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Description
FIELD OF THE INVENTION

[0001] The presentinvention relates to the area of gas
burners. More specifically, the present invention relates
to a gas burner, a burner assembly, a boiler and their
uses thereof.

BACKGROUND

[0002] Gasburners are the most commonly used burn-
ers. Gas burners generally use a fuel gas mixed with an
oxidizer gas, such as air, thatburns when a spark or other
ignition mean is generated. Gas burners are classified
depending on when the mixture of gases is done. Burners
in which fuel gas and an oxidizer gas are mixed before
combustion reaction occurs are called premix burners
and burners in which fuel gas and an oxidizer gas are
mixed wherein combustion reaction occurs are usually
called diffusion gas burners.

[0003] Patent application document EP3336427A1
discloses a diffusion gas burner comprising a structure
in which gas distribution means direct a fuel gas, such
as hydrogen, and air distribution means direct air, directly
to the mixing area. In said gas burner, the fuel gas and
airare directed to the mixing area in anindependent man-
ner. The gas distribution means of the diffusion gas burn-
erof EP3336427A1 comprise a plurality of main conduits
providing a mixing point at the outlet of each main conduit.
Thus, the gases in the gas burner of EP3336427A1 are
mixed just outside each main distributor conduit. This
burner configuration causes poor mixing of the gases
and fixed reaction zones.

[0004] Therefore,thereisa clearneed for new diffusion
gas burners with better gas mixing, high quality, perform-
ance, improved strength and durability as well as with
reduced manufacturing cost.

BRIEF DESCRIPTION OF THE INVENTION

[0005] The authors of the present invention have de-
veloped a gas burner, a burner assembly, a boiler, the
use of the gas burner and the burner assembly in boilers,
water heaters and/or cooking burners preferably using a
gas or a mixture of gases, and the use of the gas burner
and the burner assembly in hydrogen combustion appli-
cations.

[0006] Thegasburneroftheinvention allows efficiently
directing and mixing the required oxidizer gas with the
fuel gas so that it burns quickly and effectively after igni-
tion or combustion means, for example a spark genera-
tor, are activated. Without being bound to any theory, the
authors of the present invention observed that the fact
that the oxidizer gas and the fuel gas mix and react in
the apertures or pores of the burner surface results in
the advantage of eliminating flashback and oxidation in
the burner surface.
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[0007] Inaddition, since the gas burner of the invention
comprises a diffuser between the burner surface and the
gas distributors, said diffuser allows that the fuel and the
oxidizer gas arrive homogeneously and in an adequate
amount to the apertures or pores of the burner surface.
During combustion, the flames generated in said burner
surface are more homogeneously and adequately dis-
tributed leading, thus, to a higher burning efficiency. In
addition, the presence of a diffuser between the burner
surface and the gas distributors enhances the distribution
and mixture of the gases and, thus, the efficiency of the
combustion; moreover, it allows defining different flames
patterns or logos on the burner surface.

[0008] Therefore, a first aspect of the invention is di-
rected to a gas burner (1) comprising

a) a burner surface (2) comprising apertures or
pores;

b) a diffuser (3) comprising openings adapted for
transporting oxidizer gas and openings adapted for
transporting fuel gas; and

c) a first gas distributor (4) adapted for distributing
an oxidizer gas, such as air; and, a second gas dis-
tributor (5) adapted for distributing a fuel gas, such
as hydrogen; wherein diffuser (3) is between the
burner surface and the first and the second gas dis-
tributors;

wherein the burner surface is in fluidic communication:

- with the first gas distributor (4) through the apertures
adapted for transporting an oxidizer gas of the dif-
fuser (3); and

- with the second gas distributor (5) through the aper-
tures adapted for transporting a fuel gas of the dif-
fuser (3).

[0009] A second aspect of the invention is directed to
a burner assembly comprising

- ahousing;

- atleast a gas inlet connected to the housing; and

- the gas burner of the invention in any of its particular
embodiments.

[0010] An additional aspect of the invention is directed
to a boiler comprising

- a heat exchanger; and

- the gas burner of the invention in any of its particular
embodiments or the burner assembly as defined in
any of its particular embodiments.

[0011] An additional aspect of the invention is directed
to the use of the gas burner of the invention in any of its
particular embodiments, in boilers, water heaters and/or
cooking burners preferably using a gas or a mixture of
gases.
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[0012] A further additional aspect of the invention is
directed to the use of the burner assembly of the invention
in any of its particular embodiments, in boilers, water
heaters and/or cooking burners preferably using a gas
or a mixture of gases

[0013] An additional aspect of the invention is directed
to the use of the gas burner of the invention in any of its
particular embodiments, in hydrogen combustion appli-
cations.

[0014] A further additional aspect of the invention is
directed to the use of the burner assembly of the invention
in any of its particular embodiments, in hydrogen com-
bustion applications.

FIGURES
[0015]

Figure 1 shows a perspective view of the gas burner
according to an embodiment of the invention.

Figure 2 shows a partial exploded view of a second
embodiment of a gas burner.

