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(57) Abstract: The present invention relates to a fuel injector (100) for injecting tuel in a burner of a gas turbine. The fuel injector
(100) comprises a body (101) comprising an inner hole (102) and a valve element (103) which is slideably arranged inside the inner
hole (102). The body (101) comprises a fuel inlet (104) which is formed into the body (101) for injecting fuel into the inner hole
(102), wherein the fuel inlet (104) is coupleable to a fuel supply line. The body (101) further comprises a first outlet channel (105)
connected to the inner hole (102), wherein the first outlet channel (105) is further coupleable to a burner. The valve element (103)
comprises a first passage (I) which is formed such that in a first position of the valve element (103) inside the inner hole (102), the
first passage (I) connects the fuel inlet (104) with the first outlet channel (105) and in a second position of the valve element (103)
inside the inner hole (102), the valve element (103) seals the fuel inlet (104) from the first outlet channel (105).
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DESCRIPTION

VALVE FOR A FUEL INJECTOR

Field of invention

The present invention relates to a fuel injector for inject-
ing fuel in a burner of the gas turbine, to a gas turbine and
to a method of operating a fuel injector for injecting fuel

in a burner of the gas turbine.

Art Background

Gas turbines comprise several individual burners that may
interfere with each other during operation. The interaction
between the burners may prevent an efficient operation of the
turbine and may lead to an increased emission, in particular
to the increase of nitrogen oxides, an uneven flame

temperature, oscillations and so forth.

The burners in the gas turbine receive fluid from a
respective fuel injectors which usually includes an inlet and
several outlets. This may lead to pressure difference over a
length of the manifold and also at the position of the
burners. Additionally, differences may occur due to
tolerances introduced while manufacturing the fuel injectors

and burners to the gas turbine.

The differences are equalized by altering the size of
openings in the orifices. However, this adjustment or
modification needs to be performed regularly and is a time
consuming and expensive process. Furthermore, if the size of
the openings are too big, a flashback into the burner section
may occur due to increased flame temperature or an altered

fuel profile.
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Summary of the Invention

It may be an objective of the present invention to provide a
fuel injector for a burner of a gas turbine with a reduced
risk of a flashback, with an optimised emission control and

with a control of combustion dynamics.

This objective is solved by a fuel injector for injecting
fuel in a burner of the gas turbine, by a gas turbine and by
a method of operating a fuel injector for injecting fuel in a
burner of the gas turbine according to the independent

claims.

According to a first aspect of the present invention, a fuel
injector for injecting fuel in a burner of a gas turbine is
presented. The fuel injector comprises a body comprising an
inner hole and a valve element which is slideably arranged
inside the inner hole. The body comprises a fuel inlet which
is formed into the body for injecting fuel into the inner
hole, wherein the fuel inlet is coupleable to a fuel supply
line. The body further comprises a first outlet channel con-
nected to the inner hole, wherein the first outlet channel is
further coupleable to a burner. The valve element comprises a
first passage which is formed such that in a first position
of the valve element inside the inner hole, the first passage
connects the fuel inlet with the first outlet channel and in
a second position of the valve element inside the inner hole,
the valve element seals the fuel inlet from the first outlet

channel.

According to a further aspect of the present invention, a gas
turbine is presented. The gas turbine comprises a burner and
a fuel injector as described above which is coupled to the

burner for injecting fuel in the burner.

According to a further aspect of the present invention, a

method for operating a fuel injector as described above for
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injecting fuel in a burner of a gas turbine. The method com-
prises a sliding of the valve element in the first position
inside the inner hole such that the first passage connects
the fuel inlet with the first outlet channel and sliding the
valve element in a second position of the valve element in-
side the inner hole such that the valve element seals the

fuel inlet from the first outlet channel.

A turbine comprises in general a compressor section for com-
pressing air, a burner section for adding thermal energy to
the compressed air and a turbine section for transferring the

energy of the compressed air into mechanical energy.

The burner section may comprise one or a plurality of burners
in which a fuel/air mixture is burnt and added to the com-

pressed fluid. The burner section may comprise a plurality of
can—-type burners which are arranged one after another along a
circumferential direction of the gas turbine or one ring-type

burner which surrounds the gas turbine shaft, for example.

The fuel injector according to the present invention com-
prises a body with an inner hole and the respective wvalve
element, such as a valve spool or a valve piston. The wvalve
element is slidably along the sliding direction inside the
fuel inlet. The position of the valve element inside the in-
ner hole is controllable by the driving mechanism, for exam-—
ple by an actuator and a spindle element as described further
below. The driving mechanism is controlled for example by a
control unit which comprises the engine control unit (ECU),

for example.

