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Description
TECHNICAL FIELD

[0001] The presentinvention relates to gas turbine en-
gines, and more particularly relates to a combustor liner
for improving combustion performance.

BACKGROUND

[0002] In an effort to reduce the amount of pollutant
emissions from gas-powered turbines, governmental
agencies have enacted numerous regulations requiring
reductions in the amount of oxides of nitrogen (NOx) and
carbon monoxide (CO). Lower combustion emissions
can often be attributed to a more efficient combustion
process, with specific regard to fuel injector location and
mixing effectiveness.

[0003] Early combustion systems utilized diffusion
type nozzles, where fuel is mixed with air external to the
fuel nozzle by diffusion, proximate the flame zone. Diffu-
siontype nozzles have been known to produce high emis-
sions due to the fact that the fuel and air burn stoichio-
metrically at high temperature to maintain adequate com-
bustor stability and low combustion dynamics.

[0004] An enhancement in combustion technology is
the utilization of premixing, such that the fuel and air mix
prior to combustion to form a homogeneous mixture that
burns at a lower temperature than a diffusion type flame
and produces lower NOx emissions. Premixing fuel and
air together before combustion allows for the fuel and air
to form a more homogeneous mixture, which for a given
combustor exit temperature will burn at lower peak emis-
sions temperatures, resulting in lower emissions. Exam-
ple of such a gas turbine flamesheet combustion system
with reduced emissions and improved flame stability at
multiple load conditions is disclosed in US patent appli-
cation US2004/0211186A1

[0005] While the combustors of the prior art have im-
proved emissions levels and ability to operate at reduced
load settings, thermoacoustics of the flamesheet com-
bustors could still lead to instability modes (such as pul-
sation), which could restrict the operation window. Addi-
tionally, aerodynamics of the burner can lead to flame
attachmentin the mixing zone under certain circumstanc-
es, causing flashback and overheating risk. Furthermore,
current fuel staging strategies could cause asymmetrical
heat load on the combustor liner, which could lead to
creep problems.

[0006] Finally, measure which help against pulsation,
as for example the staging of 1/3-2/3 groups in the main
fuel supply can lead to asymmetrical liner heat loading,
as well as to non-uniformities in the combustor exit tem-
perature profile. The invention described below is intend-
ed to widen the operation window beyond the currently
available range,

without sacrificing the low emission values.

[0007] What is intended is a system that can provide
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further flame stability and low emissions benefits while
also reducing thermoacoustic instabilities which can en-
large the operation window available of the current com-
bustor designs.

SUMMARY OF THE INVENTION

[0008] Itis one objectof the presentinvention to modify
the flamesheet combustor to obtain improved thermoa-
coustics characteristics, reduced flashback, better flame
holding and increased operation window through aero-
dynamics and advanced fuel staging measures.

[0009] The above and other objects of the invention
are achieved by a combustor liner for a gas turbine, the
combustor liner having substantially cylindrical shape
and comprising a first section and a second section
wherein the first section is upstream of the second section
with respect to the hot gas flow during operation, char-
acterized in that the first section is ring shaped and com-
prises arounded lip section and a trailing section, wherein
an inner radius (R1) of the trailing section is increasing
along a centerline of the liner in the direction of the hot
gas flow during operation. According to one embodiment,
the radius (R1) of the trailing section is increasing mo-
notonically along the centerline of the combustion liner.
[0010] According to another embodiment, the length
in the axial direction of the first section is in the range
from 20 percent to 80 percent of the total length in the
axial direction of the liner.

[0011] According to yet another embodiment, an angle
(o) between the trailing section and an outer surface of
the combustion liner is in the range of 5 to 15 degrees.

[0012] According to another embodiment, a radius of
outer surface of the combustion liner is substantially con-
stant.

[0013] According to yet another embodiment, a radius
(R2) of the second part is substantially constant along
the centerline of the liner.

[0014] According to another embodiment, the first sec-
tion of the combustor liner is substantially hollow. An ad-
ditional volume can be used for placement of at leastone
damper (preferably Helmholtz damper) and/or a means
for a liquid fuel injection.

[0015] Apart from the combustor liner, the present ap-
plication also relates to a combustor comprising the liner
described above and a combustion zone delimited by the
combustion liner. In a first embodiment, the combustor
comprises a substantially cylindrical flow sleeve, wherein
the combustion liner is located at least partially within the
flow sleeve thereby forming a first passage between the
flow sleeve and the combustion liner; a dome located
forward of the flow sleeve and encompassing at least
partially a first section of the combustion liner, the dome
having a substantially rounded head end thereby forming
aturning passage between the rounded lip section of the
first section of combustion liner and the dome ; and at
least one pilot channel comprising a means for supplying
apilot fuel and afirst swirling device. The turning passage
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can for example have a cross section shaped like half
annulus. The turning passage extends from the first pas-
sage into combustion zone and guides cooling air leaving
the first passage around the upstream end of the first
section of combustion liner into the combustion zone of
the combustor.

[0016] According to another embodiment of the com-
bustor, the first passage and/or the turning passage com-
prise a fuel injection means and a second swirling device.
Preferably, the first swirling device and/or the second
swirling device are axial or radial swirlers.