Figure 3 shows a perspective view of some of the
different parts of gas burner according to an embod-
imentoftheinvention: (a) a view of the burner surface
(2); (b) the diffuser (3); (c) the second gas distributor
(5) adapted for distributing a fuel gas; and (d) the
first gas distributor (4) adapted for distributing an ox-
idizer gas.

DETAILED DESCRIPTION OF THE INVENTION

[0016] Unless defined otherwise, all technical and sci-
entific terms used herein have the same meaning as com-
monly understood to one of ordinary skill in the art to
which this disclosure belongs. As used herein, the sin-
gular forms "a" "an" and "the" include plural reference
unless the context clearly dictates otherwise.

Gas burner

[0017] As stated above, a first aspect of the invention
is directed to a gas burner (1) comprising

a) a burner surface (2) comprising apertures or
pores;

b) a diffuser (3) comprising openings adapted for
transporting oxidizer gas and openings adapted for
transporting fuel gas;

c) a first gas distributor (4) adapted for distributing
an oxidizer gas, such as air; and, a second gas dis-
tributor (5) adapted for distributing a fuel gas, such
as hydrogen;

wherein the diffuser (3) is between the burner surface (2)
and the first and the second gas distributors (4, 5);
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wherein the apertures or pores of the burner surface are
in fluidic communication:

- with the first gas distributor (4) through the openings
adapted for transporting an oxidizer gas of the dif-
fuser (3); and

- with the second gas distributor (5) through the open-
ings adapted for transporting a fuel gas of the diffuser

3)

[0018] In an embodiment, the gas burner (1) of the in-
vention is such that the oxidizer gas and the fuel gas are
mixed in the apertures or pores of the burner surface.
[0019] In a particular embodiment, the diffuser (3) is in
contact with the burner surface in the gas burner (1) of
the invention; preferably such that the oxidizer gas and
the fuel gas are only mixed in the apertures or pores of
the burner surface.

[0020] In an embodiment, the gas burner is a diffusion
gas burner, preferably a diffusion flame gas burner.

Burner surface

[0021] In an embodiment, the burner surface is a cir-
cular surface such a disk.

[0022] Inan embodiment, the burner surface compris-
es a ceramic material or a metallic material.

[0023] In an alternative embodiment, the burner sur-
face consists of a ceramic material or of a metallic ma-
terial.

[0024] In another alternative embodiment, the burner
surface comprises a metallic material such as a metal or
an alloy.

[0025] In another alternative embodiment, the burner
surface consists of a metallic material such as a metal
or an alloy.

[0026] In a particular embodiment, the metallic mate-

rial is a continuous metallic material, a particulate metallic
material such as fibers, particles or a combination there-
of, preferably spherical, semispherical particles ora com-
bination thereof.

[0027] In a more particular embodiment, the ceramic
material is a ceramic oxide, a non-oxide ceramic or com-
binations thereof. Non-limiting examples of "ceramic ox-
ides" are alumina, alumina-silica, alumina-boria-silica,
aluminum borosilicate, alumina-mullite, silica, zirconia,
zirconia-silica, titania, titania-silica, rare earth oxides or
a combination thereof. Non-limiting examples of "non-
oxide ceramics" are silicon carbide, silicon carbonitride,
silicon oxycarbide, silicon titanium oxycarbide, silicon ni-
tride, aluminum nitride, silicon titanium, silicon alumina
nitride or a combination thereof.

[0028] In a particular embodiment, the ceramic mate-
rial is silicon carbide (SiC), silicon carbonitride (SiCN),
alumina (Al,O3), alumina-mullite, aluminum borosilicate,
silica (SiO,) or mixtures thereof.

[0029] In an embodiment, the ceramic material is in
the form of ceramic particles, such as spherical or sem-
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ispherical particles, in the form of ceramic fibers or as a
combination thereof.

[0030] Inanembodiment, the burner surface compris-
es apertures or pores adapted for defining gas mixing
zones.

[0031] In an embodiment, the burner surface compris-
es pores adapted for defining gas mixing zones.

[0032] Inanembodiment,the burnersurface is porous;
preferably the burner surface has a porosity of at least
2%; preferably of at least 3%, 4% or 5% of the total vol-
ume of the burner surface.

[0033] Inanembodiment,the burnersurface is porous;
preferably the burner surface has a porosity of between
a 2% and a 95% of the total volume of the burner surface;
more preferably of between a 3% and a 90%.

[0034] In the context of the present invention the ex-
pression "porosity", refers to a void fraction created by
pores or apertures and it is a fraction of the volume of
voids over the total volume expressed as a percentage
between 0% and 100%. In addition, the porosity may be
calculated by a liquid displacement method, like a water
displacement method, as known in the art.

[0035] Inan embodiment, the burner surface compris-
es apertures adapted for defining gas mixing zones
and/or gas reaction zones, for example, gas reaction
zones wherein flames are generated during combustion.
[0036] In a particular embodiment, the burner surface
comprises at least 100 apertures; preferably at least 300
apertures; more preferably at least 800 apertures.
[0037] Thenumberor pattern of apertures inthe burner
surface may be tailored to provide the desired efficiency
for the application.