The fuel injector functions as a fuel valve for injecting
fuel in the burner of the gas turbine. The fuel injector de-
scribes in the present application a device (i.e. a valve de-
vice) which is adapted and suitable for being connected to
the burner in order to inject (in the sense of “delivering”)
fuel to the mentioned burner. The fuel injector as described

in the present application may be connected to respective in-
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jector nozzles inside the burner. However, the fuel injector
may be arranged outside of the burner and may be connected to

respective injectors inside the burner by its outlet channel.

The valve element comprises for example a cylindrical shape
comprising a circular, elliptical or rectangular surface
area. The inner hole is formed with a respective cross-
section, i.e. the cross—-section of the inner hole is depend-

ent on the shape and profile of the valve element.

The valve element comprises the first passage. The first pas-
sage may form a through hole through the valve element. Fur-—
thermore, the first passage may form a groove which is formed
along the surface of the valve element. The first passage,
and the through hole or groove, respectively, 1s formed such
that in the first position the first passage connects the
fuel inlet with the first outlet channel. The first passage
generates a fluid connection and a fuel channel, respectively
between the fuel inlet and the first fuel outlet.

If the valve element is slid in the second position, the
valve element seals the fuel inlet from the first outlet
channel. For example, the valve element is formed such that
in the second position, the surface of the valve element
closes the fuel inlet and/or the first outlet channel. Addi-
tionally, the valve element may comprise a respective edge or
protrusion, respectively, which is formed such that the pro-
trusion or edge closes the fuel inlet and/or the first outlet

channel in the second position.

The first outlet channel is coupled to a burner of the gas
turbine. If a flashback into the burner section is detected,
hence, 1f fuel or a flame moves along an upstream direction
from the burner into the first outlet channel in the direc-
tion to the valve element, the valve element simply moves
along the sliding direction to the second position and a
fluid connection between the fluid inlet and the first outlet

channel 1is cut. Hence, turbulences and undesired pressure
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differences in the burner may as a consequence be regulated,
such that the valve element may be slid again in the first
position for re-establishing the fluid connection between the

fuel inlet and the first outlet channel.

Dependent to the desired load of the gas turbine and hence
the desired fuel profile within a respective burner, a re-
spective amount of fuel has to be provided. If the amount of
fuel varies with respect to a desired threshold value of
fuel, undesired turbulences and hence pressure differences
are caused. This may lead to a flashback of the flame into
the burner section which may cause for example carbonization

and a loss of efficiency.

According to a further exemplary embodiment of the present
invention, the body comprises a second outlet channel con-
nected to the inner hole, wherein the second outlet channel
is further coupleable to the burner or a further burner. The
valve element is slideable inside the inner hole along a
sliding direction, wherein the first outlet channel is spaced
apart from the second outlet channel along the sliding direc-

tion.

The second outlet channel may be connected to the fuel inlet
via the first passage or a second passage, as described be-

low. If the second outlet channel is coupled to the burner to
which the first outlet channel is already coupled, the wvalve
element may generate a fluid connection between the fuel in-

let and the respective outlet channel as described below.

According to a further exemplary embodiment of the present
invention, the first passage is formed such that

- in the first position of the valve element inside the
inner hole, the valve element seals the fuel inlet from the
second outlet channel and

- in the second position of the valve element inside the

inner hole, the first passage connects the fuel inlet with
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the second outlet channel and seals the fuel inlet from the

first outlet section.

Hence, for example a burner may be coupled to the first out-
let channel and a further burner may be coupled to the second
outlet channel, such that depending on the position of the
virus element inside the inner hole, either the burner of the
further burner is supplied with fuel from the fuel inlet. Al-
ternatively, the first outlet channel and the second outlet
channel may be coupled to a common burner. The first outlet
channel and the second outlet channel may comprise a diameter
(i.e. a hydraulic diameter) which differs with respect to
each other. Hence, through the first outlet channel a first
amount of fuel and through the second outlet channel and a
second amount of fuel may stream into the common burner.
Hence, in a first operating condition, the first amount of
fuel flowing through the first outlet channel is injected in-
to the burner end and a second operating condition, the se-
cond amount of fuel streams through the second outlet channel

into the common burner.

According to a further exemplary embodiment of the present
invention, the valve element comprises a second passage which
is spaced apart from the first passage along the sliding di-
rection. The second passage 1s formed such that

- in the second position of the valve element inside the
inner hole, the valve element seals the fuel inlet from the
first outlet channel and from the second outlet channel and

- in a third position of the valve element inside the in-
ner hole the second passage connects the fuel inlet with the
second outlet channel. In the third position, the valve ele-

ment may seal the first passage, for example.

