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(54) PERFORATED PLATE FUEL DISTRIBUTOR WITH SIMPLIFIED SWIRLER

(57) A fuel nozzle (101) for a turbine engine using
hydrogen fuel includes a tubular element (110), a perfo-
rated fuel distributor (120) disposed along the tubular el-
ement (110) and comprising a plate body (121) defining
holes (122), and a swirler element (130) abuttable with
an end wall (103) of a combustor (102) of the turbine
engine. The swirler element (130) includes an inner swirl-

er body (131) formed to define a swirl area (133) receptive
of hydrogen fuel from the tubular element (110) via the
holes (122), and an outer swirler body disposed about
the inner swirler body (131) and formed to define open-
ings (134) through which fluid flows radially into the swirl
area (133) to mix with the hydrogen fuel prior to flowing
into the combustor (102).
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Description

BACKGROUND

[0001] The present invention relates to fuel distribution
and, in particular, to a perforated plate fuel distributor
with a simplified swirler.
[0002] In a gas turbine engine, fuel is combusted in a
combustor to generate high-temperature and high-pres-
sure working fluid that is expanded in a turbine to cause
a rotor to rotate. Previously, the fuel has been liquid fuel
and the components by which those fuels are transported
to the combustor have been designed for compatibility
with those fuels. Presently, however, there is an ongoing
effort to replace liquid fuel with hydrogen as a fuel for
turbine engines for use in flight applications and it has
been found that the use of hydrogen requires certain
changes be made to the components since they are not
necessarily compatible with hydrogen.
[0003] Previous attempts at retrofitting turbine engines
for hydrogen have involved the use of a fuel distributor
at an end of a fuel nozzle with jets that extend into the
combustor. The fuel injectors and combustor compo-
nents tended to experience thermal damage due to hy-
drogen having a higher flame speed than other types of
fuels.
[0004] A need therefore remains for a fuel nozzle in a
turbine engine in flight applications that is compatible with
hydrogen fuel.

SUMMARY

[0005] According to an aspect of the invention, a fuel
nozzle for a turbine engine using hydrogen fuel is pro-
vided. The fuel nozzle includes a tubular element, a per-
forated fuel distributor disposed along the tubular ele-
ment and comprising a plate body defining holes and a
swirler element abuttable with an end wall of a combustor
of the turbine engine. The swirler element includes an
inner swirler body formed to define a swirl area receptive
of hydrogen fuel from the tubular element via the holes
and an outer swirler body disposed about the inner swirler
body and formed to define openings through which fluid
flows radially into the swirl area to mix with the hydrogen
fuel prior to flowing into the combustor.
[0006] In accordance with the previous aspect, the fuel
nozzle further includes at least one of a valve at an up-
stream end of the tubular element to selectively block
hydrogen fuel flow through the tubular element and an
orifice at an upstream end of the tubular element to con-
trol hydrogen fuel flow through the tubular element.
[0007] In accordance with any of the previous aspects
or embodiments, at least one of the perforated fuel dis-
tributor and the swirler element includes at least one of
metallic materials and ceramic materials.
[0008] In accordance with any of the previous aspects
or embodiments, the fuel nozzle further includes a ther-
mal coating on at least the holes.

