamber 1 10 is made

of a matcrial such as insulared stainless stecl, so as to climinate adherence of
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combustion residucs. The lack of obstructions as scen with typical reactor solutions
also upgrades mainicnance and reliability.

FIG. 3 15 4 rear vicew of the primary combustion chamber 110 of FIG. 2,
according to embodiments of the present disclosure. Shown in this view are the

5 cylindrical cxterior 210, the conical interior 220 along a portion of the cone {shown as a
dashed circle concentric to exterior 210), and a first set of directing blades 240.
Directing blades 240 cause the fuels which are entering the primary combustion
chamber from behind the blades, by way of intake manifold 150, to rotate in the third
vortex.  In this figure, the fucl would bc both rotating in a clockwisc or

10 counterclockwise dirccrion, and it would be transiting the system such that it would be
pushed out of the diagram toward the viewer.

Injectors 140 on reduction nozzle 120 supply additional fuels to the already
rotating fuels introduced on the opposite end of primary combustion chamber 110. The
[uels imjected by injectlors 140 are supplicd in a dircetion opposite the ow ol the

15 previously introduced fuels (i.¢., the guseous fuels supplied from the intake manifold
150). These fuels are fluids, and can be any quality of fuel available, For example,
experimental data Is given below showing the operation of the described embodiments
on soy oil, waste oil, Glycerin, refined higher quality hydrocarbon fuels, as well as
varigus mixtures of these fluids, Other liquid fuels include alcohol, which needs not be

20 free of water.  For example, alcohol with as much as 50% water included has been
utihized with the deseribed embodiments,

FIG. 4 is a perspective diagram of a reduction nozzle 120 according to
cmbodiments of the present disclosure.  Reduction nezzle 120 is configured for

connection to the second end 224 of the conical interior 220 of the primary combustion

[
L]

chamber 110 as described above. Reduction nozzle 120 has a frustoconical first portion
410 with a larger diameter in order to connect to the primary combustion chamber 110.
Reduction nozzle 120 has a cylindrical second portion 420 that extends from a smaller
diameter of the frustoconical first portion 410 into secondary combustion chamber 130,
First portion 410 has injectors 140 mounted thereon which allow for the
30 injection of the second set of fuels, i.¢., the liquid fuels, into the primary chamber 110.
Injcctors 140 arc mounted perpendicularly to the first portion 410, Where the first

portion has an approximate 607 angle to horizontal on which the injcetors are mounted,
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the injectors would be mounted to cnter the primary chamber at an approximate 30°

angle when viewed relative o a horizontal planc and in ihe opposile dircclion to the

flow of the rotuting guscous fucls. Blades (shown but not numbered) are welded to the

cylindrical second portion 420 of the reduction nozzle 120 at 45 degrees to the
5 longitudinal axis. Thesc blades will be deseribed in greater detail below.

Because of the high temperatures and pressures generated by the deseribed
embodiments, injectors 140 are cooled. In some embodiments, injectors 140 are cooled
by cooling nozzles (not shown or numbered). Tn some embodiments, cooling nozzles
arc part of an open circuit utihzing reduced compressed air or gas. For cxample,

10 approximately 0.5 Kg/em® of compressed air or gas is used in an open circuit that drains
inside the apparatus.  In other embodiments, a closed o1l and pump system s used.
With such a closed system, the oil and pump simultaneously heats the service tank
through a heat exchanger.

FIG. 5A is u [ronl view ol 4 sccondary combustion chamber 130 according (o

15 embodiments of the present disclosure. FIGs. 5B and 3C are perspective und rear views
of the secondary cornbustion chamber 130 according to embodiments of the present
disclosure, The cylindrical secondary combustion chamber 130 hag an outer diameter
510 and an inner diameter 520 in which the second portion 120 of reduction nozzle 120
inserts. Between the two diameters are blades 330, which serve as an air inlet for the

20 sccondary combustion chamber 130, Thus, additional air in excess of the gaseous fuels
and the compressed air fod to the core of the flame are available for more complete
oxidation of the gascous-liquid fuel mixturc. The gas-liquid mixture continucs to rotatc
as it 18 pushed toward the cxterior of the sccondary combustion chamber 130, allowing

for complete combustion. Because of this enhanced process, without the use of guide

[
L]

pieces, flow spaces, or flame tubes as found in conventional solutions, fewer residues
arc created and/or build up.  Again, this allows for clcancr cmissions by the system
regardless of the fuel quality utilized.