The distance of the first passage and the second passage

along the sliding direction is defined in such a way that in
the first position, the fuel flows from the fuel inlet to the
first outlet channel via the first passage, in the second po-

sition, the valve element seals the fuel inlet from the first
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outlet channel and from the second outlet channel and in the
third position, the fuel flows from the fuel inlet to the se-
cond outlet channel via the second passage, wherein a fluid
flow between the fuel inlet and the first outlet channel is

prevented.

According to a further exemplary embodiment of the present
invention, the valve element comprises an inlet groove which
is formed such that the fluid inlet is connected to the first
passage and to the second passage. Hence, the inlet groove
may form an inlet volume or a recess in which the fuel or the
fuel/air mixture may be distributed before flowing through
the respective passages. Hence, a more homogeneous flow

through the respective passages 1is achievable.

According to a further exemplary embodiment of the present
invention, the second passage is formed such that

- in a fourth position of the valve element inside the in-
ner hole, the second passage connects the fuel inlet with the

first outlet channel and the second outlet channel.

Hence, in the fourth position, the maximum fuel flow is pro-
vided because both outlet channels are connected to the fuel
inlet. Hence, by the present invention, instead of one large
conventional outlet channel, a plurality of smaller sized
outlet channels, which comprises smaller diameters and hy-
draulic diameters, respectively, with respect to the conven-
tional outlet channel are formed without reducing the maximum
amount of fuel flow flowing into the burner. Hence, a flash-
back of the flame and the fuel, respectively, may be reduced
because of the smaller outlet channels according to the pre-

sent invention.

According to a further exemplary embodiment of the present
invention, the valve element comprises a first outlet groove
which is coupled to the first passage, wherein the first out-
let groove comprises a length along the sliding direction

which length is smaller than a distance between the first
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outlet channel and the second outlet channel along the slid-
ing direction such that in the first position of the valve
element the first outlet groove connects the first passage
with the first ocutlet channel and the fuel inlet is sealed

from the second outlet channel by the valve element.

In particular, if the first outlet groove 1is shorter than the
distance between the first outlet channel and the second out-
let channel, the position of the valve element is definable,
wherein only the first outlet groove forms a fluid connection
with the first outlet channel in the first position of the
valve element. Furthermore, the first outlet groove may com-
prise a tapering profile wherein a hydraulic diameter at an
interface to the first passage is smaller than a hydraulic
diameter at an interface to the first outlet channel. Hence,
the first outlet groove forms a diffusor such that the flow
characteristics of the fuel through the first passage and the

first outlet groove, respectively, may be improved.

According to a further exemplary embodiment of the present
invention, the valve element comprises a second outlet groove
which is coupled to the second passage and which extends
along the sliding direction. The second outlet groove com-—
prises a length along the sliding direction which length is
larger than a distance between the first outlet channel and
the second outlet channel along the sliding direction such
that in the fourth position of the valve element the second
outlet groove connects the second passage with the outlet

channel and the second outlet channel.

According to a further exemplary embodiment of the present
invention, the fuel injector comprises a driving mechanism
which is coupled to the valve element for driving the valve

element within the inner hole.

According to a further exemplary embodiment of the present
invention, the driving mechanism comprises an actuator and a

spindle element. The spindle element is coupled to the body



10

15

20

25

30

35

WO 2015/155007 PCT/EP2015/056410

and to the valve element such that a pivoting of the spindle
element generates a sliding motion of the valve element with-
in the inner hole. The actuator is coupled to the spindle el-
ement such that a torque is transferrable to the spindle ele-

ment by the actuator for pivoting the spindle element.

According to a further exemplary embodiment, the actuator is
arranged in a sealed chamber of the body. Between the sealed
chamber and the inner hole, a fluid connection is prevented.
Between the sealed chamber and inner hole, a separation wall
is arranged. The separation wall may comprise a through hole
which comprises a threat. The spindle may form a threat con-
nection with the through hole of the separation wall, such
that by pivoting the spindle element, the spindle element
slides along the sliding direction. At a free end of the
spindle, the valve element is fixed such that a sliding of
the spindle element causes a respective sliding of the wvalve
element along the sliding direction. At a further free end of
the spindle, which is arranged at an opposite direction with
respect to the above-mentioned free end, the actuator may be
coupled. Hence, by the threat connection between the through
hole of the separation wall and the spindle element, a seal-
ing between the in inner hole and the spindle chamber is

achieved.