[0038] The apertures of the burner surface are pas-
sage apertures (for example, they go from one side to
the opposite side of the burner surface). The apertures
may have any shape, for example, the apertures may be
slits, cylindrical apertures, conical apertures or a combi-
nation thereof.

[0039] Ina particularembodiment, the apertures of the
burner surface are slits.

[0040] In a more particular embodiment, the apertures
of the burner surface have a continuous diameter
throughout their length. In another more particular em-
bodiment, the apertures of the burner surface have a
discontinuous diameter throughout their length.

[0041] Ina more particular embodiment, the apertures
of the burner surface have a cylindrical shape.

[0042] In a more particular embodiment, the apertures
of the burner surface have an average diameter of below
2 mm; preferably of below 1.5 mm; more preferably below
Tmm.

[0043] Ina more particular embodiment, the apertures
ofthe burnersurface are less than 60% ofthe total volume
of the burner surface; preferably less than 50%, more
preferably less than 40%, even more preferably less than
30%, even much more preferably less than 25%.
[0044] In a more particular embodiment, the apertures
of the burner surface are between a 15 and a 65% of the
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total volume of the burner surface; preferably between a
20 and a 60 % of the volume.

[0045] Ina particular embodiment, the apertures of the
burner surface are distributed in the burner surface fol-
lowing a pattern or a logo. In a more particular embodi-
ment, the pattern or logo of the apertures is adapted for
defining gas mixing and/or gas reaction zones. For ex-
ample, during combustion, each aperture and/or pattern
of apertures of the burner surface define a flame or a
group of flames.

[0046] For example, patterns or logos can be used to
adjust the efficiency, change the pressure drop, and/or
strengthen the burner surface without changing the over-
all size of the burner plate.

[0047] In particular embodiment, the apertures or
pores of the burner surface (2) are distributed through
the burner surface forming a concentric pattern; prefer-
ably a concentric circular pattern.

[0048] In amore particular embodiment, the apertures
or pores of the burner surface (2) are distributed through
the burner surface forming at least two concentric ring
patterns and/or radial patterns; preferably wherein the at
least two concentric rings are connected by the radial
patterns; more preferably wherein the apertures are slits
or cylindrical apertures.

[0049] Inanembodiment, the apertures or pores of the
burner surface are adapted for defining gas mixing zones
for the oxidizer gas and the fuel gas.

[0050] When gasesare flowingthrough the gasburner,
the oxidizer gas and the fuel gas contact and mix between
them in the apertures or pores of the burner surface.
[0051] Inanembodiment, the apertures or pores of the
burner surface are also adapted for defining reaction
zones. An example of a reaction zone during combustion
is a flame or a group of flames; preferably a flame.
[0052] Withoutbeing bound to any theory in particular,
the authors of the present invention observed that when
the burner surface comprises a ceramic material the tem-
perature reached by the burner surface during combus-
tion is reduced, and therefore the issues related to oxi-
dation are also reduced or even eliminated. In addition,
the working life of the burner surface is extended.

Diffuser

[0053] The diffuser is between the burner surface and
the gas distributors. The diffuser of the gas burner of the
invention is a gas diffuser.

[0054] Inanembodiment, the diffuser is a circular sur-
face such a disk and preferably has the same area as
the burner surface.

[0055] Inanembodiment, the diffuser is in contact with
the burner surface and/or with the gas distributors.
[0056] In another particular embodiment, there is a
void or gap between the diffuser and the burner surface
and/or the gas distributors; preferably there is a void or
gap between the diffuser and the burner surface; more
preferably the void or gap has a disk shape.
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[0057] In a particular embodiment, the diffuser of the
gas burner is a diffusing surface comprising openings
adapted for transporting oxidizer gas and openings
adapted for transporting fuel gas; preferably the diffusing
surface is a diffusing disk comprising openings adapted
for transporting oxidizer gas and openings adapted for
transporting fuel gas. The oxidizer gas only circulates or
passes through the diffuser of the gas burner using the
openings adapted for transporting oxidizer gas and the
fuel gas only circulates or passes through the diffuser
using the openings adapted for transporting fuel gas.
[0058] In an embodiment, the oxidizer gas and the fuel
gas circulate in a direction perpendicular to the diffuser
surface.

[0059] The diffuser and the first or second gas distrib-
utors might be made of any material that is able to with-
stand the temperatures reached in the gas burner during
combustion. In a particular embodiment, the diffuser, the
first gas distributor or the second gas distributor compris-
es ceramic materials, metals, alloys or mixtures thereof.
In another particular embodiment, the diffuser, the first
gas distributor or the second gas distributor consist of
ceramic materials, metals, alloys or mixtures thereof.
[0060] The diffuser comprises openings adapted for
transporting oxidizer gas and openings adapted for trans-
porting fuel gas; wherein the openings adapted for trans-
porting oxidizer gas and the openings adapted for trans-
porting fuel gas are different openings. The openings of
the diffuser are not adapted from transporting fuel gas at
the same time than oxidizer gas. In the context of the
present invention the term "transporting" regarding the
openings of the diffuser is interpreted as circulating
and/or as letting circulate a fluid such as a gas; particu-
larly a specific gas.

