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(54) Fuel injection assembly for a gas turbine
(57) A gas turbine comprises a combustion unit (8),
a flow sleeve (2) surrounding the combustion unit (8),
wherein the flow sleeve (2) is positioned radially outward
from the combustion unit (8). Further, the gas turbine
includes a fuel injection assembly which is integrated with
a flange means (4) which supports the combustion unit
(8). The fuel injection assembly is provided with a hollow

FIG 2

fuel supply casing having an outer wall (10). The fuel
injection assembly comprises a plurality of dispensing
tubes (12) coupled to the outer wall (10). The plurality of
dispensing tubes (12) is adapted to discharge fuel into
the annular cavity. The fuel injection assembly is dis-
posed in the annular cavity between the flow sleeve (2)
and a combustion unit (2) of the gas turbine.
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Description

[0001] This invention relates to a gas turbine compris-
ing a combustion unit, a flow sleeve surrounding the com-
bustion unit, wherein the flow sleeve is positioned radially
outward from the combustion unit. The gas turbine com-
prises a flange means for supporting the combustion unit
and a fuel injection assembly provided with a hollow fuel
supply casing having an outer wall.

[0002] In gas turbine engines, compressed air is dis-
charged from a compressor section and fuel introduced
from a source of fuel are mixed together and burned in
a combustion section. The mixture is directed through a
turbine section, where the mixture expands to provide
rotation of a turbine rotor. In some gas turbines, a flow
sleeve is provided to direct the compressed air to the
combustion section.

[0003] During the flow of the compressed air from the
compressor to the combustion section, fuel may be in-
jected at many points to facilitate premixing of air and
fuel. The premixing process provides a high degree of
flexibility during engine tuning and is an important com-
ponent for engine emissions and dynamics.

[0004] In the state of the art, the fuel injection is ar-
ranged around the flow sleeve of the gas turbine and
injects fuel, through holes on the inner periphery, into the
incoming compressed air. The arrangement is as shown
in the FIG 1, which illustrates an embodiment of the state
of the art. In FIG 1, the fuel injection 6 is attached to the
flow sleeve 2 of the gas turbine. The fuel injection 6 in-
cludes a plurality of holes 5 along in the inner periphery
of the fuel injection assembly 6. The fuel injection assem-
bly 6 injects fuel in a radially inward direction. FIG 1 also
illustrates the presence of a flange means 4 for support-
ing the combustion unit 8. The aforementioned arrange-
ment of the fuel injection assembly leads to wear and
tear of the fuel injection assembly due to mechanical vi-
brations at the position of the fuel injection assembly.
According to the aforementioned state of the art, the fuel
injection assembly is a hollow casing having circumfer-
ential holes 5 disposed around the flow sleeve 2, which
injects fuel in a radially inwardly direction (towards the
combustion unit8) into the stream of compressed air flow-
ing in a flow direction 3 within the flow sleeve. The fuel
is delivered into the air stream through an array of aper-
tures that are formed in the inner periphery of the fuel
supply casing. The compressed air which is pre mixed
with fuel passes through a perforated mesh into the com-
bustion section, where the fuel-air mixture is ignited. After
the combustion, the hot combustion gases flow along the
direction 7 within the combustion unit 8.

[0005] Common problems associated with prior artfuel
injection assembly assemblies include inadequate struc-
tural integrity. Inadequate structural integrity may lead to
fuel leakage and degradation of parts of the gas turbine,
thereby leading to decreased engine efficiency. The deg-
radation of the parts also leads to increased maintenance
costs and decreased revenue due to frequent shut-
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downs.

[0006] Therefore, itis an object of the invention to pro-
vide a gas turbine having adequate structural integrity to
prevent fuel leakage and achieving a required level of
unmixedness. The unmixedness is the extent of non-uni-
formity of fuel & air mixture at a particular plane in com-
bustion system.

[0007] The invention solves the object by integrating
the fuel injection assembly with the flange means. As the
fuel injection assembly no more connected to the flow
sleeve of the turbine, the effect of mechanical vibration
on the fuel injection assembly is reduce thereby increas-
ing the life of the fuel injection assembly.

[0008] According tothe invention, the gas turbine com-
prises a combustion unit, a flow sleeve surrounding the
combustion unit, wherein the flow sleeve is positioned
radially outward from the combustion unit. An annular
cavity extends between the flow sleeve and the combus-
tion unit. A fuel injection assembly is disposed circum-
ferentially surrounding the combustion unit.