The exemplary embodiments of the fuel injector described
above comprise a first passage and the second passage in the
valve element and the fuel inlet and a first and second out-
let channel in the body, respectively. However, the scope of
the present invention comprises also exemplary embodiments,
wherein the fuel injector comprises a body with more than two
further outlet channels and a valve element with more than
two passages which may be coupled to the respective outlet
channels if the valve element is located in a desired posi-
tion within the inner hole. Additionally, also more than one
fuel inlet maybe formed within the body of the fuel injector,
wherein the further fuel inlets are connected with respective

passages of the valve element.
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It has to be noted that embodiments of the invention have
been described with reference to different subject matters.
In particular, some embodiments have been described with ref-
erence to method type claims whereas other embodiments have
been described with reference to apparatus type claims. How-
ever, a person skilled in the art will gather from the above
and the following description that, unless other notified, in
addition to any combination of features belonging to one type
of subject matter alsoc any combination between features re-
lating to different subject matters, in particular between
features of the method type claims and features of the appa-
ratus type claims 1s considered as to be disclosed with this

document.

Brief Description of the Drawings

The aspects defined above and further aspects of the present
invention are apparent from the examples of embodiment to be
described hereinafter and are explained with reference to the
examples of embodiment. The invention will be described in
more detail hereinafter with reference to examples of embodi-

ment but to which the invention is not limited.

Fig. 1 shows a schematical view of a fuel injector accord-
ing to an exemplary embodiment of the present in-
vention, wherein a valve element is located in a

second position within an inner hole;

Fig. 2 shows a schematical view of a fuel injector accord-
ing to an exemplary embodiment of the present in-
vention, wherein a valve element is located in a

first position within an inner hole;

Fig. 3 shows a schematical view of a fuel injector accord-

ing to an exemplary embodiment of the present in-
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Fig.

4

vention, wherein a valve element is located in a

third position within an inner hole;

shows a schematical view of a fuel injector accord-
ing to an exemplary embodiment of the present in-
vention, wherein a valve element is located in a

forth position within an inner hole.
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Detailed Description

The illustration in the drawings is in schematic form. It is
noted that in different figures, similar or identical ele-

ments are provided with the same reference signs.

Fig. 1 to Fig. 4 show a schematical view of a fuel injector
100 according to an exemplary embodiment of the present in-
vention. The fuel injector 100 comprises a body 101 compris-
ing an inner hole 102 and a valve element 103 which is
slideably arranged inside the inner hole 102. The body 101
comprises a fuel inlet 104 which is formed into the body 101
for injecting fuel into the inner hole 102, wherein the fuel
inlet 104 is coupleable to a fuel supply line. The body 101
further comprises a first outlet channel 105 connected to the
inner hole 102, wherein the first outlet channel 105 is fur-
ther coupleable to a burner. The valve element 103 comprises
a first passage I which is formed such that in a first posi-
tion of the valve element 103 inside the inner hole 102, the
first passage I connects the fuel inlet 104 with the first
outlet channel 105 and in a second position of the valve ele-
ment 103 inside the inner hole 102, the valve element 103
seals the fuel inlet 104 from the first outlet channel 105.

The fuel injector 100 according to the present invention com-
prises a body 101 with an inner hole 102 and the respective
valve element 103, such as a valve spool or a valve piston.
The valve element 103 is slidably along the sliding direction
inside the fuel inlet 104. The position of the valve element
103 inside the inner hole 102 is controllable by a driving
mechanism, for example by an actuator 111 and a spindle ele-
ment 112 as described further below. The driving mechanism is
controlled for example by a control unit which comprises the

engine control unit (ECU), for example.

The valve element 103 comprises for example a cylindrical
shape comprising a circular, elliptical or rectangular sur-

face area. The inner hole 102 is formed with a respective
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cross—-section, i.e. the cross-section of the inner hole 102
is dependent on the shape and profile of the valve element
103.

The valve element 103 comprises a first passage I. The first
passage I may form a through hole through the valve element
103. Alternatively, the first passage I may form a groove
which is formed along the surface of the valve element. The
first passage I is formed such that in the first position (as
shown in Fig. 2) the first passage I connects the fuel inlet
104 with the first outlet channel 105.

If the valve element 103 is slid in the second position (as
shown in Fig. 1), the valve element 103 seals the fuel inlet
107 from the first outlet channel 105. For example, the valve
element 103 is formed such that in the second position, the
surface of the valve element 103 closes the fuel inlet 104
and/or first outlet channel 105. Additionally, the valve ele-
ment 103 may comprise a respective edge or protrusion 113,
respectively, which is formed such that the edge or protru-
sion 113 closes the fuel inlet 104 and/or the first outlet

channel 105 in the second position.

