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(57) Abrégée/Abstract:
Provided Is a fuel injection device (1) equipped with a pilot fuel injection valve (3) and a ring-shaped main fuel injection valve (5) that
girdles the outer circumference of the pilot fuel injection valve, wherein: the fuel injection device comprises a fuel injection unit (13)
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(57) Abrege(suite)/Abstract(continued):
that injects fuel iInto a combustion chamber, a fuel supply unit (15) that supplies fuel to the fuel injection unit (13), a fuel introduction

unit (9) that Is attached to a combustor housing and introduces fuel into the fuel supply unit (15), and an injection valve housing
(21) that covers the front section of the pilot fuel injection valve and of the main fuel injection valve; the base section of the fuel
supply unit (15) Is supported by the fuel introduction unit (9); and a ring-shaped main body section (15b) Is supported by a support
pin (25) so as to be capable of moving In the radial direction relative to the injection valve housing (21).
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ABSTRACT OF THE DISCLOSURE

Provided is a fuel injection device (1) equipped with a pilot fuel injection
valve (3) and a ring-shaped main fuel injection valve (5) that girdles the outer
circumference of the pilot fuel injection valve, wherein: the fuel injection device
comprises a fuel injection unit (13) that injects fuel into a combustion chamber, a fuel
supply unit (15) that supplies fuel to the fuel injection unit (13), a fuel introduction unit (9)

that is attached to a combustor housing and introduces fuel into the fuel supply unit (15),

and an injection valve housing (21) that covers the front section of the pilot fuel injection
valve and of the main fuel injection valve; the base section of the fuel supply unit (15) 1s
supported by the fuel introduction unit (9); and a ring-shaped main body section (15b) 1s

supported by a support pin (25) so as to be capable of moving in the radial direction

relative to the injection valve housing (21).
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FUEL INJECTION DEVICE

CROSS REFERENCE TO THE RELATED APPLICATION

This application 1s based on and claims Convention priority to Japanese
patent application No. 2014-166125, tiled August 18, 2014, the entire disclosure of which
1S herein incorporated by reference as a part of this application.
BACKGROUND OF THE INVENTION

(Field of the Invention)

The present invention relates to a fuel injection device for use in, for example,
a combustor of a gas turbine engine and, more particularly, to the fuel injection device
equipped with a complex fuel injection device comprised of a plurality of fuel injectors.
(Description of Related Art)

In recent years, in consideration of the environment, there 1s a need for a
reduction of emissions such as NOx (nitrogen oxide) emitted from gas turbine engines.
A fuel mjection device of the conventional aircraft gas turbine combustor is of a diffusive
combustion type, and since n the diffusion combustion, the burning reaction takes place
based on the stoichiometric mixture ratio, the flame temperature tends to increase.
Considering that the emission of NOXx 1s known to exponentially increase with the increase
of the flame temperature, lowering of the flame temperature appears to eflectively
suppress the emission of NOx. However, 1n the current situation of the propensity for
high temperature and high pressure in the gas turbine engine, further suppression of the

emission of NOx with the conventional diffusive combustion method 1s limited.

In order to lower the tlame temperature, a fuel injection device of a lean
combustion method 1s considered effective.  The lean combustion method 1s known to be
a method of burning an air-fuel mixture in which the ratio of fuel relative to air 1s lowered,

and the lean combustion according to this method contributes to a considerable reduction
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of the flame temperature as compared with that afforded by the conventional dittusive

combustion method. On the other hand, however, the lean combustion method tends to
result in an instable and incomplete combustion because of the relatively low flame
temperature.  In view of this, a concentric-type fuel iniection device i which a pilot fuel
injector is disposed on an inner side and a main fuel injector 1s disposed on an outer side so
as to be concentric with the pilot fuel injector i1s used (see, for example, Patent Document
1). This concentric-type fuel injection device realizes a low NOx emission by mainly
causing the main fuel injector to perform lean combustion while causing the pilot fuel
Injector to maintain stable combustion by a diffusion combustion method during a high
power operation, and by causing the pilot fuel injector to stabilize a tlame by diffusion
combustion during a low power operation.

|Related Document]

| Patent Document]

[Patent Document 1]  JP Laid-open Patent Publication No. 2012-251741

SUMMARY OF THE INVENTION

However, in the concentric-type fuel ijection device, both of the main fuel
injector and the pilot fuel injector are put into operation during the high power operation,
but only the pilot fuel injector is put into operation and the main fuel injector 1s not used
during the low power operation. For this reason, coking of fuel remaining n a fuel pipe
of the main fuel injector sometimes occurs due to heat of high-temperature air flowing
around the fuel injector during the low power operation in which no fuel flows in the main
fuel injector. In order to prevent such coking in the fuel pipe, it is effective to cover the
main fuel injector with a heat-shielding housing. In this case, however, there 1s a
possibility of occurrence of stress resulting from a thermal expansion difference between

the main fuel injector, which has a relatively low temperature, and the heat-shielding

housing, which 1s exposed to a high temperature.
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An object of the present invention is to provide a highly reliable fuel injection
device 1in which a fuel mjector can be supported with certainty while effectively preventing
coking in a main fuel injector in order to solve the above problems.