[0009] The fuel injection assembly is provided with a
hollow fuel supply casing having an outer wall. A plurality
of dispensing tube is coupled to the outer wall. The plu-
rality of dispensing tube is adapted to communicate be-
tween the hollow fuel supply casing and a space between
the combustion unit and the flow sleeve. The plurality of
dispensing tubeinjects fuelin aradially outward direction.
[0010] In accordance with the invention, the fuel injec-
tion assembly is disposed circumferentially surrounding
the combustion unit of the gas turbine. The circumferen-
tial placement of the fuel injection assembly enables the
fuelinjection assembly to support the combustion unit 8,
thereby functioning as the flange means.

[0011] The advantage of thisembodiment of the inven-
tion is that the plurality of dispensing tube injects fuel into
the stream of compressed air passing through the pas-
sage. This improves the premixing the fuel with the com-
pressed air.

[0012] According to an aspect of the invention, the gas
turbine comprises a space between the flow sleeve and
the fuel injection assembly for directing the compressed
air. The fuel injection assembly is adapted to discharge
fuel into the compressed air passing through the annular
cavity.

[0013] In an embodiment of the invention, the gas tur-
bine comprises a fuel supply pipe for providing fuel to the
fuel injection assembly. The gas turbine further compris-
es atleast one valve for controlling a fuel input to the fuel
injection assembly. For example, the valve can be used
to control the amount of fuel delivered to the fuel injection
assembly.

[0014] In an advantageous embodiment of the inven-
tion, the plurality of dispensing tubes is detachable from
the cavities on the casing wall. This feature of the inven-
tion enables a user to change the fuel dispensing tube
based on a requirement.

[0015] In another advantageous embodiment, the
length of the plurality of dispensing tube is adjustable.



3 EP 2 949 999 A1 4

The length of the plurality of dispensing tube is adjusted
to control an unmixedness of a mixture of compressed
air and fuel. Further, the length of the plurality of fuel
dispensing tube is adjusted to split the fuel between main
and the pilot nozzles.

[0016] In an embodiment of the invention, an angle of
the plurality of dispensing tubes with respect to a surface
of the outer wall is also adjustable. The advantage of the
flexibility in the positioning of the dispensing tubes ena-
bles in maintaining a required level of unmixedness.
[0017] Thefiguresillustrate in a schematic manner fur-
ther examples of the embodiments of the invention, in
which:
FIG1 illustrates a gas turbine with a flow sleeve and
a fuel injection assembly in accordance with a
state of the art;

FIG 2 illustrates a perspective view of an exemplary
gas turbine with the flow sleeve and a fuel in-
jection assembly in accordance with the inven-
tion;

FIG 3 illustrates another perspective view of the fuel
injection assembly, without the flow sleeve, in
accordance with the invention.

FIG 4 illustrates a front view of the gas turbine with
the fuel injection assembly in accordance with
the invention;

FIG5 illustrates a top view of a cross-section of the
gas turbine with the fuel injection assembly in
accordance with the invention;

FIG 6 illustrates an exemplary welding scheme for af-
fixing the fuel injection assembly to the gas tur-
bine; and

FIG 7 illustrates a longitudinal cross-sectional view of
adispensing tube of the fuel injection assembly
in accordance with the invention; and

[0018] FIG 1 illustrates a gas turbine with a flow sleeve
and a fuel injection assembly in accordance with a state
of the art. In accordance with the state of the art, the gas
turbine comprises a flow sleeve 2, which directs a stream
of compressed air into the combustion unit 8. The flow
sleeve is an annular structure surrounding the combus-
tion unit. The flow sleeve is disposed at a radial distance
from the combustion unit 8, thereby forming an annular
cavity. A fuel injection assembly 6 is integrated with the
flow sleeve 2, which injects fuel into the stream of com-
pressed air flowing through the flow sleeve 2. The gas
turbine further includes a flange means 4 for supporting
the combustion unit 8. The aforementioned arrangement
of the fuel injection assembly 6 results in excessive wear
and tear of the fuel injection assembly due to mechanical
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vibrations.

[0019] FIG 2 illustrates a perspective view of a com-
bustion section of the gas turbine. In accordance with the
exemplary gas turbine combustion section shown in FIG
2, the gas turbine comprises a combustion unit 8, a flow
sleeve 2 surrounding the combustion unit, wherein the
flow sleeve 2 is disposed at a radial distance from the
combustion unit 8. As a result, an annular cavity extends
between the flow sleeve 2 and the combustion unit 8.
The gas turbine, as shown in FIG 2, comprises a fuel
injection assembly integrated with the flange ring 4
(shown in FIG 1), which circumferentially surrounds the
combustion unit 8. In other words, the fuel injection unit
also supports the combustion unit 8 within the flow sleeve
2. The fuel injection assembly also acts as flange means
4. The fuel injection assembly includes a hollow fuel sup-
ply casing having an outer wall 10. The outer wall 10
comprises a plurality of dispensing tube, wherein the plu-
rality of dispensing tube is adapted to dispense a fluid in
a radially outward direction. The fuel injection assembly
is disposed in an annular cavity between the flow sleeve
and a combustion unit of the gas turbine.