The first outlet channel 105 is coupled to a burner of the
gas turbine. If a flashback into the burner section is de-
tected, hence, i1f fuel or a flame moves along an upstream di-
rection into the burner, the valve element 103 simply moves
along the sliding direction 108 to the second position and a
fluid connection between the fluid inlet 105 and the first
outlet channel is cut. Hence, turbulences and undesired pres-
sure differences in the burner may as a consequence be regu-
lated, such that the valve element 103 may be slid again in
the first position (see Fig. 1) for re-establishing the fluid
connection between the fuel inlet 104 and the first outlet
channel 105.

The body 101 further comprises a second outlet channel 106

connected to the inner hole 102, wherein the second outlet
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channel 106 is further coupleable to the burner or a further
burner. The valve element 103 1is slideable inside the inner

hole 102 along the sliding direction 108, wherein the first

outlet channel 105 is spaced apart from the second outlet

channel 106 along the sliding direction 108.

The second outlet channel 106 connectable to the fuel inlet
104 via a second passage II. If the second outlet channel 106
is coupled to the burner to which the first outlet channel
105 is already coupled, the valve element 103 may generate a
fluid connection between the fuel inlet 101 and the respec-

tive outlet channel 105, 106 as described below.

The valve element 103 further comprises a second passage II
which is spaced apart from the first passage I along the
sliding direction 108. The second passage II is formed such
that in the second position (see Fig. 1) of the valve element
103 inside the inner hole 102, the valve element 103 seals
the fuel inlet 102 from the first outlet channel 105 and from
the second outlet channel 106 and in a third position (Fig.
3) of the valve element 103 inside the inner hole 102 the se-
cond passage II connects the fuel inlet 104 with the second
outlet channel II. In the third position, the valve element

seals the first passage I.

The distance of the first passage I and the second passage II
along the sliding direction 108 is defined in such a way that
in the first position I, the fuel flows from the fuel inlet
104 to the first outlet channel 105 via the first passage I
and in the second position, the valve element 103 seals the
fuel inlet 104 from the first outlet channel 105 and from the
second outlet channel 106 and in the third position, the fuel
flows from the fuel inlet 104 to the second outlet channel
106 via the second passage II, wherein a fluid flow between
the fuel inlet 104 and the first outlet channel 105 is pre-

vented.
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As shown in Fig. 1 to Fig. 4, the valve element comprises an
inlet groove 107 which is formed such that the fluid inlet
104 is connected to the first passage I and to the second
passage II. Hence, the inlet groove 107 may form an inlet
volume or a recess in which the fuel or the fuel/air mixture
may be distributed before flowing through the respective pas-
sages I, II. Hence, a more homogeneous flow through the re-

spective passages I, II is achievable.

Furthermore, the second passage II is formed such that in a
fourth position (see Fig. 4) of the valve element 103 inside
the inner hole 102, the second passage II connects the fuel
inlet 104 with the first outlet channel 105 and the second
outlet channel 106.

Hence, in the fourth position, the maximum fuel flow is pro-
vided because both outlet channels 105, 106 are connected to
the fuel inlet 104. Hence, by the present invention, instead
of one large conventional outlet channel, a plurality of
smaller sized outlet channels 105, 106, which comprise small-
er diameters and hydraulic diameters, respectively, with re-
spect to the conventional outlet channel are formed without
reducing the maximum amount of fuel flow flowing into the

burner.

Furthermore, the valve element comprises a first outlet
groove 109 which is coupled to the first passage I, wherein
the first outlet groove 109 comprises a length along the
sliding direction 108 which length is smaller than a distance
between the first outlet channel 105 and the second outlet
channel 106 along the sliding direction 108 such that in the
first position of the valve element the first outlet groove
109 connects the first passage I with the first outlet chan-
nel 105 and the fuel inlet 104 is sealed from the second out-
let channel 106 by the valve element 103.

In particular, if the first outlet groove 109 is shorter than

the distance between the first outlet channel 105 and the se-
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cond outlet channel 106, the position of the valve element
103 is definable, wherein only the first outlet groove 109
forms a fluid connection with the first outlet channel 105 in

the first position of the valve element 103.

The valve element 103 comprises a second outlet groove 110
which is coupled to the second passage II and which extends
along the sliding direction 108. The second outlet groove 110
comprises a length along the sliding direction 108 which
length is larger than a distance between the first outlet
channel 105 and the second outlet channel 106 along the slid-
ing direction 108 such that in the fourth position of the
valve element 103 the second outlet groove 110 connects the
second passage II with the first outlet channel 105 and the

second outlet channel 106.

