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(54) Fuel injector

(57) A fuel injector (30) is provided and includes a
member (40) defining a flowpath (51) through which a
first fluid (52) flows, the flowpath (51) having a cross-
section with transverse elongate and short axes, a head
(60) defining a plenum (61) storing a supply of a second
fluid (62) and a system fluidly coupled to the flowpath
(51) and the plenum (61) to inject the second fluid (62)
from the plenum and into the flowpath (51) at first (81)
and second (82) locations along the elongate axis. The
injected second fluid (62) is formed into jets at the first
(81) and second (82) locations, the first fluid (52) entrains
the jets such that the injected second fluid (62) flows
through the flowpath (51) and mixes with the first fluid
(52), and the short axis has a sufficient dimension such
that the jets remain spaced from a sidewall (50) of the
member (40)
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Description

BACKGROUND OF THE INVENTION

[0001] The subject matter disclosed herein relates to
a fuel injector and, more particularly, to a fuel injector for
a staged combustion process.
[0002] In gas turbine engines, combustible materials
are combusted in a combustor and the high energy fluids
produced by the combustion are directed to a turbine via
a transition piece. In the turbine, the high energy fluids
aerodynamically interact with and drive rotation of turbine
blades in order to generate electricity. The high energy
fluids are then transmitted to further power generation
systems or exhausted as emissions along with certain
pollutants, such as oxides of nitrogen (NOx) and carbon
monoxide (CO). These pollutants are produced due to
non-ideal consumption of the combustible materials.
[0003] Recently, efforts have been undertaken to
achieve more ideal consumption of the combustible ma-
terials to thereby reduce the amounts of pollutants in the
emissions. These efforts include the development of fuel
injection whereby combustible materials are injected into
the transition piece to mix with the main flow of high en-
ergy fluid moving through the transition piece toward the
turbine. This leads to increased temperature and energy
of the high energy fluids and more ideal consumption of
fuel, which correspondingly reduces the pollutant emis-
sions.

BRIEF DESCRIPTION OF THE INVENTION

[0004] According to one aspect of the invention, a fuel
injector is provided and includes a member defining a
flowpath through which a first fluid flows, the flowpath
having a cross-section with transverse elongate and
short axes, a head defining a plenum storing a supply of
a second fluid and a system fluidly coupled to the flowpath
and the plenum to inject the second fluid from the plenum
and into the flowpath at first and second locations along
the elongate axis. The injected second fluid is formed
into jets at the first and second locations, the first fluid
entrains the jets such that the injected second fluid flows
through the flowpath and mixes with the first fluid, and
the short axis has a sufficient dimension such that the
jets remain spaced from a sidewall of the member.
[0005] According to another aspect of the invention, a
portion of a gas turbine engine is provided and includes
a vessel including a liner defining an interior through
which a main flow travels and a flow sleeve disposed
about the liner to define a space through which a liner
flow travels and a fuel injector as recited above.
[0006] These and other advantages and features will
become more apparent from the following description
taken in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Embodiments of the present invention will now
be described, by way of example only, with reference to
the accompanying drawings in which:

FIG. 1 is a perspective view of a fuel injector;

FIG. 2 is a cutaway view of the fuel injector of FIG. 1;

FIG. 3 is a circumferential view of a fuel injector;

FIG. 4 is a radial view of the fuel injector of FIG. 3;

FIG. 5 is a perspective view of a fuel injector accord-
ing to alternative embodiments;

FIG. 6 is a perspective view of a blade matrix;

FIG. 7 is a schematic radial view of a fuel injector;

FIG. 8 is a schematic radial view of a fuel injector; and

FIG. 9 is a schematic radial view of plural fuel injec-
tors.

[0008] The detailed description explains embodiments
of the invention, together with advantages and features,
by way of example with reference to the drawings.