In order to attain the above object, a fuel injection device according to the
present invention 1s a fuel mjection device for a combustor of a gas turbine, including: a
pilot fuel mjector disposed at a radially center position; a main fuel injector having an
annular shape and disposed so as to encircle an outer periphery of the pilot fuel injector; a
fuel njection portion configured to inject a fuel to a combustion chainber; a fuel supply
unit configured to supply a fuel to the fuel mjection portion; a fuel introduction portion
secured to a combustor housing that has the combustion chamber theremn and configured
to mtroduce a fuel into the fuel supply unit; and an injector housing that is supported by
the tuel mtroduction portion and covers front portions of the pilot fuel injector and the
main fuel injector. The fuel supply unit has a base supported by the fuel introduction
portion, and the fuel supply unit has an annular main body supported by the injector
housing via a support pin so as to be radially movable relative to the injector housing.

According to this configuration, the fuel supply unit, which is maintained at a
relatively low temperature, 1s supported by the mjector housing, which 1s exposed to a
high-temperature air, so as to be movable relative to the injector housing in a radial
direction. This relative movement 1n the radial direction absorbs a thermal expansion
difference between the injector housing and the fuel supply unit. In the concentric-type
fuel mjection device, it is therefore possible to support fuel injector with certainty while
ctiectively preventing coking in the main fuel injector due to a heat-shielding effect of the
injector housing. Furthermore, the structure can be made simple because pin coupling
using the support pins 1s employed.

In one embodiment of the present invention, a plurality of the support pins

may be radially inserted into an outer periphery of the main body of the fuel supply unit
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such that the support pins are fixed to the outer periphery of the main body of the fuel

supply unit, and the support pins may be inserted through a plurality ot through-holes that
are formed in the injector housing so as to be opened radially and to be arranged in a
circumferential direction, so that the main body of the fuel supply unit 1s supported by the
injector housing. According to this configuration, a thermal expansion difference
between the injector housing and the fuel supply unit can be absorbed with a simple
support structure.

In one embodiment of the present invention, the main body of the fuel supply
unit may be provided with a plurality of arms, each arm extending circumterentially and
having a distal end portion with the support pin radially inserted thereinto such that the
support pin is fixed to the distal end portion, and the support pins may be joined to the
Injector housing so that the main body of the fuel supply unit is supported by the mnjector
housing. According to this configuration, a thermal expansion difference between the
injector housing and the fuel supply unit can be absorbed with a simple structure using the
support pins. Furthermore, since the support pins can be fixed to both of the injector
housing and the fuel supply unit, it is possible to prevent occurrence of tretting resulting
from relative movement between the support pins and the injector housing or between the
support pins and the fuel supply unit. This further increases reliability of the fuel

injection device.

In one embodiment of the present invention, the support pins may be screwed
radially into respective screw holes formed in the fuel supply unit. According to this
configuration, the support pins can be fixed to the fuel supply unit with certainty with a
simple structure.

Any combination of at least two constructions, disclosed in the appended
claims and/or the specification and/or the accompanying drawings should be construed as

included within the scope of the present invention. In particular, any combination of two
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or more of the appended claims should be equally construed as included within the scope

of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

In any event, the present invention will become more clearly understood trom
the following description of embodiments thereof, when taken in conjunction with the
accompanying drawings. However, the embodiments and the drawings are given only
for the purpose of 1llustration and explanation, and are not to be taken as limiting the scope
of the present invention in any way whatsoever, which scope 1s to be determined by the
appended claims. In the accompanying drawings, like reference numerals are used to
denote like parts throughout the several views, and:

Fig. 1 1s a cross-sectional view schematically showing a combustor including
a fuel injection device according to a first embodiment of the present invention;

Fig. 2 1s a cross-sectional view showing the fuel injection device according to
the first embodiment of the present invention;

Fig. 3 is an exploded perspective view showing a portion of the fuel injection

device shown in Fig. 2;

Fig. 4 1s a perspective view showing a fuel supply unit used in the fuel

Injection device shown 1n Fig. 2;
Fig. 5 1s a perspective view showing a fuel supply unit used 1n a tuel injection
device according to a second embodiment of the present invention; and

Fig. 6 is a schematic view for explaining a specific form of an arm of the

combustion device shown in Fig. 3.