Besides the fourth position as shown in Fig. 4, by the second
outlet groove 110 as described above, also a fuel split ratio
between the fuel flowing through the first and second outlet
channel 105, 106 may be adjusted. For example, the second
outlet groove 110 is formed such that if the valve element
103 is slid in a fifth position (e.g. the valve element 103
is slid more to the left side in comparison to the position
shown in Fig. 4), the second outlet groove 110 still fully
covers the second outlet channel 106 and the protrusion 113”7

only partially covers the first outlet channel 105.

Accordingly, the second outlet groove 110 is formed such that
if the valve element 103 is slid in a sixth position (e.g.
the valve element 103 is slid more to the right side in com-
parison to the position shown in Fig. 4), the second outlet
groove 110 fully covers the first outlet channel 105 and the
protrusion/edge 11377 partially covers the second outlet
channel 106.

Hence, by the exemplary embodiment described above in Fig. 1
to Fig. 4, a predefined fuel ratio between a mass flow of

fuel through the first ocutlet channel 105 and a mass flow of
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fuel through the second outlet channel 106 is controllable.
For example, the first outlet channel 105 is coupled to a
main burner section of a burner for injecting the main fuel
and the second outlet channel 106 is coupled to a pilot burn-
er section of the burner for injecting the pilot fuel. Hence,
by the fuel injector 100 according to the present invention,

a main fuel/pilot fuel split is adjustable in an easy manner.

The fuel injector comprises a driving mechanism which is cou-
pled to the valve element 103 for driving the valve element
within the inner hole 102. The driving mechanism comprises an
actuator 111 and a spindle element 112. The spindle element
112 is coupled to the body 101 and to the valve element 103
such that a pivoting of the spindle element 112 generates a
sliding motion of the valve element 103 within the inner hole
102. The actuator 111 is coupled to the spindle element 112
such that a torque is transferrable to the spindle element

112 by the actuator 111 for pivoting the spindle element 111.

The actuator 111 is arranged in a sealed chamber 114 of the
body 101. Between the sealed chamber 114 and the inner hole
102, a fluid connection is prevented. Between the sealed
chamber 114 and the inner hole 102, a separation wall 115 is
arranged. The separation wall 115 comprises a through hole
which comprises a threat. The spindle element 112 forms a
threat connection with the through hole of the separation
wall 115, such that by pivoting the spindle element 112, the
spindle element 112 slides along the sliding direction 108.
At a free end of the spindle element 112, the valve element
103 is fixed such that a sliding of the spindle element 112
causes a respective sliding of the valve element 103 along
the sliding direction 108. At a further free end of the spin-
dle element 112, which is arranged at an opposite direction
with respect to the above mentioned free end, the actuator
111 is coupled. Hence, by the threat connection between the
through hole of the separation wall 115 and the spindle ele-
ment 112, a sealing between the in inner hole 101 and the

sealing chamber 114 is achieved.
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It should be noted that the term “comprising” does not ex-
clude other elements or steps and “a” or “an” does not ex-—
clude a plurality. Also elements described in association
with different embodiments may be combined. It should also be
noted that reference signs in the claims should not be con-

strued as limiting the scope of the claims.
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Claims

1. Fuel injector (100) for injecting fuel in a burner of a
gas turbine, the fuel injector (100) comprising

a body (101) comprising an inner hole (102),

a valve element (103) which is slideably arranged inside
the inner hole (102),
wherein the body (101) comprises a fuel inlet (104) which is
formed into the body (101) for injecting fuel into the inner
hole (102),
wherein the fuel inlet (104) is coupleable to a fuel supply
line,
wherein the body (101) comprises a first outlet channel (105)
connected to the inner hole (102),
wherein the first outlet channel (105) is further coupleable
to a burner,
wherein the valve element (103) comprises a first passage (I)
which is formed such that

in a first position of the valve element (103) inside
the inner hole (102), the first passage (I) connects the fuel
inlet (104) with the first outlet channel (105), and

in a second position of the valve element (103) inside
the inner hole (102), the valve element (103) seals the fuel
inlet (104) from the first outlet channel (105),
wherein the body (101) comprises a second outlet channel
(106) connected to the inner hole (102),
wherein the second outlet channel (106) is further coupleable
to the burner or a further burner,
wherein the valve element (103) is slideable inside the inner
hole (102) along a sliding direction (108),
wherein the first outlet channel (105) is spaced apart from
the second outlet channel (106) along the sliding direction
(108),
wherein the valve element (103) comprises a second passage
(IT) which is spaced apart from the first passage (I) along
the sliding direction (108),