[0061] In a particular embodiment, the diffuser com-
prises at least 100 openings; preferably at least 300
openings; more preferably at least 800 openings.
[0062] The number of openings in the diffuser of the
present invention may be tailored to provide the desired
efficiency for the application.

[0063] The openings of the diffuser are passage open-
ings (for example, they go from one side of the diffuser
to the opposite side). The openings of the diffuser may
be of any shape, forexample they may be slits, cylindrical
openings, conical openings or a combination thereof.
[0064] In a more particular embodiment, the openings
of the diffuser have a continuous diameter throughout its
length. In another more particular embodiment, the open-
ings of the diffuser have a discontinuous diameter
throughout its length.

[0065] In a more particular embodiment, the openings
of the diffuser have a cylindrical shape.

[0066] In a more particular embodiment, the openings
have an average diameter of below 2 mm; preferably of
below 1.5 mm; more preferably about 1.2 mm.

[0067] In a more particular embodiment, the openings
of the diffuser are less than 60% of the total volume of
the diffuser; preferably less than 50%, more preferably
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less than40%, even more preferably less than 30%; even
much more preferably less than 20%.

[0068] In a particular embodiment, the openings of the
diffuser form or follow a pattern or a logo.

[0069] Inaparticularembodiment, the openings adapt-
ed for transporting oxidizer gas follow a pattern in the
diffuser and the openings adapted for transporting fuel
gas follow a different pattern in the diffuser.

[0070] Ina particularembodiment, the pattern followed
by the openings adapted for transporting fuel gas in the
diffuseris aring pattern and/or a radial pattern; preferably
a concentric ring pattern and/or a radial pattern. In an
embodiment, the pattern followed by the openings adapt-
ed for transporting fuel gas in the diffuser surface is a
ring pattern. In a more particular embodiment, the open-
ings adapted for transporting fuel gas are distributed in
the diffuser surface forming at least two concentric ring
patterns and radial patterns; preferably wherein the at
least two concentric rings are connected by the radial
patterns.

[0071] In a particular embodiment, the pattern of the
openings adapted for transporting fuel gas in the diffuser
is a ring pattern and/or partial ring pattern; preferably
wherein the ring pattern and/or partial ring pattern are
concentrically placed.

[0072] Ina particularembodiment, the pattern followed
by the openings adapted for transporting oxidizer gas in
the diffuser (3) coincides and/or overlaps the pattern of
the first gas distributor (5) adapted for distributing an ox-
idizer gas and the pattern followed by the openings adapt-
ed for transporting fuel gas in the diffuser (3) coincides
and/or overlaps the pattern of the second gas distributor
(5) adapted for distributing a fuel gas.

[0073] The oxidizer gas is a gas or a gas mixture.
[0074] In the context of the presentinvention, the term
"oxidizer" refers to an oxidizing agent, in particular to an
oxidizing gas for example a gas that has the ability to
oxidize other substances. Non-limiting examples of oxi-
dizers are oxygen, ozone, air or mixtures thereof.
[0075] In a particular embodiment the oxidizer gas is
an oxidizing gas; preferably oxygen, ozone, air or mix-
tures thereof; more preferably air. In the context of the
present invention, air is understood as known in the art.
[0076] In a particular embodiment the oxidizer gas
comprises or consist of air.

[0077] Inthe context of the presentinvention, the term
"fuel gas" might be also referred to as a combustible gas.
[0078] Non-limiting examples of fuel gas are those
comprising:

- hydrocarbon gases such as methane, butane or pro-
pane;

- manufactured fuel gases;

- hydrogen;

- carbon monoxide or

- mixtures thereof.

[0079] In the context of the presentinvention, the term
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"manufactured fuel gases" are those known in the art, in
particular those produced through an artificial process,
usually gasification. Non-limiting examples of manufac-
tured fuel gases are coal gas, water gas, producer gas,
syngas, wood gas, biogas, blast furnace gas, acetylene
or mixtures thereof.

[0080] In a particular embodiment, the fuel gas com-
prises: hydrocarbon gases such as methane, butane or
propane, manufactured fuel gases, hydrogen, carbon
monoxide or mixtures thereof.

[0081] In another particular embodiment, the fuel gas
consists of: hydrocarbon gases such as methane, butane
or propane, manufactured fuel gases, hydrogen, carbon
monoxide or mixtures thereof.

[0082] In a particular embodiment, the fuel gas com-
prises hydrogen; preferably wherein the hydrogen is over
95 vol.% of the total volume of the fuel gas; more pref-
erably over 96 vol.%; much more preferably over 97
vol.%; even much more preferably over 98 vol.%; even
much more preferably over 99 vol.%.

[0083] In a more particular embodiment, the fuel gas
consist of hydrogen.

Gas distributors

[0084] The gas burner of the invention comprises two
gas distributors, named as a first and second gas distrib-
utors in order to distinguish them. Alternatively, the gas
distributors of the gas burner of the invention could be
named as gas distributor A and gas distributor B.
[0085] The first gas distributor of the gas burner of the
invention is adapted for distributing an oxidizer gas. The
second gas distributor of the gas burner of the invention
is adapted for distributing a fuel gas.