[0009] In accordance with any of the previous aspects
or embodiments, the holes are counter-angled relative
to the openings of the outer swirler body.
[0010] In accordance with any of the previous aspects
or embodiments, the holes are non-uniformly distributed
across a plane of the plate body.
[0011] In accordance any of the previous aspects or
embodiments, one or more of the holes are tapered.
[0012] In accordance with any of the previous aspects
or embodiments, the openings of the outer swirler body
are at least one of vane openings and holes.
[0013] According to another aspect of the invention, a
fuel nozzle for a turbine engine using hydrogen fuel is
provided. The fuel nozzle includes a tubular element, a
radial fuel distributor disposed along the tubular element
and comprising a plate body defining one or more cir-
cumferential apertures and a swirler element abuttable
with an end wall of a combustor of the turbine engine.
The swirler element includes an inner swirler body
formed to define a swirl area receptive of hydrogen fuel
from the tubular element via the one or more circumfer-
ential apertures and an outer swirler body disposed about
the inner swirler body and formed to define openings
through which fluid flows radially into the swirl area to
mix with the hydrogen fuel prior to flowing into the com-
bustor.
[0014] In accordance with any of the previous aspects
or embodiments, the fuel nozzle further includes at least
one of a valve at an upstream end of the tubular element
to selectively block hydrogen fuel flow through the tubular
element and an orifice at an upstream end of the tubular
element to control hydrogen fuel flow through the tubular
element.
[0015] In accordance with any of the previous aspects
or embodiments, at least one of the radial fuel distributor
and the swirler element includes at least one of metallic
materials and ceramic materials.
[0016] In accordance with any of the previous aspects
or embodiments, the fuel nozzle further includes a ther-
mal coating on at least the one or more circumferential
apertures.
[0017] In accordance with any of the previous aspects
or embodiments, the one or more circumferential aper-
tures are pointed radially outwardly.
[0018] In accordance with any of the previous aspects
or embodiments, the one or more circumferential aper-
tures are pointed radially inwardly.
[0019] In accordance with any of the previous aspects
or embodiments, the openings of the outer swirler body
are at least one of vane openings and holes.
[0020] According to another aspect of the invention, a
fuel nozzle for a turbine engine using hydrogen fuel is
provided. The fuel nozzle includes a tubular element, a
foamed fuel distributor disposed along the tubular ele-
ment and a swirler element abuttable with an end wall of
a combustor of the turbine engine. The swirler element
includes an inner swirler body formed to define a swirl
area receptive of hydrogen fuel from the tubular element
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through the foamed fuel distributor and an outer swirler
body disposed about the inner swirler body and formed
to define openings through which fluid flows radially into
the swirl area to mix with the hydrogen fuel prior to flowing
into the combustor.
[0021] In accordance with any of the previous aspects
or embodiments, the fuel nozzle further includes at least
one of a valve at an upstream end of the tubular element
to selectively block hydrogen fuel flow through the tubular
element and an orifice at an upstream end of the tubular
element to control hydrogen fuel flow through the tubular
element.
[0022] In accordance with any of the previous aspects
or embodiments, the foamed fuel distributor includes at
least one or more of metallic foam, a ceramic foam and
a polymeric foam.
[0023] In accordance with any of the previous aspects
or embodiments, the fuel nozzle further includes a ther-
mal coating on at least the foamed fuel distributor.
[0024] In accordance with any of the previous aspects
or embodiments, the openings of the outer swirler body
are at least one of vane openings and holes.
[0025] Additional features and advantages are real-
ized through the techniques of the present disclosure.
Other embodiments and aspects of the disclosure are
described in detail herein and are considered a part of
the claimed technical concept. For a better understand-
ing of the disclosure with the advantages and the fea-
tures, refer to the description and to the drawings.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWINGS

[0026] For a more complete understanding of this dis-
closure, reference is now made to the following brief de-
scription, taken in connection with the accompanying
drawings and detailed description, wherein like reference
numerals represent like parts:

FIG. 1 is a schematic side view of a fuel nozzle with
a perforated fuel distributor for use with a turbine
engine that is compatible with hydrogen as a fuel in
accordance with embodiments;

FIG. 2 is a schematic side view of a valve for the fuel
nozzle of FIG. 1 in accordance with embodiments;

FIG. 3 is a schematic side view of an orifice for the
fuel nozzle of FIG. 1 in accordance with embodi-
ments;

FIG. 4 is a schematic axial view of a perforated fuel
distributor with counter-angled holes of the fuel noz-
zle of FIG. 1 in accordance with embodiments;

FIG. 5 is a schematic axial view of a perforated fuel
distributor with non-uniformly distributed holes of the
fuel nozzle of FIG. 1 in accordance with embodi-

ments;