[0017] The present application also provides for a gas
turbine comprising the combustor described above.
[0018] In addition, the present application also pro-
vides for a method for operating the gas turbine combus-
tor. The method comprises: supplying a first flow of air
into the pilot channel ;supplying a first stream of fuel into
the pilot channel to mix with the first flow of air , and feed-
ing the resulting first mixture into the combustion zone
for providing pilot flame; supplying a second flow of air
into the first passage ;supplying a second stream of fuel
into the first passage or second passage to mix with the
second flow of air , and feeding the resulting second mix-
ture into the combustion zone for providing a main flame;
wherein the first mixture and second mixture are guided
along the inner wall of the liner and form a central recir-
culation zone in the center of the combustion zone.
[0019] Additional advantages and features of the
present invention will be set forth in part in a description
which follows, and in part will become apparent to those
skilled in the art upon examination of the following, or
may be learned from practice of the invention. The instant
invention will now be described with particular reference
to the accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS

[0020] Preferred embodiments of the invention are de-
scribed in the following with reference to the drawings,
which are for the purpose of illustrating the present pre-
ferred embodiments of the invention and not for the pur-
pose of limiting the same. In the drawings,

Figure 1 shows a cross section view of a gas turbine
combustion system of the prior art.

Figure 2 shows a cross section view of a gas turbine
combustion system of the prior art schematically in-
dicating recirculation zones.

Figure 3a shows a cross section view of a combus-
tion liner in accordance with an embodiment of the
present invention.

Figure 3b shows a cross section view of a combus-
tion liner in accordance with an alternate embodi-
ment of the present invention.

Figure 3c shows a cross section view of a combus-
tion liner in accordance with another alternate em-
bodiment of the present invention.

Figure 3d shows a cross section view of a combus-
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tion liner in accordance with yet another alternate
embodiment of the present invention.

Figure 4 shows a cross section view of a combustor
in accordance with an embodiment of the present
invention.

Figure 5 shows a cross section view of a combustor
in accordance with an alternate embodiment of the
present invention.

Figure 6 shows a cross section view of a combustor
in accordance with another embodiment of the
present invention.

Figure 7 shows a cross section view of a combustor
in accordance with yet another embodiment of the
present invention.

DETAILED DESCRIPTION OF THE DRAWINGS

[0021] Anexample of a premixing flamesheet combus-
tor 100 for a gas turbine of the prior art is shown in Fig.
1. The combustion system 100 includes a flow sleeve
102 containing a combustion liner 104.The combustion
liner 104 has a constant radius along the centreline AA’
of the combustor 100. A fuel injector 106 is secured to a
casing 108 with the casing 108 encapsulating a radial
mixer 110. Secured to the forward portion of the casing
108 are a cover 112 and pilot nozzle assembly 114. The
combustor 100 is a type of reverse flow premixing com-
bustor

[0022] Fig.2 shows cross section of a central portion
of a flamesheet combustor 100 during an operation. The
fuel is provided to the combustor 100 via fuel injection
nozzles 106 (main fuel) and 114 (pilot fuel). The air is
mixed with pilot fuel and main fuel respectively. Theradial
mixer 110 provides swirled air to the fuel-air mixture to
improve flame stabilization. Use of the mixer 110 stabi-
lizes the combustion process by developing a reverse
flow inside the combustor 100.The reverse flow returns
free radicals and heat upstream to the unburnt air-fuel
mixture. In this way, two separate recirculation zones, a
central recirculation zone 210 and an outer recirculation
zone 220 are created as shown in Fig. 2. The flame is
anchored in the central recirculation zone 210 at ignition
and part-load conditions with the help of pilot fuel. At high-
er loads, the flame is transferred to outer recirculation
zone 220 by increasing supply of main fuel.

[0023] Utilization of two competing recirculation zones
(central 210, and outer 220) could lead to instability prob-
lems, especially when both pilot and main are compara-
ble in equivalence ratios. Transition from pilot-stabilized
flame to main-stabilized flame requires a carefully de-
fined procedure to avoid high pulsations.

[0024] To overcome above mentioned problems, a
combustion liner design is proposed according to the in-
vention. Fig. 3a shows a cross section view of a combus-
tion liner 300 for a gas turbine in accordance with an
embodiment of the present invention. The combustor lin-
er 300 has substantially cylindrical shape and comprises
a first section 310 and a second section 320 wherein the
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first section is upstream of the second section with re-
spect to the hot gas flow during operation. The first sec-
tion 310 is ring shaped and comprises a rounded lip sec-
tion 330 and a trailing section 340. An inner radius (R1)
of the trailing section 340 is increasing along a centerline
350 of the liner 300 in the direction of the hot gas flow
during operation.In one embodiment of the present in-
vention, the radius (R1) of the trailing section 340 is in-
creasing monotonically along the centerline 350 of the
liner 300. This means, for example, that the trailing sec-
tion 340 can have atleast one flat region with the constant
radius (R1).