[0086] In an embodiment, the first and the second gas
distributors are placed below the diffuser; preferably in
contact with the diffuser (i.e. the diffuser is between the
first and the second gas distributors and the burner sur-
face).

[0087] In a particular embodiment, the first gas distrib-
utor comprises an oxidizer gas inlet.

[0088] In a particularembodiment, the second gas dis-
tributor comprises a fuel gas inlet.

[0089] In a particular embodiment, the burner surface
and the diffuser surface are parallel, preferably are par-
allel disks; more preferably are parallel disks with the
same area.

[0090] In an embodiment, the gas distributors of the
gas burner of the invention comprise means for directing
the gases. In a particular embodiment, the gas distribu-
tors of the gas burner of the invention comprise means
for directing and/or distributing the gases for example
channels or conducts.

[0091] In a particular embodiment, the means for di-
recting and/or distributing the gases of the gas distribu-
tors of the gas burner of the invention form patterns in
said gas distributors.

[0092] In particular embodiment, the openings of the
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diffuser (3) adapted for transporting oxidizer gas form
patterns or logos in said diffuser that at least partially
overlap or match the pattern of the means for directing
and/or distributing the gases of the first gas distributor
and/or the openings adapted for transporting fuel gas of
the diffuser form a pattern or logo in said diffuser that at
least partially match or overlap the means for directing
and/or distributing the gases of the second gas distribu-
tor.

[0093] In a more particular embodiment, the gas dis-
tributors of the gas burner of the invention comprise
means for directing the gases perpendicularly to the
burner surface and the diffuser surface.

[0094] In an embodiment, the first gas distributor com-
prises means for directing the oxidizer gas in a direction
perpendicular to burner surface and the second gas dis-
tributor comprises means for directing the fuel gas in a
direction perpendicular to the burner surface.

[0095] Inanembodiment, the diffuser of the gas burner
of the invention is a diffuser surface; the first gas distrib-
utor comprises means for directing the oxidizer gas in a
direction perpendicular to the diffuser surface and the
second gas distributor comprises means for directing the
fuel gas in a direction perpendicular to the diffuser sur-
face.

[0096] In a particular embodiment, the burner surface
and the diffuser surface are parallel.

[0097] Inamore particular embodiment, the means for
directing the gases of the gas distributors of the gas burn-
er of the invention are also adapted for distributing the
gases; particularly for distributing the gases through dif-
ferent areas of the distributor.

[0098] In an embodiment, the means for directing the
gases of the gas distributors of the gas burner are chan-
nels or conducts; preferably open channels or conducts.
[0099] In a particular embodiment, the first gas distrib-
utor comprises an oxidizer gas inlet in fluidic communi-
cation with means for directing the oxidizer gas perpen-
dicularly to the burner surface and/or the diffuser surface;
and the second gas distributor comprises an oxidizer gas
inletin fluidic communication with the means for directing
the fuel gas perpendicularly to the burner surface and/or
the diffuser surface.

Frame

[0100] In an embodiment, the burner surface, the dif-
fuser, the first gas distributor and the second gas distrib-
utor of the gas burner of the invention are attached to a
frame with a gas-proof sealing. In an embodiment, the
frame is adapted for directing the gases in a direction
perpendicular to the gas burner surface and/or the dif-
fuser.

[0101] In an embodiment, the burner surface, the dif-
fuser, the first gas distributor and the second gas distrib-
utor of the gas burner of the invention are attached to a
frame by any means for attachment known in the art such
as screws or bolts.
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[0102] The gas-proof sealing does not allow the oxi-
dizer gas or the fuel gas to exit the frame (for example,
through voids in the frame or between the frame and the
burner surface, the diffuser, the first gas distributor and
the second gas distributor), therefore, the gases pass
through the gas burner following a direction mostly per-
pendicular to the burner surface. In addition, said gas-
proof sealing may be of any material known in the art,
for example of a polymeric material.

[0103] In a particular embodiment, the frame is adapt-
ed to hold the burner surface, the diffuser, the first gas
distributor and the second gas distributor of the gas burn-
er, preferably by using attaching means.

[0104] In an embodiment, the frame has a central cir-
cular aperture; preferably wherein the aperture has the
area of the burner surface (2). In particular, the aperture
is adapted to allow the flames being generated.

[0105] In a particular embodiment, the frame is adapt-
ed to cover the laterals of the burner surface, the diffuser,
the first gas distributor and the second gas distributor of
the gas burner; preferably the frame only covers the lat-
erals.

[0106] The apertures or pores of burner surface of the
gas burner of the invention are in fluidic communication:

- with the first gas distributor (4) through the openings
adapted for transporting an oxidizer gas of the dif-
fuser (3); and

- with the second gas distributor (5) through the open-
ings adapted for transporting a fuel gas of the diffuser

3).

[0107] Moreover, the oxidizer gas and the fuel gas mix
in the apertures or pores of the burner surface. In addi-
tion, during combustion, the oxidizer gas and the fuel gas
mix and react in the apertures or pores of the burner
surface creating flames.