FIG. 6 is a simplified diagram of an intake manifold 150 and regulating valves
according to embodiments of the present disclosure. Tntake manifold 150 includes a
30 threaded connection 610 for connection with the threaded connection 226 of primary
combustion chamber 110. Tntake manifold includes a vacuum chamber in the form of a

housing 620. Housing 620 also has a compressed air nozzle mnlct 630, through which



compressed air is supplied by way of a compressed air nozzle 640. Uniike other systems
which surround sprayed fiel mixtures with air, resulting in incomplete combustion, the
presently disclosed system operates on an epposite principle of providing compressed air

{approxumately 10 bars or morc) at the core of the flame through nozzie 640.

ih

Regulating valves 650 provide controls for the air and gus flow into and out of the
uitake manifold 150. Because of the vacuum conditions, any type of combustible gas can
be drawn into the combustion chambers and used in burner-reactor 100. Because of the
triple vortex design, the gas mixture is more consistent regardless of the gas used,
inchuding heavier fuels, while the gas is recycled more efficiently within the combustion
16 chambers.

As a result, previously undesirable gas fuels such as HBO can be utilized in
combination with any liguid focl, such as waste oil, Glycerin, and other fuels. This aiso
allows for the mixture of higher-quality fuels with undesirable fuels, to reduce the amount
of high-quality fuel used. Duc to its capacity to burn any combination of combustible

IS gascs and liquids at the same time, its high working temperature, the injected compressed
air, the vacuum and the delay in the transit of the flame through the combustion chambers
due to its rotation, the described embodiments reduce the emissions and the price per KW
of thermal power delivered compared with conventional energy converters. Usc of the
described embodiments also altow the proper disposal of waste oil from internal

20 combustion cngines, whife residue metals contained in the waste oil condense to liquid
amd cventually Lo solid in the boitom of the second chamber.

FI(r. 7 is a flowehart of a method 700 of efficiently burning mixed fuels ina triple-
vortex vacuum bumer-reactor.  The method begins by creating vacuum conditions in a
conical primary combustion chamber by cjecting air through an intake manifold

25 connected to the conical primary combustion chamber at a step 710, Atastep 720, a first
set of fuels is irtroduced into {7.e., sucked into) the conical primary combustion chamber
through the intake manifold, such that two vortices of a first set of fuels and outlet gases
are formed. The first set of fuels is passed over a first set of directing blades in the conical
primary combustion chamber to form a third vortex at a step 730, The three vortexes

30 sustain rotation through the conical combustion chamber and a secondary combustion

chamber to the exterior of the burner-reactor. At a step 740, a second set of fuels is

Ca 2901962 2020-04-30
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injected into the confcal primary combustion chamber in a direction opposite to a
direction of rotation of the {irst sct of fuels, allowing for oxidation of a fucl mixturc.
Through the formation of the three vertexes, rotation of the fuels can be
maintained throughout the combustion chambers and fransi of the fuels is slowed. The
stower transit of the fuels feads to more complete combustion. This slower combustion
cyele, in turn, promotes more complete burning, which permits burner-reactor 100 to use
any corubination of gaseous and liquid fucls. Lower quality fuels, such as glveerin, waste
oil, or combinations of the twe, can be substituted for fuels that typically burn cleaner,
such as industrial fuel oil {IFO) 380 or biodiesel. In addition, fewer emissions are
generated, thus resulting in more environmentally friendly heat gencration. Residues and

maintenance problems are reduced or eliminated, and steady reliable heat can be

generated.
Fuel USD/KW/HR | Compared to | Compared to
Biodiesel IFO 386

| Biodicsel 0.144 0% Loss -227%
IFO 380 0.044 70% 0% o
Soyat 0.127 12% Loss -188%
Glycerin and Soy oil 50/5¢ 0.0792 45% Loss -79%
Soy oil and Wasted oi] [ 0071 50% Loss 61% |

| Propane/Butanc 0.07 51% Loss -59% |
‘Natoral Gas loos2s 65% Loss -19%

| Glycerin 0.315 78% 23% i
Glyeerin and Wasic o1l 30/5¢ | 0.023 849 48%

Waste oil 0.015 89% 66%

Table 1 ~ Comparative Savings in USD

Expertmental data of output obtained by the triple vortex burner of the present
disclosurc is shown in Table | above. Table 1 shows the cost per Kilowatvhour of thermal
power obtained from the internal combustion of glycerin andior waste oil from engines,
which is recuced from 28% to 66% compared to the cheapest industrial fossil fuel (i.e..
industrial fuel oil (IFQ) 380).

CA 2501962 2020-04-30
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The above described embodiments and related experimental data provide
examples of the inventive concepts of the present disclosure. Alternative embodiments
melude modification of the vacuum chamter and regulating valves in order to intraduce
solid fuels into the primary combustion chamber instead of, or in addition 10, the disclosed

5 gaseous fuels. For example, adaptation can be performed to supply carbon powder or the
like from the vacuum side of the combustion chamber. This solid fuel can be mixed with
gascous and/or liquid fuels to provide a different mixtwre of fuels in this embodiment.