FIG. 6 is a schematic side view of a perforated fuel
distributor with tapered holes of the fuel nozzle of
FIG. 1 in accordance with embodiments;

FIG. 7 is a schematic side view of a fuel nozzle with
a radial fuel distributor for use with a turbine engine
that is compatible with hydrogen as a fuel in accord-
ance with embodiments;

FIGS. 8A and 8B are schematic side and axial views
of a radial fuel distributor with a radially outwardly
pointing circumferential aperture of the fuel nozzle
of FIG. 7 in accordance with embodiments;

FIG. 9 is a schematic axial view of a radial fuel dis-
tributor with a radially inwardly pointing circumferen-
tial aperture of the fuel nozzle of FIG. 7 in accordance
with embodiments; and

FIG. 10 is a schematic side view of a fuel nozzle with
a foamed metal fuel distributor for use with a turbine
engine that is compatible with hydrogen as a fuel in
accordance with embodiments.

DETAILED DESCRIPTION

[0027] As will be described below, a fuel nozzle is pro-
posed for use with a turbine engine in flight applications
and other applications that is compatible with hydrogen
as a fuel. The fuel nozzle is flush with an end wall of a
combustor and includes a tubular element leading to a
perforated plate fuel distributor that distributes hydrogen
fuel to a swirler area that abuts and is conformal with the
end wall of the combustor. In the perforated plate fuel
distributor, a hole distribution and flow area are provided
to obtain mixing and a correct pressure drop and to arrest
flashback. The swirler allows fluid to enter the swirler
area through vanes or holes in a radial dimension with a
circumferential component to mix with hydrogen fuel
passing through the holes in the perforated plate fuel
distributor prior to entering the combustor.
[0028] In some cases, the perforated plate fuel distrib-
utor can be replaced by a rounded edge element or an
element produced from metallic foam.
[0029] In some other cases, the fuel nozzle can be
turned on or off selectively to achieve certain perform-
ance characteristics.
[0030] With reference to FIG. 1, a fuel nozzle 101 is
provided for a turbine engine that uses hydrogen fuel for
combustion in a combustor 102 having an end wall 103.
The fuel nozzle 101 includes a tubular element 110, a
perforated fuel distributor 120 and a swirler element 130.
The tubular element 110 can be a duct defining a flow
path having an inlet 111 and an outlet 112 that connects
to an interior of the combustor 102 by way of an opening
in the end wall 103. The perforated fuel distributor 120
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is disposed along the tubular element 110 and includes
a plate body 121. The plate body 121 is formed to define
holes 122. The swirler element 130 is abuttable with the
end wall 103. The swirler element 130 includes an inner
swirler body 131 and an outer swirler body 132. The inner