[0108] In an embodiment, the apertures of the burner
surface are larger than the openings of the gas diffuser
surface; preferably the diameters of the apertures of the
burner surface are larger than the diameters of the open-
ings of the gas diffuser surface.

[0109] Without being bound to any theory in particular,
the authors of the present invention observed that the
fact that the oxidizer gas and the fuel gas mix and react
in the apertures or pores of the burner surface gas burner
has the advantage of eliminating flashback and reducing
oxidation issues in the burner surface.

[0110] Inaparticularembodiment, the openings adapt-
ed for transporting oxidizer gas of the diffuser are distrib-
uted in said diffuser following a pattern and the openings
adapted for transporting fuel gas are distributed in said
diffuser following a different pattern; wherein the pattern
of the openings adapted for transporting oxidizer gas
matches or overlaps the means for directing the oxidizer
gas in the first gas distributor; and wherein the pattern of
the openings adapted for transporting fuel gas matches
or overlaps the means for directing the fuel gas in the
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second gas distributor.

[0111] In addition, the authors of the present invention
have observed that the presence of a diffuser between
the burner surface and the gas distributors of the gas
burner of the invention, has the advantage of allowing
the gas fuel and the oxidizer gas arriving in a controlled
and homogeneous manner to the apertures or pores
adapted for defining gas mixing zones of the burner sur-
face, during combustion. This leads to more homogene-
ous flames and higher burning efficiency. This advantage
is highlighted when the patterns of the openings in the
diffuser match or overlap with the patterns of the means
fordirecting the gases in the distributors, for each specific
gas.

Cooling means

[0112] In a particular embodiment, the gas burner of
the invention comprises cooling means or means adapt-
ed for cooling the flames generated in/on the burner sur-
face (8) during combustion (i.e. means adapted for re-
ducing the temperature reached by the generated flames
in at least a 10%).

[0113] In a more particular embodiment, the cooling
means or means adapted for cooling the flames gener-
ated in/on the burner surface (8) are at least one flat
surface placed on top of the burner surface; preferably
wherein said at least one flat surface is perpendicular to
the burner surface.

[0114] In a more particular embodiment, the cooling
means or means adapted for cooling the flames gener-
ated in/on the burner surface are two flat surfaces placed
on top of the burner surface; preferably wherein said two
flat surfaces are perpendicular to the burner surface;
preferably wherein said two flat surfaces are also mutu-
ally perpendicular, for example forming a cross.

[0115] In a particular embodiment, the at least one flat
surface have any shape, for example it may have a rec-
tangular shape, an arch shape, a tied arch shape or a
half-disk shape.

[0116] In a particular embodiment, the at least one flat
surface only contacts the burner surface in two or three
points, preferably by projecting portions.

[0117] In a particular embodiment, the at least one flat
surface comprises an aperture; preferably the at least
one flat surface contacts the burner surface in two or
three points by projecting portions and the aperture is
defined between the projecting portions.

[0118] In a particular embodiment, the at least one flat
surface is a fin or a flipper.

[0119] In a particular embodiment, the at least one flat
surface is attached to the diffuser; preferably in two or
three points.

[0120] In an embodiment, the additional surface com-
prises a ceramic material, a metallic material or a mixture
thereof. In another embodiment, the additional surface
consists of a ceramic material, a metallic material or a
mixture thereof.
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[0121] In an embodiment, the additional surface com-
prises pores and/or apertures.

[0122] Without being bound to any theory in particular,
the authors of the present invention observed that the
presence of cooling means in the gas burner has the
advantage of reducing the temperature of the flames cre-
ated during combustion of the burner leading to an un-
desired emissions reduction.

Other products

[0123] A second aspect of the invention is directed to
a burner assembly comprising

- ahousing;
- atleast a gas inlet connected to the housing; and

the gas burner of the invention in any of its particular
embodiments.

[0124] In a particular embodiment, the housing com-
prises the gas burner of the invention in any of its partic-
ular embodiments, connected to at least one gas inlet.
[0125] An additional aspect of the invention is directed
to a boiler comprising

- aheat exchanger; and

- the gas burner of the invention in any of its particular
embodiments or the burner assembly as defined in
any of its particular embodiments.

[0126] In an embodiment, the boiler is a water boiler
and/or the heat exchanger is adapted for circulating wa-
ter.

[0127] In a particular embodiment, the gas burner of
the invention in any of its particular embodiments or the
burner assembly as defined in any of its particular em-
bodiments generate heat under combustion that heats
the water inside the heat exchanger.

Uses

[0128] An additional aspect of the invention is directed
to the use of the gas burner of the invention in any of its
particular embodiments, in boilers, water heaters and/or
cooking burners preferably using a gas or a mixture of
gases.

[0129] A further additional aspect of the invention is
directed to the use of the burner assembly of the invention
in any of its particular embodiments, in boilers, water
heaters and/or cooking burners preferably using a gas
or a mixture of gases.