DESCRIPTION OF EMBODIMENTS

Embodiments of the present invention will be described below with reference

to the drawings. Fig. 1 1illustrates a combustor B including a fuel mjection device 1

according to a first embodiment of the present invention. The fuel injection device 1 1s

S Pan
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used in a combustor of a gas turbine engine to mix a fuel with a compressed air CA

supplied from a compressor of the gas turbine engine so that the mixture 1s combusted 1n a
combustion chamber E of the combustor B and to supply high-temperature and
high-pressure combustion gas generated by the combustion to a turbine so that the turbine
1s driven. The combustor B according to the present embodiment 1s a so-called annular
type combustor, and a plurality of fuel mjection devices 1 are disposed on an annular top
portion of the combustor B at regular intervals so as to be concentric with an engine
rotation axis (not shown). Hereinafter, the combustion chamber E side 1n a direction ot
an axis C of the fuel injection device 1 is referred to as a rear side, and a side opposite to
the rear side is referred to as a front side. The expressions "rear” and "tront" added to
names of constituent elements in the embodiments are used in the same meaning.

As shown in Fig. 2, the fuel injection device 1 is of a concentric-type fuel
injection device, which includes a pilot fuel injector 3 disposed on the axis C of the tuel
injection device 1 and a main fuel injector 5 provided so as to encircle an outer periphery
of the pilot fuel injector 3 and be concentric with the axis C of the pilot fuel injector 3. A
fuel for diffusion combustion injected from the pilot fuel mjector 3 1s mixed with an air
delivered through a pilot swirler SW1 and is then supplied to the combustion chamber E
of the combustor. Meanwhile, a fuel for lean combustion injected from the main tuel
injector S is mixed with an air introduced from a main swirler SW2 and 1s then supplied as

a lean mixture gas to the combustion chamber E.

Each fuel injection device 1 1s supported by a housing H of the combustor at a
stem portion 11 that forms a fuel introduction portion 9.  The fuel introduction portion 9
includes a first fuel introducing system F1 for introducing fuel for diffusion combustion to

be supplied to the pilot fuel injector 3 and a second fuel mtroducing system F2 tor

introducing fuel for lean premix combustion to be supplied to the main fuel injector 3.
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The fuel myection device 1 includes a fuel mnjection portion 13 that mjects a
fuel into the combustion chamber E and a fuel supply unit 15 that supplies a fuel to the
fuel injection portion 13.  The fuel supply unit 15 includes a base 15a that 1s coupled with
the fuel introduction portion 9, a main body 15b shown m Fig. 3 that supplies a tuel for the
pilot fuel injector 3 and supplies a tuel for the main fuel mjector 5, and a pilot fuel supply
section 15¢ that 1s provided at a radially center position and supplies the fuel from the
main body 15b to the pilot fuel injector 3.  The main body 15b has an annular shape and
includes therein an annular fuel supply passage.

As shown 1n Fig. 2, the fuel mjection portion 13 includes a pilot nozzle 17 that
ejects a fuel from the pilot fuel myector 3 into the combustion chamber E, and a main
nozzle 19 that 1s provided on a radially outer side of the pilot nozzle 17 and mixes fuel
from the main fuel mjector 5 with an air and ejects the mixture into the combustion
chamber E. Each of the pilot nozzle 17 and the main nozzle 19 is shaped such that a
diameter thereof gradually increases toward the combustion chamber E.

A front portion of the fuel injection device 1, more specifically, a front portion
of the annular main body 15b of the fuel supply unit 15 1s covered with an injector housing
21 of a substantially annular shape. The mjector housing 21 1s supported by the fuel
introduction portion 9.  The injector housing 21 shields the fuel supply unit 15 from heat
of a high-temperature air flowing around the fuel supply unit 15.