[0020] Further, the plurality of dispensing tube 12 is
adapted to communicate between the hollow fuel supply
casing and a space between the combustion unit 8 and
the flow sleeve 2. The dispensing tube 12 injects fuel into
a stream of compressed air flowing in a direction 3 into
the combustion unit 8. The stream of compressed airand
fuel mixture is directed, after being blocked by a cover
plate, into the combustion unit 8 through a perforated
mesh positioned towards a posterior end of the flow
sleeve 2. Thereafter, the air and fuel mixture is ignited in
the combustion unit 8.

[0021] Ina preferred embodiment, the fuel supply cas-
ing is circular in structure and surrounds the combustion
unit circumferentially. FIG 3 illustrates another perspec-
tive view of the fuel injection assembly, without the flow
sleeve, in accordance with the invention. FIG 3 shows
the upper surface 20 of the outer wall 10 of the fuel in-
jection assembly. In some embodiments, the fuel supply
casings may be having other polygonal structures like a
pentagon, hexagon, octagon and the like. In an exem-
plary embodiment, the fuel supply casing can have a
cross section such a circle, a square, a rectangle and the
like. Further the fuel supply casing has an outer wall 10.
In an exemplary embodiment, the outer casing may be
firmly attached to an inner strip of the same material to
constitute the fuel supply casing. Further, the outer wall
10 may accommodate one or more dispensing tubes
such as dispensing tube 12, for injecting fuel into the
annular cavity. In an exemplary embodiment, the outer
wall 10 includes a plurality of cavities along the circum-
ference to accommodate the dispensing tubes 12. In a
preferred embodiment, the fuel supply casing has 36 cav-
ities equally spaced from one another. The cavities have
a diameter in the range of 2-3 mm. The size of the holes
is adjusted based on a pressure drop observed in fuel
supply pipe in order to ensure adequate dispensing of
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the fuel. In another embodiment, the fuel supply casing
and the dispensing tubes may be casted as a single me-
tallic unit and fitted on to the combustion unit. Further,
the fuel supply casing is hollow and is adapted to supply
fuel to one or more dispensing tubes 12. A fuel supply
pipe (not shown in figures) of the gas turbine may be
connected to the fuel supply casing. The fuel supply pipe
may supply fuel to be dispensed in the stream of com-
pressed air flowing through the annular cavity.

[0022] FIG 4 illustrates a front view of the gas turbine
with the fuel injection assembly in accordance with the
invention. The fuel injection assembly circumferentially
surrounds the combustion unit, as illustrated in FIG 4.
The combustion unit includes a plurality of main burners
14 and a pilot burner 16. The outer wall 10 of the fuel
injection assembly is adapted to supply fuel to the plu-
rality of dispensing tube 12, which sprays the fuel into
the cavity between the combustion unit 8 and the flow
sleeve 2 (not shown in FIG 4). The compressed air,
premixed with fuel, is supplied to the main and pilot burn-
ers for facilitating the combustion.

[0023] FIG 5 illustrates a top view of a cross-section
of the gas turbine combustion system with the fuel injec-
tion assembly in accordance with the invention. FIG 5
clearly illustrates the annular cavity 18, inside the outer
wall 10 of the fuel injection assembly. In the preferred
embodiment, the cross section of the annular cavity is
rectangular. However, the annular cavity can have other
cross sections such as, circular, triangular and other pol-
ygons based on the requirement. In an exemplary em-
bodiment, the fuel supply casing is connected with a fuel
supply pipe for providing fuel to the fuel injection assem-
bly. The fuel is then delivered into the compressed air
passing through the flow sleeve 2, thereby premixing fuel
with compressed air.

[0024] FIG 6 illustrates a longitudinal cross-sectional
view of the fuel injection assembly in accordance with
the invention. In FIG 6, the outer casing wall 10 of the
fuel injection assembly includes the hollow cavity 18 in
order to provide fuel the dispensing tube 12. The dis-
pensing tube 12 has a tube like structure for dispensing
the fuel. The dispensing tube may be one or more of, but
is not limited to, jet nozzle and a spray nozzle. Further,
the dispensing tube may be one or more of, a cone noz-
zle, a bell nozzle and a spike nozzle. In an exemplary
embodiment of the invention, the angle of the dispensing
tubes with respect to the surface of the outer casing wall
may also be changed for achieving a desired unmixed-
ness of the fuel and compressed air.