DETAILED DESCRIPTION OF THE INVENTION

[0009] With reference to FIGS. 1 and 2, a portion of a
gas turbine engine 10 is provided and includes a vessel,
such as for example, a transition piece 20 and a fuel
injector 30. The transition piece 20 includes a transition
piece body such as a liner 21. The liner 21 is formed to
define an interior 23. A main flow 24 of high energy fluid
is produced by combustion in a combustor and travels
from the combustor, which is operably disposed up-
stream from the transition piece 20, through the interior
23 to a turbine operably disposed downstream from the
transition piece 20. A flow sleeve 22, which can be re-
ferred to as an impingement sleeve, may in some em-
bodiments surround the liner 21 to form an annular space
25 about the liner 21 through which a liner flow 26, such
as compressor discharge casing (CDC) air, flows in an
upstream direction toward a head end of the combustor.
The liner flow 26 and the main flow 24 may propagate in
substantially opposite directions.
[0010] The fuel injector 30 includes a member 40 dis-
posed to traverse the annular space 25 in a substantially
radial direction. The member 40 includes a sidewall 50.
The sidewall 50 defines a flowpath 51 through which a
first fluid 52, such as air or CDC air, flows in the radial
direction. The flowpath 51 has an elongate cross-sec-
tional shape that is characterized with an elongate axis
53, which may be oriented transversely with respect to
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the liner flow 26, and a short axis 54, which is shorter
than and oriented transversely with respect to the elon-
gate axis 53. The elongate axis 53 may form an angle of
0 degrees or 90 degrees with a predominant travel direc-
tion of the liner flow 26 or, in accordance with further
embodiments, the elongate axis 53 may form an angle
between 0 and 90 degrees with the predominant travel
direction of the liner flow 26. The elongate cross-sectional
shape of the flowpath 51 may be an elliptical shape, a
rectangular shape, a super-elliptical shape or another
similar shape with possibly aerodynamic edges.
[0011] The fuel injector 30 is disposed such that an
inlet 510 of the flowpath 51 is proximate to the flow sleeve
22 and an outlet 511 is proximate to the liner 21 whereby
the first fluid 52 enters the flowpath 51 at the inlet 510
and flows toward the outlet 511 and then into the main
flow 24. The fuel injector 30 may further include a head
60 and a foot 70. The head 60 is connected to the member
40 proximate to the inlet 510 and may be supportively
coupled to the flow sleeve 22 or integrally formed with
the flow sleeve 22. The head 60 is formed to define a
plenum 61 therein, which is configured to store or to be
supplied with a supply of a second fluid 62, such as fuel
or late lean injection (LLI) fuel. The foot 70 is connected
to the member 40 proximate to the outlet 511 and may
be supportively coupled to the liner 21 or integrally formed
with the liner 21. In particular, the liner 21 may be formed
to define an aperture having a shape corresponding to a
shape of the foot 70 whereby the foot 70 is installed into
the aperture with little to no clearance. In accordance
with embodiments, the foot 70 may be dropped in and
welded to the liner 21 at the aperture and/or a seal may
be provided between the liner 21 and the foot 70.
[0012] The fuel injector 30 further includes an injection
system 80. The injection system 80 is disposed at or prox-
imate to the inlet 510 of the flowpath 51 and fluidly cou-
pled to the plenum 61. The injection system 80 is thereby
configured to inject the second fluid 62 from the plenum
61 and into the flowpath 51. This injection may occur at
least at first and second injection locations 81 and 82,
which are arrayed with respect to one another in a direc-
tion extending along the elongate axis 53. Upon injection,
the injected second fluid 62 is formed, due to a pressure
thereof and the influence of the first fluid 52, into jets at
the first and second locations 81 and 82. The first fluid
52 entrains these jets such that the injected second fluid
62 flows through the flowpath 51 toward the main flow
24 while mixing with the first fluid 52. The distance be-
tween the first and second locations 81 and 82 is suffi-
cient to prevent the jets from interfering with each other
and.
[0013] With reference to FIGS. 3 and 4, the short axis
54 is configured with a sufficient dimension such that the
jets remain spaced from an interior facing surface of the
sidewall 50 of the member 40. As shown, if the second
fluid 62 is injected into the flowpath 51 proximate to a
centerline of the inlet 510 (as illustrated in FIGS. 1 and
2), the jets have sufficient momentum to propagate to-