The base 15a of the fuel supply unit 15 1s supported by the fuel introduction
portion 9. The annular main body 15b of the fuel supply unit 15 1s supported by the
injector housing 21 so as to be movable 1n a radial direction relative to the injector housing
21. These support structures will be described 1n detail below. In the following
description, the term "radial direction” refers to a radial direction of the injector housing 21

(and of members that are concentric with the inmjector housing 21) unless otherwise

specified.
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As shown 1n Fig. 4, the injector housing 21 includes a peripheral wall formed
with a plurality of through-holes 27 m the form ot round holes opened in the radial
direction and arranged in a circumferential direction. By inserting a plurality of support
pins 25 through respective through-holes 27 and then inserting the support pins 25 into the
main body 15b of the tuel supply unit 15 1n the radial direction so that the support pins 23
are fixed to the maimn body 15b, the main body 15b of the fuel supply unit 15 1s supported
by the mjector housing 21 via the support pins 25. In other words, in the present
embodiment, the plurality of the support pins 25 are inserted into the outer periphery of the
main body 15b of the fuel supply unit 15 1n the radial direction so that the support pins 25
are fixed to the outer periphery of the main body 15b, and the support pins 25 are inserted
through the radially-opened through-holes 27 that are arranged n the injector housing 21
in the circumferential direction. Thus, the main body 15b of the fuel supply unit 15 1s
supported by the mjector housing 21.

The main body 15b of the fuel supply unit 15 has a plurality of support
projection pieces 29 that protrude towards the front side and are provided at regular
intervals in the circumferential direction.  Each of the support projection pieces 29 has a
screw hole 31 that 1s opened in the radial direction.  The support pins 25 are screwed into
respective screw holes 31 1n the support projection pieces 29 of the fuel supply unit 15 1n
the radial direction and are thus fixed to the fuel supply unit 15 so as not to be movable
relative to the fuel supply unit 15.  As shown in the partially enlarged view encircled by
the circle in Fig. 2, each of the support pins 25 1s in the form of a cylindrical pin having a
threaded outer periphery. A slight gap exists in a radial direction of the through-holes 27
between each of the support pins 25 and the peripherél wall of each of the through-holes
27 of the myjector housing 21.  Each of the support pins 25 has, at a top portion thereof, a

rectangular bore 33, into which a tool 1s to be mserted. By employing such a support
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structure, sliding movement in the radial direction i1s allowed between the through-holes
27 of the mjector housing 21 and the support pins 25.

According to the fuel mjection device 1 of the present embodiment, the fuel
supply unit 15, which 1s maintained at a relatively low temperature due to the fuel flowing
therein, 1s supported by the injector housing 21 so as to be movable relative to the jector
housing 21, which 1s exposed to a high-temperature air.  This relative movement in the
radial direction absorbs a thermal expansion difterence between the injector housing 21
and the tuel supply unit 15. In this way, 1t 1s possible to support the fuel injector with
certainty while efiectively preventing coking of fuel in the main fuel injector 5 due to the
heat-shielding effect of the injector housing 21 in the concentric-type fuel injection device
1. In particular, 1t 1s possible to absorb a thermal expansion difference between the
injector housing 21 and the fuel supply unit 15 by employing a simple support structure
using the support pins 23.

Next, a second embodiment of the present invention shown in Fig. 5 will be
described. The fuel mjection device 1 according to the second embodiument 1s the same
as that of the first embodiment in that the annular main body 15b of the fuel supply unit 15
1s supported by the mjector housing 21 so as to be movable relative to the injector housing
21 1n a radial direction, but is different from that of the first embodiment in terms of a
specific support structure.  In the following description, aspects of the second
embodiment that are different from the first embodiment are mainly described, and
description of aspects that are the same as the first embodiment is omitted.

In the present embodiment, the main body 15b of the fuel supply unit 15 1s
provided with a plurality of arms 41 each extending in a circumferential direction. Each

arm 41 has a distal end portion with the support pin 25 is inserted thereinto such that the

support pin 1s tixed to the distal end portion. The support pins 25 are joined to the
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injector housing 21, so that the main body 15b of the fuel supply unit 15 1s supported by
the mjector housing 21.

Specifically, each of the arms 41 includes an arm proximal end portion 41a
that protrudes towards the front side from the main body 15b of the fuel supply unit 15, an
arm body 41b extending from the arm proximal end portion 4 1a along the circumferential
direction of the main body 15b, and an arm distal end portion 41c¢ provided at a distal end
of the arm body 41b. Each arm distal end portion 41c¢ has a screw hole 43 opened in the
radial direction. The main body 15b of the fuel supply unit 15 1s supported by the
injector housing 21 by inserting the support pins 25 into respective distal end parts 41¢ of
the arms 41 in the radial direction (by screwing the support pins 23 into respective screw
holes 43 1n this example) as shown 1n Fig. 6 and then nserting the support pins 25 into pin
holes 45 of the njector housing 21 to thereby join the support pins 25 to the injector
housing 21. Fig. 6 shows a cross section of only a part around the arm distal end portion
41c. In the present embodiment, the support pins 25 are joined to the injector housing 21
by welding. By employing such a support structure, the fuel supply unit 15 and the
injector housing 21 are made movable relative to each other 1n the radial direction due to
detlection of the arms 41.