The aforementioned descriptions provide sulficient detail to allow one of ordinary
skill in the art ta make and use the disclosed emboditments. However, other alternative

10 embodiments may be readily apparent given the descriptions above. Equivalents are

contemplated within the spirit and scope of the present disclosurc.

Ca 2901962 2020-04-30
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CLAIMS

i A triple-vortex mixed-fuel vacuum burner-reactor comprising:

an intake manifold, including a vacuum chamber, a compressed air nozzle inlet
inter the vactmuon chamber, a compressed air nozzle entering into the vacuum chamber

5 through the compressed air norzle inlet, and an ¢jector outlot, wherein the intake
manitold is contigured 1o supply a gaseous fuel 10 a primary combustion chamber;

the primary combustion chamber having a cylindrcal exierior and having a
conical interior, the conical imterior having a first end with a smaller diameter and a
scormd end with a larger diameter, the first end of the conical interior heing conncated

10 to the intake manifold, the comical interior further including a first set of directing
blades;

a reduction nozzle connected to the second end of the conical interior of the
primary combusiion chamber, the redoclion nozele having o frustoconical first pordon
with a larger diameler connectled Lo the primary combustion chamber @nd having a

15 cylindrical second portion that extends from a smaller diameter of the frustoconical first
portion;

wjectors perpendicular to the ffustoconteal (irst portion of the reduction nozzle
configured to inject liquid fuel into the primary combustion chamber; and

a cylindrical sccondary combustion chamber having a sccond set of dirceting

20 blades configured (o direet air inlo the secondary combustion chamber,

wherein the smaller diameter of the primary combustion chamber at its first cnd,
the farger diameter of the primary combustiion chamber at its second end and the first set
of directing blades form three vortices of fuel in order to sustain rotation of the tuel to
the exfenior af the bumer-reactor and slow fransit ol the Niels to allow for complote

25 combustion.

2. The triple vortex nuxed-fuel vacown buraer-reactor of claim 1, wheren
the compressed wir nozrle is configured 1o blow compressed afr inlo the core of a lame
of the prunary combustion chamber by wav of the mtake manifold.

30
3 The triple-vortex mixed-fuel vacunm bumer-reactor of claim | or 2,

wherein the injector are confipured to inject the liquid tuel into the primary combustion

Date Recue/Date Received 2020-11-05
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chamber m a direction opposite to Lhe rotation of the gaseows {uel being said direction
of rotation of the gaseaus fuel the third vortex formed by the first set of diracting hlades
cither clockwisc or counter-clockwisc with respeet to the conteal interior of the primary

combustion chamber,

5
4, The triple-vortex mixed-fuel vacuum burner-reactor of any one of clainis
1 1o 3, wherein the gascous fuel s natural gas, o waler byproduct of waler electrolysis
{HHO), or combinations thereof.
10 5. The triple-vortex mixed-fuel vacuum burner.reactor of any one of claims

1 1o 3, wherein the qud fuel is wasle o1, Glycerin, soy o1l industrial luel oil (1FQ), or

combinations thereotf,

6. A method of efficiently burning mixed fucls in s iiple-vortex mixed-fuel

15 wvacuum bumer-reactor according to any one of claims | to §, the methed comprising:

creating vacuunty conditions in a conical primary combustion chamber by
gjecting air through an inlake manifold connected to the contcal primury combustion
chamber, said conical interior having a {irst end with a smaller diameter and a second
cnd with a larger diameter;

20 inlroducing fuels inte the conical primary combustion chamber through the
intake manifold, such that the snialler diamicter of the pritmary combustion chamber at
iy fst end and Lthe Farger diameter of the primary combustion chamber at its second
end form two vortices of a first set of tuels and outlet gases;

passingr the st set of Nels over a Ors set ol dirceting blades m the comaeal

25  prnmery combustion chumber o [omm a nrd vortex, the three vortices sustaining
rotation through the conical combustion chamber and a sccondary combustion chamber
to the exterior of the burner reactor; and

injecling by means of injectors 4 second sef of fuels inlo the conical primary
combustion chamber in a direction opposite to o direction of rotation of the first set of

30 fuels.

Date Recue/Date Received 2020-11-05
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7. The method of clann 6, wherein the first set of {uels are gascous [uels

and the second set of fuels are hgud fuels.
8 The method of clamm & or 7 further comprising introducmg air into the

5 secondary combustion chamber through the second set of directing blades of a

secondary air inlet.

Date Recue/Date Received 2020-11-05
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