swirler body 131 is formed to define a swirl area 133. The
swirl areas 133 is receptive of hydrogen fuel from the
tubular element 110 via the holes 122. The outer swirler
body 132 is disposed about the inner swirler body 131
and is formed to define openings 134 through which fluid
flows radially into the swirl area 133 to mix with the hy-
drogen fuel prior to flowing into the combustor 102. In
accordance with embodiments, the fluid can be various
types of combustible fluids including, but not limited to,
air, oxygen and hydrogen and/or combinations thereof.
[0031] In accordance with embodiments and as shown
in FIG. 1, the openings 134 of the outer swirler body 132
can be provided as at least one of vane openings 1341
that are generally elongate, and holes 1342 that are gen-
erally annular.
[0032] In accordance with embodiments, at least one
of the perforated fuel distributor 120 and the swirler ele-
ment 130 includes at least one of metallic materials and
ceramic materials (e.g., ceramic matrix composite mate-
rials). In the case of the perforated fuel distributor 120
being formed of metallic materials, the fuel nozzle 101
can further include a thermal coating 160, such as ther-
mal barrier coating (TBC), on at least the surfaces of the
holes 122. The TBC can be designed to prevent or inhibit
hydrogen embrittlement, for example, and can be applied
using various processes such as chemical vapor depo-
sition (CVD) or other similar processes.
[0033] With reference to FIGS. 2 and 3, the fuel nozzle
101 can further include at least one of a valve 140 (see
FIG. 2) and an orifice 150 (see FIG. 3). In those embod-
iments which contain a valve, the valve 140 and the orifice
150 may be combined. The orifice 150 may be used to
adjust the flow capacity of the fuel nozzle 101 to obtain
the desired fuel distribution within the engine. As shown
in FIG. 2, the valve 140 can be disposed at an upstream
end (i.e., the inlet 111) of the tubular element 110 to se-
lectively permit, adjust or block hydrogen fuel flow
through the tubular element 110. As shown in FIG. 3, the
orifice 150 can be disposed at the upstream end (i.e., the
inlet 111) of the tubular element 110 to control hydrogen
fuel flow through the tubular element 110. At least the
orifice 150 can be aimed to encourage hydrogen flow at
a given angle through the tubular element 110, especially
in a case in which the tubular element 110 is curved or
bent as in FIG. 1. For example, in a case in which the
tubular element 110 is bent as in FIG. 1, the orifice 150
can be aimed toward an outside of the bend to promote
laminar hydrogen flow toward the perforated fuel distrib-
utor 120.
[0034] With continued reference to FIG. 1 and with ad-
ditional reference to FIGS. 4-6, the holes 122 can be
counter-angled relative to the openings 134 of the outer
swirler body 130 (see FIG. 4), the holes 122 can be non-