[0130] An additional aspect is directed to a method
comprising a step of using the gas burner or the burner
assembly of the invention in any of its particular embod-
iments in boilers, water heaters and/or cooking burners
preferably using a gas or a mixture of gases.

[0131] An additional aspect of the invention is directed
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to the use of the gas burner of the invention in any of its
particular embodiments, in hydrogen combustion appli-
cations.

[0132] A further additional aspect of the invention is
directed to the use ofthe burner assembly of the invention
in any of its particular embodiments, in hydrogen com-
bustion applications.

[0133] An additional aspect is directed to a method
comprising the step of using the gas burner or the burner
assembly of the invention in any of its particular embod-
iments in hydrogen combustion applications.

Particular embodiments

[0134] Figure 1 shows a first embodiment of a gas
burner (1) according to the invention. Said burner 1 com-
prises a burner surface (2) comprising apertures or pores
adapted for defining gas mixing zones; a diffuser (3) be-
low the burner surface (2), comprising openings adapted
for transporting oxidizer gas and openings adapted for
transporting fuel gas; a first gas distributor (4) adapted
for distributing an oxidizer gas, such as air; and a second
gas distributor (5) adapted for distributing a fuel gas, such
as hydrogen; wherein the first and the second gas dis-
tributors are placed below the diffuser (3). The first and
second gas distributors are not showed in Figure 1.
[0135] The burner surface (2), the diffuser (3), the first
gas distributor (4) and the second gas distributor (5) of
the embodiment of Figure 1 are attached to a frame (6)
with a gas-proof sealing (7) using means adapted for
attaching such as screws. The frame (6) has a central
circular aperture with an area similar to the one of the
burner surface (2) (it only covers partially the burner sur-
face). The burner surface of the gas burner of the em-
bodiment is in fluidic communication with the first gas
distributor (4) through the openings adapted for trans-
porting an oxidizer gas of the diffuser (3); and with the
second gas distributor (5) through the openings adapted
for transporting a fuel gas of the diffuser (3); such that
when the gases flow though the gas burner, the oxidizer
gas and the fuel gas are mixed in the apertures or pores
of the burner surface. The gas burner has also gas inlets
(not showed in Figure 1), in particular, a fuel gas inlet
and an oxidizer gas inlet comprising fuel gas an oxidizer
gas conduits respectively. The fuel gas inlet is at least
partially housed in the first gas distributor and the oxidizer
gas inlet is at least partially housed in the second gas
distributor. The first and second gas distributors (4, 5)
are independent from each other, i.e. the fuel gas and
oxidizer gas are transported in an independent manner.
In addition, the openings adapted for transporting oxidiz-
er gas and openings adapted for transporting fuel gas of
the diffuser (3) are also independent from each other.
[0136] The presence of a diffuser (3) between the burn-
er surface (2) and the gas distributors (4, 5) of the gas
burner (1) of the embodiment allows the necessary
amount of oxidizer gas and fuel gas required for gas com-
bustion to occur, reaching each mixing zone in each of
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the apertures of the burner surface (2).

[0137] In addition, the diffuser (3) of the embodiment
allows that the same amount of gas (either oxidizer or
fuel gas) reaches all the gas mixing zones (apertures of
the burner surface) equally, leading to the production of
similar flames and to an homogenous distribution of
flames in the burner surface (2). In addition, the gas burn-
er allows tuning the respective amounts of oxidizer gas
and fuel gas (ratio fuel:oxidizer) that reach the flames.
[0138] Figure 2 shows a partial exploded view of a sec-
ond embodiment of a gas burner (1).Said burner 1 com-
prises a burner surface (2) comprising several slits (form-
ing concentric and radial patterns) adapted for defining
gas mixing zones; a diffuser (3) below the burner surface
(2) and not in contact with said burner surface (3), com-
prising cylindrical openings adapted for transporting ox-
idizer gas and cylindrical openings adapted for transport-
ing fuel gas; a first gas distributor (4) adapted for distrib-
uting an oxidizer gas, such as air; and a second gas dis-
tributor (5) adapted for distributing a fuel gas, such as
hydrogen; wherein the first and the second gas distribu-
tors are placed below the diffuser (3). The first and sec-
ond gas distributors are not showed in Figure 2 but may
be seen in Figure 3.

[0139] The burner surface (2), the diffuser (3), the first
gas distributor (4) and the second gas distributor (5) of
the embodiment of Figure 1 are attached to a frame (6)
with a gas-proof sealing (7) using means for attaching
such as screws. The frame (6) has a central circular ap-
erture with an area similar to the one of the burner surface
(2) (itonly covers partially the burner surface). The burner
surface of the gas burner of the embodiment is in fluidic
communication with the first gas distributor (4) through
the openings adapted for transporting an oxidizer gas of
the diffuser (3); and with the second gas distributor (5)
through the openings adapted for transporting a fuel gas
of the diffuser (3). The gas burner has also gas inlets (not
showed in Figure 1), in particular a fuel gas inlet and an
oxidizer gas inlet comprising fuel gas an oxidizer gas
conduits respectively. The fuel gasinletis atleast partially
housed in the first gas distributor and the oxidizer gas
inlet is at least partially housed in the second gas distrib-
utor. The first and second gas distributors (4, 5) are in-
dependent from each other, i.e., the fuel gas and oxidizer
gas are transported in an independent manner. In addi-
tion, the openings adapted for transporting oxidizer gas
and openings adapted for transporting fuel gas of the
diffuser (3) are also independent from each other.
[0140] The presence of adiffuser(3)between the burn-
er surface (2) and the gas distributors (4, 5) of the gas
burner (1) of the embodiment allows the necessary
amount of oxidizer gas and fuel gas required for gas com-
bustion to occur, reaching each mixing zone in each of
the apertures of the burner surface (2).