ward a side 512 or 513 of the flowpath 51 while being
entrained to flow toward the main flow 24 by the first fluid
52. The width of the short axis 54 is sufficient to prevent
the jets from reaching the sides 512 or 513 before reach-
ing the main flow 24. Similarly, if the second fluid 62 is
injected into the flowpath 51 proximate to a side 512 of
the flowpath 51 (as illustrated in FIG. 5), the jets have
sufficient momentum to propagate toward the opposite
side 513 while being entrained to flow toward the main
flow 24 by the first fluid 52. The width of the short axis
54 is again sufficient to prevent the jets from reaching
the opposite side 513 before reaching the main flow 24.
[0014] Thus, the first and second fluids 52 and 62 may
be injected into the main flow 24 at the axial location of
the fuel injector 30, which may be downstream from the
combustor of a gas turbine engine. In such a case, the
injection of the first and second fluids 52 and 62 forms a
secondary stage of combustion that will tend to increase
an energy of the main flow 24 and reduce emissions of
pollutants, such as oxides of nitrogen (NOx).
[0015] Referring to FIG. 5, the injection system 80 may
include a portion 83 at one or both of the forward and aft
sides of the sidewall 50. The portion 83 is formed to define
at least first and second through-holes 830 and 831 at
least at the first and second locations 81 and 82, respec-
tively, and in more or less numbers as shown in FIG. 5.
The second fluid 62 is injected into the flowpath 51 by
way of the first and second through-holes 830 and 831
and the size, pressure, reach and overall shape of the
jets formed thereby can be dictated by varying at least
the size and shape of the first and second through-holes
830 and 831. The first and second through-holes 830
and 831 may be defined on one or both opposite sides
512 and 513 of the flowpath 51. Where the first and sec-
ond through-holes 830 and 831 are defined on the op-
posite sides 512 and 513, they may be staggered at the
first and second locations 81 and 82, respectively, in or-
der to avoid interference.
[0016] With reference back to FIGS. 1 and 2, the in-
jection system 80 may include a blade 84, which is sup-
ported by the head 60, and which is formed to define a
blade interior 840. The blade interior 840 is fluidly com-
municative with the plenum 61. The blade 84 may be
further formed to define first and second injection-holes
841 and 842 at the first and second locations 81 and 82,
respectively. The second fluid 62 is injected into the flow-
path 51 by way of the first and second injection-holes
841 and 842 and the size, pressure, reach and overall
shape of the jets can be dictated by varying at least the
size and shape of the first and second injection-holes
841 and 842. As shown in FIG. 2, the first and second
injection-holes 841 and 842 may be defined on one or
both opposite sides of the blade 84 and the blade 84 may
have an airfoil shape. With reference to FIG. 6, the blade
84 may be formed as a blade matrix 90 including a central
blade 91 and one or more auxiliary blades 92 that are
oriented transversely with respect to the central blade 91.
[0017] With reference to FIGS. 7 and 8, an outer sur-
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face of the sidewall 50 of the member 40 may have a
shape, which is similar to or different from that of the
flowpath 51. That is, as shown in FIG. 7, the flowpath 51
may have a cross-sectional rectangular shape with
rounded corners and the outer surface of the sidewall 50
may also have a cross-sectional rectangular shape with
rounded corners. By contrast, as shown in FIG. 8, the
flowpath 51 may have a cross-sectional rectangular
shape with rounded corners whereas the outer surface
of the sidewall 50 may have, for example, a cross-sec-
tional airfoil shape. In either case, as shown in FIGS. 7
and 8, the member 40 may have an evolving shape along
a longitudinal axis thereof. That is, the member 40 may
be twisted, curved or variably shaped along the longitu-
dinal axis from the head 60 to the foot 70.
[0018] With reference to FIG. 9, the fuel injector 30
may be plural in number with the plural fuel injectors 30
arrayed circumferentially about the main flow 24. In this
case, the members 40 of each of the plural fuel injectors
30 may be substantially parallel with one another relative
to the main flow 24. That is, the members 40 of each of
the plural fuel injectors 30 may have an elongate axis 53
that is similarly angled with respect to the predominant
travel direction of the liner flow 26. In accordance with
alternate embodiments, however, it is to be understood
that one or more of the members 40 may be arrayed such
that the respective elongate axis 53 forms a different an-
gle with respect to the predominant travel direction of the
liner flow 26.
[0019] While the invention has been described in detail
in connection with only a limited number of embodiments,
it should be readily understood that the invention is not
limited to such disclosed embodiments. Rather, the in-
vention can be modified to incorporate any number of
variations, alterations, substitutions or equivalent ar-
rangements not heretofore described, but which are com-
mensurate with the spirit and scope of the invention. Ad-
ditionally, while various embodiments of the invention
have been described, it is to be understood that aspects
of the invention may include only some of the described
embodiments. Accordingly, the invention is not to be
seen as limited by the foregoing description, but is only
limited by the scope of the appended claims.