uniformly distributed across a plane P of the plate body
121 (see FIG. 5) and one or more of the holes 122 can
be tapered (see FIG. 6). As shown in FIG. 4, where the
openings 134 of the outer swirler body 130 are arranged
in a clockwise pattern 401, the holes 122 can be counter-
angled in a counter-clockwise direction 402. In this way,
as hydrogen fuel passes through the holes 122, mixing
of the clockwise flowing fluid and the counter-clockwise
flow of hydrogen fuel can be increased. As shown in FIG.
5, the holes 122 can be arranged in concentric rows
around a centerline of the plate body 121 (see FIG. 1)
but can also be non-uniformly distributed toward one or
more sides. For example, in the case of the tubular ele-
ment 110 being bent as in FIG. 1, a greater number of
holes 122 can be provided on the side of the plate body
121 closest to the outside of the bend to form a non-
uniform distribution 501 at a location where most of the
hydrogen fuel flow will be located as it completes its flow
around the bend in the tubular element 110. As shown
in FIG. 6, one or more of the holes 122 can be tapered
in either the upstream or downstream direction. For ex-
ample, to maintain hydrogen fuel flow velocity through
the holes 122, the holes 122 can exhibit an inward taper-
ing 601 toward the swirl area 133.
[0035] With reference to FIGS. 7-9, a fuel nozzle 701
is provided and is generally similar to the fuel nozzle 101
with the primary difference being that the fuel nozzle 701
includes a radial fuel distributor 710 instead of the flat
plate perforated fuel distributor 120 described above.
With this in mind, different shapes of the radial fuel dis-
tributor 701 may be envisioned. For example, FIG. 7 de-
scribes a conical shape, while FIGS. 8A and 8B and FIG.
9 describe a cylindrical shape. A variation of the conical
distributor is also envisioned, where the shape of the dis-
tributor is defined according to the local fuel and air flows
within the nozzle.
[0036] As shown in FIG. 7, the radial fuel distributor
710 is disposed along the tubular element 110 and in-
cludes a plate body 711 that defines one or more circum-
ferential apertures 712. The one or more circumferential
apertures 712 can be, but are not required to be, gener-
ally disposed at a periphery of the plate body 711 and
are configured to allow hydrogen fuel to flow through to
the swirl area 133. As shown in FIGS. 8A and 8B and
FIG. 9, the one or more circumferential apertures 712
can point radially outwardly with decreasing distance to
the swirl area 133 so that the circumferential apertures
direct flow with an outward radial component (see FIG.
8) or radially inwardly with decreasing distance to the
swirl area 133 so that the circumferential apertures direct
flow with an inward radial component (see FIG. 9). Al-
though not shown in FIGS. 7-9, each of the one or more
circumferential apertures 712 can have a circumferential
taper to thereby impart a swirling effect to the flow of the
hydrogen fuel. It is to be understood that the thermal coat-
ing 160 and the embodiments of FIGS. 2 and 3 can be
incorporated into the fuel nozzle 701.
[0037] With reference to FIG. 10, a fuel nozzle 1001 is
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provided and is generally similar to the fuel nozzles 101
and 701 with the primary difference being that the fuel
nozzle 1001 includes a foamed fuel distributor 1010 in-
stead of the perforated fuel distributor 120 or the radial
fuel distributor 710 described above. The foamed fuel
distributor 1010 is disposed along the tubular element
110 and can be formed of at least one or more of metallic
foam, a ceramic foam and a polymeric foam. It is to be
understood that the thermal coating 160 and the embod-
iments of FIGS. 2 and 3 can be incorporated into the fuel
nozzle 1001.
[0038] It is to be understood that the various embodi-
ments described herein can be generally interchangea-
ble with one another without undue experimentation. For
example, the counter-angled holes 122 of FIG. 4 can be
non-uniformly distributed as shown in FIG. 5.
[0039] Technical effects and benefits of the present
disclosure are the provision of a fuel nozzle for use with
a turbine engine in flight applications or other applications
that is compatible with hydrogen fuel. A turbine engine
can be retrofit with the fuel nozzle with a relatively minimal
amount of service and maintenance effort.
[0040] The corresponding structures, materials, acts,
and equivalents of all means or step-plus function ele-
ments in the claims below are intended to include any
structure, material, or act for performing the function in
combination with other claimed elements as specifically
claimed. The description of the present disclosure has
been presented for purposes of illustration and descrip-
tion, but is not intended to be exhaustive or limited to the
technical concepts in the form disclosed. Many modifi-
cations and variations will be apparent to those of ordi-
nary skill in the art without departing from the scope and
spirit of the disclosure. The embodiments were chosen
and described in order to best explain the principles of
the disclosure and the practical application, and to enable
others of ordinary skill in the art to understand the dis-
closure for various embodiments with various modifica-
tions as are suited to the particular use contemplated.
[0041] While the preferred embodiments to the disclo-
sure have been described, it will be understood that those
skilled in the art, both now and in the future, may make
various improvements and enhancements which fall
within the scope of the claims which follow. These claims
should be construed to maintain the proper protection for
the disclosure first described.