[0141] In addition, the diffuser (3) of the embodiment
allows that the same amount of oxidizer gas and fuel gas
reaches all the gas mixing zones (apertures of the burner
surface) equally, leading to the production of similar
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flames and of an homogenous distribution of flames in
the burner surface (2). The respective amounts of oxi-
dizer gas and fuel gas (ratio fuel:oxidizer) that reach the
flames can be tuned.

[0142] Figure 2 also shows cooling means or means
adapted for cooling the flames and/or the burner surface
during combustion (8), which in this embodiment are two
rectangular flat surfaces or plates each of them compris-
ing at least an aperture, situated perpendicular to the
burner surface (2) and also mutually perpendicular (form-
ing a cross) which are attached to the diffuser (3) in two
or three points by projecting portions, wherein the aper-
tures are defined between the projecting portions.

Claims
1. A gas burner (1) comprising:

a) a burner surface (2) comprising apertures or
pores;

b) a diffuser (3) comprising openings adapted
for transporting oxidizer gas and openings
adapted for transporting fuel gas; and

c) afirst gas distributor (4) adapted for distribut-
ing an oxidizer gas, such as air; and a second
gas distributor (5) adapted for distributing a fuel
gas, such as hydrogen;

wherein the diffuser (3) is between the burner sur-
face (2) and the first and the second gas distributors
(4, 5);

wherein the apertures or pores of the burner surface
are in fluidic communication:

- with the first gas distributor (4) through the
openings adapted for transporting an oxidizer
gas of the diffuser (3); and

- with the second gas distributor (5) through the
openings adapted for transporting a fuel gas of
the diffuser (3).

2. The gas burner (1) according to claim 1, wherein the
burner surface comprises or consists of a ceramic
material.

3. The gas burner (1) according to claim 2, wherein the
ceramic material is a ceramic oxide, a non-oxide ce-
ramic or combinations thereof.

4. The gas burner (1) according to claim 3, wherein the
ceramic material is silicon carbide (SiC), silicon car-
bonitride (SiCN), alumina (Al,O53), alumina-mullite,
aluminum borosilicate, silica (SiO,) or mixtures
thereof.

5. The gas burner (1) according to any of claims 1 to
4, wherein the burner surface has a porosity of be-
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tween a 2% and a 95% of the total volume of the
burner surface; wherein the porosity refers to a void
fraction created by pores or apertures that is a frac-
tion of the volume of voids over the total volume ex-
pressed as a percentage between 0% and 100%.

The gas burner (1) according to any of claims 1 to 5,

wherein the first gas distributor (4) comprises an
oxidizer gas inlet and means for directing the
oxidizer gas perpendicularly to the burner sur-
face; wherein the oxidizer gas inlet is in fluidic
communication with means for directing the ox-
idizer gas perpendicularly to the burner surface
(2); and

wherein the second gas distributor (5) compris-
es an oxidizer gas inlet and means for directing
the oxidizer gas perpendicularly to the burner
surface, wherein the oxidizer gas inlet is in fluidic
communication with means for directing the fuel
gas perpendicularly to the burner surface.

The gas burner (1) according to any of claims 1 to
6, wherein the diffuser (3) comprises areas wherein
the openings adapted for transporting oxidizer gas
are grouped forming a logo or pattern, and areas
wherein the openings adapted for transporting fuel
gas are grouped forming a logo or pattern.

The gas burner (1) according to any of claims 1 to
7, further comprising cooling means (8) on top of the
burner surface (2).

The gas burner (1) according to claim 8, wherein the
cooling means (8) comprises at least one flat surface
perpendicular to the burner surface (2).

A burner assembly comprising:

- a housing;

- at least a gas inlet connected to the housing;
and

-the gas burner as defined inany of claims 1t0 9.

A boiler comprising:

- a heat exchanger; and
- the gas burner as defined in any of claims 1 to
9 or the burner assembly as defined in claim 10.

Use of the gas burner according to any of claims 1
to 9 or of the burner assembly according to claim 10,
in boilers, water heaters and/or cooking burners pref-
erably using a gas or a mixture of gases.

The use according to claim 12, wherein the gas or a
mixture of gases comprises hydrogen.
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14.

15.

The use according to claim 12, wherein the hydrogen
is over 95 % in volume of the total volume of the
mixture of gases.

Use of the burner as defined in any of claims 1 to 9,
the burner assembly according to claim 10, or the
boiler according to claim 11, in hydrogen combustion
applications.
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