wherein the second passage (II) is formed such that
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in the second position of the valve element (103) inside
the inner hole (102), the valve element (103) seals the fuel
inlet (104) from the first outlet channel (105) and from the
second outlet channel (106), and

in a third position of the valve element (103) inside
the inner hole (102) the second passage (II) connects the
fuel inlet (104) with the second outlet channel (106), where-
in a fluid flow between the fuel inlet (104) and the first
outlet channel (105) is prevented, and
wherein the valve element (103) comprises an inlet groove
(107) which is formed such that the fluid inlet 1is connected
to the first passage (I) and to the second passage (II).

2. Fuel injector (100) according to claim 1,
wherein the second passage (II) is formed such that

in a fourth position of the valve element (103) inside
the inner hole (102), the second passage (II) connects the
fuel inlet (104) with the first outlet channel (105) and the

second outlet channel (106).

3. Fuel injector (100) according to claim 2,

wherein the valve element (103) comprises a first outlet
groove (109) which is coupled to the first passage (I),
wherein the first outlet groove (109) comprises a length
along the sliding direction (108) which length is smaller
than a distance between the first outlet channel (105) and
the second outlet channel (106) along the sliding direction
(108) such that in the first position of the valve element
(103) the first outlet groove (109) connects the first pas-
sage (I) with the first outlet channel (105) and the fuel in-
let (104) is sealed from the second outlet channel (106) by
the valve element (103).

4, Fuel injector (100) according to one of the claims 1 to
3,

wherein the valve element (103) comprises a second outlet
groove (110) which is coupled to the second passage (II) and

which extends along the sliding direction (108), and
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wherein the second outlet groove (110) comprises a length
along the sliding direction (108) which length is larger than
a distance between the first outlet channel (105) and the se-
cond outlet channel (106) along the sliding direction (108)
such that in the fourth position of the valve element (103)
the second outlet groove (110) connects the second passage
(IT) with the outlet channel and the second ocutlet channel
(106) .

5. Fuel injector (100) according to one of the claims 1 to
4, further comprising

a driving mechanism which is coupled to the valve ele-
ment (103) for driving the valve element (103) within the in-
ner hole (102).

6. Fuel injector (100) according to claim 5,

wherein the driving mechanism comprises an actuator (111) and
a spindle element (112),

wherein the spindle element (112) is coupled to the body
(101) and to the valve element (103) such that a pivoting of
the spindle element (112) generates a sliding motion of the
valve element (103) within the inner hole (102),

wherein the actuator (111) is coupled to the spindle element
(112) such that a torque is transferrable to the spindle ele-
ment (112) by the actuator (111) for pivoting the spindle el-
ement (112).

7. Gas turbine, comprising

a burner, and

a fuel injector according to one of the claims 1 to 6
which is coupled to the burner for injecting fuel in the

burner.

3. Method for operating a fuel injector (100) for injecting
fuel in a burner of a gas turbine, wherein the gas injector
comprises a body (101) comprising an inner hole (102) and a
valve element (103) which is slideably arranged inside the
inner hole (102),
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wherein the body (101) comprises a fuel inlet (104) which is
formed into the body (101) for injecting fuel into the inner
hole (102),
wherein the fuel inlet (104) is coupleable to a fuel supply
line,
wherein the body (101) comprises a first outlet channel (105)
connected to the inner hole (102),
wherein the first outlet channel (105) is further coupleable
to a burner,
wherein the valve element (103) comprises a first passage (I)
the method comprising

sliding the valve element (103) in a first position in-
side the inner hole (102) such that the first passage (I)
connects the fuel inlet (104) with the first outlet channel
(105), and

sliding the valve element (103) in a second position of
the valve element (103) inside the inner hole (102) such that
the valve element (103) seals the fuel inlet (104) from the
first outlet channel (105),
wherein the body (101) comprises a second outlet channel
(106) connected to the inner hole (102),
wherein the second outlet channel (106) is further coupleable
to the burner or a further burner,
wherein the valve element (103) is slideable inside the inner
hole (102) along a sliding direction (108),
wherein the first outlet channel (105) is spaced apart from
the second outlet channel (106) along the sliding direction
(108),
wherein the valve element (103) comprises a second passage
(IT) which is spaced apart from the first passage (I) along
the sliding direction (108),
wherein the second passage (II) is formed such that

in the second position of the valve element (103) inside
the inner hole (102), the valve element (103) seals the fuel
inlet (104) from the first outlet channel (105) and from the
second outlet channel (106), and

in a third position of the valve element (103) inside

the inner hole (102) the second passage (II) connects the
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fuel inlet (104) with the second outlet channel (106), where-
in a fluid flow between the fuel inlet and the first outlet
channel 1is prevented, and

wherein the valve element (103) comprises an inlet groove
(107) which is formed such that the fluid inlet 1is connected
to the first passage (I) and to the second passage (II).