Claims

1. A fuel nozzle (101) for a turbine engine using hydro-
gen fuel, the fuel nozzle (101) comprising:

a tubular element (110);
a perforated fuel distributor (120) disposed
along the tubular element (110) and comprising
a plate body (121) defining holes (122); and
a swirler element (130) abuttable with an end

wall (103) of a combustor (102) of the turbine
engine and comprising:

an inner swirler body (131) formed to define
a swirl area (133) receptive of hydrogen fuel
from the tubular element (110) via the holes
(122); and
an outer swirler body (132) disposed about
the inner swirler body (131) and formed to
define openings (134) through which fluid
flows radially into the swirl area (133) to mix
with the hydrogen fuel prior to flowing into
the combustor (102).

2. The fuel nozzle (101) according to claim 1, further
comprising:

a valve (140) at an upstream end (111) of the
tubular element (110) to selectively block hydro-
gen fuel flow through the tubular element (110);
and/or
an orifice (150) at an upstream end (111) of the
tubular element (110) to control hydrogen fuel
flow through the tubular element (110).

3. The fuel nozzle (101) according to claim 1 or 2,
wherein the perforated fuel distributor (120) and/or
the swirler element (130) comprises metallic mate-
rials and/or ceramic materials.

4. The fuel nozzle (101) according to claim 1, 2 or 3,
further comprising a thermal coating (160) on at least
the holes (122).

5. The fuel nozzle (101) according to any preceding
claim, wherein the holes (122) are counter-angled
relative to the openings (134) of the outer swirler
body (132).

6. The fuel nozzle (101) according to any preceding
claim, wherein the holes (122) are non-uniformly dis-
tributed across a plane of the plate body (121).

7. The fuel nozzle (101) according to any preceding
claim, wherein one or more of the holes (122) are
tapered.

8. The fuel nozzle (101) according to any preceding
claim, wherein the openings (134) of the outer swirler
body (132) are vane openings and/or holes.

9. A fuel nozzle (701) for a turbine engine using hydro-
gen fuel, the fuel nozzle (701) comprising:

a tubular element (110);
a radial fuel distributor (710) disposed along the
tubular element (110) and comprising a plate
body (711) defining one or more circumferential
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apertures (712); and
a swirler element (130) abuttable with an end
wall (103) of a combustor (102) of the turbine
engine and comprising:

an inner swirler body (131) formed to define
a swirl area (133) receptive of hydrogen fuel
from the tubular element (110) via the one
or more circumferential apertures (712);
and
an outer swirler body (132) disposed about
the inner swirler body (131) and formed to
define openings (134) through which fluid
flows radially into the swirl area (133) to mix
with the hydrogen fuel prior to flowing into
the combustor (102), optionally wherein:

the fuel nozzle (701) further comprises:

a valve (140) at an upstream end (111) of
the tubular element (110) to selectively
block hydrogen fuel flow through the tubular
element (110); and/or
an orifice (150) at an upstream end (111) of
the tubular element (110) to control hydro-
gen fuel flow through the tubular element
(110); and/or

the openings (134) of the outer swirler body
(132) are vane openings and/or holes.

10. The fuel nozzle (701) according to claim 9, wherein
the radial fuel distributor (710) and/or the swirler el-
ement (130) comprises metallic materials and/or ce-
ramic materials.

11. The fuel nozzle (701) according to claim 9 or 10,
further comprising a thermal coating (160) on at least
the one or more circumferential apertures (712).

12. The fuel nozzle (701) according to any of claims 9
to 11, wherein:

the one or more circumferential apertures (712)
are pointed radially outwardly; or
the one or more circumferential apertures (712)
are pointed radially inwardly.

13. A fuel nozzle (1001) for a turbine engine using hy-
drogen fuel, the fuel nozzle (1001) comprising:

a tubular element (110);
a foamed fuel distributor (1010) disposed along
the tubular element (110); and
a swirler element (130) abuttable with an end
wall (103) of a combustor (102) of the turbine
engine and comprising:

an inner swirler body (131) formed to define
a swirl area (133) receptive of hydrogen fuel
from the tubular element (110) through the
foamed fuel distributor (1010); and
an outer swirler body (132) disposed about
the inner swirler body (131) and formed to
define openings (134) through which fluid
flows radially into the swirl area (133) to mix
with the hydrogen fuel prior to flowing into
the combustor (102), optionally wherein:

the fuel nozzle (1001) further comprises:

a valve (140) at an upstream end of the tu-
bular element (110) to selectively block hy-
drogen fuel flow through the tubular element
(110); and/or
an orifice (150) at an upstream end (111) of
the tubular element (110) to control hydro-
gen fuel flow through the tubular element
(110),

the openings (134) of the outer swirler body
(132) are vane openings and/or holes.

14. The fuel nozzle (1001) according to claim 13, where-
in the foamed fuel distributor (1010) comprises a me-
tallic foam, a ceramic foam and/or a polymeric foam.

15. The fuel nozzle (1001) according to claim 13 or 14,
further comprising a thermal coating (160) on at least
the foamed fuel distributor (1010).
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