[0025] In an exemplary embodiment of the invention,
dispensing tubes, such as dispensing tube 12, are de-
tachable from the outer casing 10 of the fuel injection
assembly. A user can select an appropriate length of the
dispensing tube for achieving a right measure of unmix-
edness of the fuel-air mixture. The unmixedness is the
extent of non-uniformity of fuel and air mixture at a par-
ticular location in the flow sleeve. The length of the dis-
pensing tube 12 may also be chosen such that the fuel

10

15

20

25

30

35

40

45

50

55

is dispensed in a region outside a recirculation zone. The
recirculation zone is a region where the there is an ac-
cumulation of air and fuel mixture. When the air and fuel
mixture in the recirculation zone starts flowing suddenly,
it results in a flashback. The flashback is reduced by cre-
ating Computer Aided analysis of the fluid motion within
the annular cavity where the fuel is injected.

[0026] In an exemplary embodiment of the invention,
the fuelinjection assembly is fixed to the gas turbine com-
bustion section by welding techniques. The welding tech-
niques may include, for example, laser welding and elec-
tron beam welding. FIG 7 illustrates an exemplary weld-
ing scheme for affixing the fuel injection assembly to the
gas turbine combustion section. In the welding scheme,
the weld joints, such as weld joints 17, are shifted away
from the combustion unit 8. Another weld joint coupling
the fuel supply pipe and the fuel supply casing is moved
away from the surface of the outer wall 10, towards a
cover plate 13. Moving the weld joints away from the
surface of the combustion unit reduces the mechanical
and thermal stress acting on the weld joints thereby in-
creasing the life of the weld joint. In an embodiment of
the invention, the components of the combustion section
of the gas turbine may be fabricated so as to enable the
joints to be welded as shown in FIG 7. Further, the direc-
tion of flow 21 indicates the direction of flow of com-
pressed air within the flow sleeve (not shown in the fig-
ure). Furthermore, direction of flow 23 indicates the di-
rection in which hot gases originating from the combus-
tion unit 8 is adapted to flow. The welding scheme dis-
closed herein reduces the thermal and mechanical
stresses acting on the weld joints which in turn increase
the life of the welded joints.

[0027] The arrangement of the fuel injection assembly
as disclosed hereinbefore, has improved resistance to-
wards mechanical vibrations and thermal stress. There-
fore, the fuel injection assembly has improved durability
and performance characteristics. Further, the positioning
of the fuel injection assembly is towards a cover plate of
the gas turbine, which renders the fuel injection assembly
less prone to cracks and mechanical stress. Further, the
fuelinjection assembly is flexible in construction and can
be adapted to deliver the fuel into a stream of compressed
air so as to maintain an optimum unmixedness.

[0028] Though the invention has been described here-
in with reference to specific embodiments, this descrip-
tion is not meant to be construed in a limiting sense. Var-
ious examples of the disclosed embodiments, as well as
alternate embodiments of the invention, will become ap-
parent to persons skilled in the art upon reference to the
description of the invention. It is therefore contemplated
that such modifications can be made without departing
from the embodiments of the invention as defined.

Claims

1. A gas turbine comprising:
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a combustion unit (8);

a flow sleeve (2) surrounding the combustion
unit (8),

wherein the flow sleeve (2) is positioned radially
outward from the combustion unit (8);

a flange means (4) supporting the combustion
unit (8);

a fuel injection assembly provided with a hollow
fuel supply casing having an outer wall (10),
characterized in that, the fuel injection assem-
bly is integrated with the flange means (2) .

The gas turbine according to claim 1 comprising, a
plurality of dispensing tube (12) which is adapted to
communicate with the hollow fuel supply casing and
a space between the combustion unit (8) and the
flow sleeve (2).

The gas turbine according to any one of the claims
1-2, wherein the fuel injection assembly is disposed
in between the flow sleeve (2) and the combustion
unit (8) of the gas turbine.

The gas turbine according to any one of the claims
1-3, wherein the fuel injection assembly is disposed
circumferentially surrounding the combustion unit (8)
of the gas turbine.

The gas turbine according to any one of the claims
1-4, wherein the flow sleeve (2) and the combustion
unit (8) define a space for directing compressed air.

The gas turbine according to any one of the claims
1-5, further comprising a fuel supply pipe configured
for providing fuel to the fuel injection assembly.

The gas turbine according to any one of the claims
1-6, further comprising at least one valve for control-
ling the operation of the fuel injection assembly.

The gas turbine according to claim 2, wherein the
plurality of dispensing tubes (12) is detachable.

The gas turbine according to claim 2 or 8, wherein
the plurality of dispensing tube (12)is adapted to
communicate with a compressed air passing through
the annular cavity.

The gas turbine according to any one of the claims
2, 8 and 9, wherein the length of the plurality of dis-
pensing tubes (12) is adjustable.

The gas turbine according to any one of the claims
2 and 8-10, wherein an angle of the plurality of dis-
pensing tubes (12) with respect to a surface of the
outer wall (10) is adjustable.
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