Claims

1. A fuel injector (30), comprising:

a member (40) defining a flowpath (51) through
which a first fluid (52) flows, the flowpath having
a cross-section with transverse elongate (53)
and short axes (54);
a head (60) defining a plenum (61) storing a sup-
ply of a second fluid (62); and
a system (80) fluidly coupled to the flowpath (51)
and the plenum (61) to inject the second fluid
(62) from the plenum (61) and into the flowpath

(51) at first (81) and second (82) locations along
the elongate axis (53),
the injected second fluid (62) being formed into
jets at the first (81) and second (82) locations,
the first fluid (52) entraining the jets such that
the injected second fluid (62) flows through the
flowpath (51) and mixes with the first fluid (52),
and the short axis (54) having a sufficient dimen-
sion such that the jets remain spaced from a
sidewall (50) of the member (40).

2. The fuel injector according to claim 1, wherein the
first fluid (52) comprises air and the second fluid (62)
comprises fuel.

3. The fuel injector according to claim 1 or 2, wherein
the system (80) comprises a portion (83) of the side-
wall (50) of the member (40) defining first and second
through-holes (830,831) at the first (81) and second
(82) locations, respectively, through which the sec-
ond fluid (62) is injected into the flowpath (51).

4. The fuel injector according to claim 3, wherein the
first and second through-holes (830,831) are defined
on one or both sides (512,513) of the flowpath (51).

5. The fuel injector according to any of claims 1 to 4,
wherein the system comprises a blade (84) support-
ed by the head (60), the blade defining:

a blade interior (840), which is fluidly communi-
cative with the plenum (61),
and
first and second injection-holes (841,842) at the
first and second locations, respectively, through
which the second fluid (62) is injected into the
flowpath (51).

6. The fuel injector according to claim 5, wherein the
first and second injection-holes (841,842) are de-
fined on one or both sides of the blade (840).

7. The fuel injector according to claim 5 or 6, wherein
at least one of the blade (84) or the outer surface of
the member has an airfoil shape.

8. The fuel injector according to any of claims 5 to 7,
wherein the blade (84) comprises a blade matrix (90)
including tranverse central (91) and auxiliary (92)
blades.

9. The fuel injector according to any preceding claim,
wherein an outer surface of the member (40) has a
shape similar to that of the flowpath.

10. The fuel injector according to claim 1, wherein the
member (40) has an evolving shape along a longi-
tudinal axis thereof.
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11. A portion of a gas turbine engine (10), comprising:

a vessel including a liner (21) defining an interior
(23) through which a main flow (24) travels and
a flow sleeve (22) disposed about the liner (21)
to define a space (25) through which a liner flow
(26) travels; and
the fuel injector (30), as recited in any of claims
1 to 10

12. The portion of the gas turbine engine according to
claim 11, further comprising a foot (70) of the mem-
ber (40), the head (60) being supportively coupled
to or integrally formed with the flow sleeve (22) and
the foot (70) being supportively coupled to or inte-
grally formed with the liner (21).

13. The portion of the gas turbine engine according to
claim 11 or 12, wherein the member is disposed in
the space at an angle of one of 0 degrees, 90 degrees
or between 0 and 90 degrees with respect to the liner
flow.

14. The portion of the gas turbine engine according to
claim 13, wherein the fuel injector (30) is plural in
number, the plural fuel injectors (30) being arrayed
circumferentially about the main flow (24).

15. The portion of the gas turbine engine according to
claim 14, wherein each member (40) of each of the
plural fuel injectors (30) is similarly angled with re-
spect to the liner flow (26).
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