WO 2015/155007

PCT/EP2015/056410

1/2
FIG 1 10\(1
101 1
( S
N3 i o
112 11137102
Py
1 T T 1
111’&/ ggageiLu :i i1_ i i
{ ’Il—k/ j
A T o
114/ 115 1107113 109 .
A “
r
//\) I
106
FIG2 100
1114
1(05
L)
/( I




WO 2015/155007 PCT/EP2015/056410

2/2

FIG3 10

/ \
112/ 1137107 ';'.1/113102
£ / 2 :':{{/
] L

1 1 1/¥/ qudugagud i u i
LT
VAT AT Y 08 10
114"/ 115 110 113 109 ya
)
106
FIG 4 100
101 1
{ ST
L 113
112/ 108 113 ’
X ) g (Iﬂ
< .‘ T :‘;:’
YA AT 105
114"/ 115 1107 A= {113 109 va
'-/(:'°r'




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2015/056410

A. CLASSIFICATION OF SUBJECT MATTER

INV. F23K5/14 FO2C7/232 F16K11/07
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

F23K F02C F16K

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y DE 29 14 828 Al (HEILMEIER & WEINLEIN) 1-8
16 October 1980 (1980-10-16)

figure 1

page 6, paragraph 6

page 7, paragraph 3 - page 8, paragraph 3

Y FR 2 214 362 A5 (DBA) 1-8

9 August 1974 (1974-08-09)

page 1, line 18 - page 2, line 13; figure

1

Y US 4 385 639 A (HOLBOROW PETER A) 2-4

31 May 1983 (1983-05-31)

column 5, line 16 - Tline 19; figure 8

_/__

Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents : . . . . L
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance

"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other

. e "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified)

considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

8 September 2015 24/09/2015

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, .
Fax: (+31-70) 340-3016 Mougey, Maurice

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2015/056410

C(Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y

EP 2 497 923 A2 (ROLLS ROYCE GOODRICH
ENGINE CONTROL SYSTEMS LTD [GB])

12 September 2012 (2012-09-12)
paragraphs [0001], [0007], [0013],
[0016], [0023], [0027], [0028],
[0033], [0034]; figures 1,5

EP 2 063 087 A2 (GOODRICH CONTROL SYS LTD
[GB]) 27 May 2009 (2009-05-27)
paragraphs [0001], [0014], [0017],
[0020]; figures 1,2

EP 2 469 057 Al (ROLLS ROYCE GOODRICH
ENGINE CONTROL SYSTEMS LTD [GB] ROLLS
ROYCE ENGIN) 27 June 2012 (2012-06-27)
paragraphs [0001], [0017], [0027];
figures 1,3

US 3 857 241 A (LEWIS G)

31 December 1974 (1974-12-31)

figures 7-9

column 1, line 4 - line 26

column 7, line 51 - Tline 60

column 8, line 7 - line 14

5-7

1,5-8

1,7,8

1,5,7,8

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2015/056410
Patent document Publication Patent family Publication

cited in search report date member(s) date

DE 2914828 Al 16-10-1980 DE 2904034 Al 07-08-1980
DE 2914828 Al 16-10-1980

FR 2214362 A5 09-08-1974  NONE

US 4385639 A 31-05-1983  NONE

EP 2497923 A2 12-09-2012  EP 2497923 A2 12-09-2012
US 2012227842 Al 13-09-2012

EP 2063087 A2 27-05-2009  EP 2063087 A2 27-05-2009
US 2009126802 Al 21-05-2009

EP 2469057 Al 27-06-2012  EP 2469057 Al 27-06-2012
US 2012159953 Al 28-06-2012

US 3857241 A 31-12-1974 DE 2316952 Al 10-01-1974
FR 2189644 Al 25-01-1974
GB 1423363 A 04-02-1976
IT 982970 B 21-10-1974
JP S53444 B2 09-01-1978
JP S4935718 A 02-04-1974
us 3857241 A 31-12-1974

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - wo-search-report
	Page 28 - wo-search-report
	Page 29 - wo-search-report