The length of each of the arms 41, 1.e., an opened angle 0 at a center O of the
main body of the fuel supply unit 15 from a center of the arm proximal end portion 41a in
the circumierential direction to a center of the screw hole 43 of the arm distal end portion

41c¢ (see Fig. 6) may be set as appropriate, and may be specifically in a range from 72° to
120° to absorb a thermal expansion difference between the mjector housing 21 and the

fuel supply unit 15 with certainty. The number of arms 41 1s not limited to 5 in the

example shown 1n Fig. 5 and may be set as appropriate. Fig. 6 illustrates only a

representative one of the plurality of arms 41.
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According to the fuel injection device according to the present embodiment,

the fuel supply unit 15 1s supported by the mjector housing 21 so as to be movable relative
to the injector housing 21 n the radial direction due to deflection of the arms 41.  This
makes 1t possible to absorb a thermal expanston difference between the injector housing
21 and the fuel supply unit 15 as in the first embodiment.  Furthermore, since the support
pins 25 are coupled with both of the mjector housing 21 and the fuel supply unit 15 so as
not to be movable relative to the imjector housing 21 and the fuel supply unit 15,
occurrence of fretting between the support pins 25 and the injector housing 21 or between
the support pins 25 and the fuel supply unit 15 1s prevented. This further increases
reliability of the fuel mjection device 1. Furthermore, 1t 1s easy to set an optimum
support structure according to the specitication of the fuel injection device 1 by adjusting
the number of arms 41 and the length of the arms 41. Furthermore, 1t 1s possible to
prevent the fuel supply unit 15 from resonating with a frequency of combustion oscillation
or other mechanical oscillation by changing the length of one or more of the arms 41 of
the fuel supply unit 15.

Although the present invention has been fully described in connection with
the embodiments thereof with reference to the accompanying drawings which are used
only for the purpose of illustration, those skilled in the art will readily conceive numerous
changes and modifications within the framework of obviousness upon the reading of the
specification herein presented of the present mvention.  Accordingly, such changes and
modifications are, unless they depart from the scope of the present invention as delivered
from the claims annexed hereto, to be construed as included therein.
| Reference Numerals]

1 ---- Fuel injection device

3 ---- Pilot fuel injector

Y -+ Main fuel injector

11>~
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9 ---+ Fuel introduction portion

13 ---- Fuel injection portion

15 ---- Fuel supply unit

15a ---- Base of Fuel supply unit

15b ---- Main body of Fuel supply unit

21 ---- Injector housing

25 -+ Support pin

41 ---- Arm

41c¢ ---- Distal end portion of Fuel supply unit
E ---- Combustion chamber

H ---- Combustor housing

~<12>-
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What 1s claimed 1s:
1. A fuel mnjection device for a combustor of a gas turbine, the fuel injection
device comprising:

a pilot tuel injector disposed at a radially center position;

a main fuel injector having an annular shape and disposed so as to encircle an
outer periphery of the pilot fuel 1njector;

a fuel injection portion configured to inject a fuel into a combustion chamber;

a fuel supply unit configured to supply a fuel to the fuel injection portion;

a fuel introduction portion secured to a combustor housing that has the
combustion chamber therein and configured to introduce a fuel into the fuel supply
unit; and

an 1njector housing that i1s supported by the fuel introduction portion and
covers front portions of the pilot fuel injector and the main fuel injector,

wherein the fuel supply unit has a base supported by the fuel introduction
portion, and

the fuel supply unit has an annular main body supported by the injector
housing via a support pin so as to be radially movable relative to the injector
housing.

2. The fuel injection device as claimed 1n claim 1, wherein

a plurality of the support pins are radially inserted into an outer periphery of

the main body of the fuel supply unit such that the support pins are fixed to the outer

periphery of the main body of the fuel supply unit, and
the support pins are inserted through a plurality of through-holes that are

formed 1n the injector housing so as to be opened radially and to be arranged in a
circumferential direction, so that the main body of the fuel supply unit 1s supported

by the injector housing.

13>~
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3. The fuel injection device as claimed in claim 1, wherein

the main body of the fuel supply unit is provided with a plurality of arms, each
arm extending circumferentially and having a distal end portion with the support pin
radially inserted thereinto such that the support pin is fixed to the distal end portion,
and

the support pins are joined to the injector housing so that the main body of the
fuel supply unit is supported by the injector housing.
1+, The fuel injection device as claimed in claim 2 or 3, wherein the support

pins are screwed radially into respective screw holes formed in the fuel supply umit.

—<14>-
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