[0025] The length, in axial direction, of the first section
310 in respect to the total length, in axial direction, of the
liner 300 can vary. In one preferred embodiment, the
length of the first section 310 is in the range from 20
percent to 80 percent of the total length of the liner 300.
As shown in Fig. 3a, there is an angle (o) between an
outer surface 360 of the combustion liner 300 and the
trailing section 340. The angle (o) can vary. In one pre-
ferred embodiment the angle (o) is in the range of 5 to
15 degrees.

[0026] In one preferred embodiment of the invention,
the radius of the outer surface 360 of the combustion
liner 300 is substantially constant along the centerline
350 of the liner 300. This means that the outer radius of
the section 310 and the section 320 are substantially
equal. In another embodiment according to the invention,
a radius (R2) of the second section 320 is substantially
constant along the centerline 350 of the liner 300. In ad-
dition, the radius (R1) and radius (R2) are equal at least
at a point of connection between the first section 310 and
the second section 320.

[0027] Fig 3b shows another embodiment of the com-
bustor liner 300 according to the invention. Contrary from
the first embodiment (Fig. 3a), where the trailing section
radius (R1) is increasing smoothly towards second sec-
tion, in this embodiment there is a sharp step-like in-
crease in the radius (R1) of the trailing section 340. In
one embodiment the step occurs after the radius (R1)
already increased for at least 10 percent. Combustion
liners from the prior art (such as shown in Fig.1) have
substantially cylindrical shape with constant radius along
liner’s centreline.

[0028] Normally, they are made of thin metal sheets.
Due to the low thickness of the walls, such liners have
no possibilities to incorporate additional devices in the
liner structures. One of the features of the combustor
liners according to the invention is that the first section
310 of combustion liner 300 is substantially hollow, while
the second section 320 is made of thin material, normally
of sheet metal. The additional space inside the first sec-
tion 310 can be advantageous comparing to liners from
the prior art. In one embodiment according to the inven-
tion, this additional space inside the first section 310 can
be used for placing a damper device. Fig. 3c shows the
combustor liner 300 wherein the first section 310 com-
prises a Helmholtz damper 370. In general, Helmholtz
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damper is designed according to an individually deter-
mined or predetermined damping requirement against
the thermoacoustic oscillation frequencies occurring in
the combustion chamber. The Helmholtz damper 370
comprises a damper volume, a neck 371 and a cooling
channel 372.

[0029] In another embodiment according to the inven-
tion, shown in Fig. 3d, the space inside the first section
310 is used to incorporate the means for liquid fuel injec-
tion 380. The one example of such a means for liquid
fuel injection is fuel nozzles.

[0030] The combustor liner 300 according to the
present invention can be incorporated in a combustion
system of a gas turbine. Fig. 4 shows a combustor 400
for a gas turbine according to the invention, comprising
the combustor liner 300 and a combustion zone 401 de-
limited by the combustion liner 300. In one embodiment
of the present invention, the combustor comprises a sub-
stantially cylindrical flow sleeve 410, wherein the com-
bustion liner 300 is located at least partially within the
flow sleeve 410. The flow sleeve 410 and the combustion
liner 300 form a first passage 420. The combustor 400
further comprises a dome 425 located forward of the flow
sleeve and encompassing at least partially a first section
310 of the combustion liner 300. The dome 425 has a
substantially round head 430 thereby forming a turning
passage 440 between the rounded lip section 330 of the
first section 310 of combustion liner and the dome 425.
In addition, the combustor comprises at least one pilot
channel 455 comprising a means for supplying a pilot
fuel 460 and a first swirling device 495. In one embodi-
ment, the first passage 420 further comprises a main fuel
injection means 450 and a second swirling device 490.
In one embodiment, the combustor 400 comprises a bluff
body 402 to stabilize a flame inside the combustion zone
401. The bluff body 402 could contain additional fuel noz-
Zles.

[0031] Duringthe operation of the combustion systems
from prior art, outer and central recirculation zones are
created (as shown in Fig.2). As shown in Fig.4, during
the operation of the combustor 400, according to the in-
vention, only the centralrecirculation zone 405 is created.
The outer recirculation zone is not present due to the
design of the combustor liner 300 according to the inven-
tion. Elimination of outer recirculation zone removes the
problems of bi-stable flame. Flame is stabilized through
the central recirculation zone. There is neither competi-
tion nor transfer from one zone to another.

[0032] The alternate embodiments of the combustion
liner presented in Fig 3b, 3c, and 3d can also be incor-
porated in the combustor 400 according to invention.
[0033] Fig. 5shows the combustor 400 comprising the
combustor liner 300 with the Helmholtz damper 370. This
embodiment offers additional acoustic damping possibil-
ities for the combustor 400.

[0034] Fig. 6 shows the combustor liner 400 compris-
ing the means for liquid fuel injection 380. This embodi-
ment offers additional liquid fuel supply possibilities for
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the combustor 400.

[0035] Fig. 7 shows another embodiment of the com-
bustor according to the invention. In this embodiment, a
radial staging means 710 are positioned in the turning
passage 440, preferably downstream of the dome 425.
In this configuration, the fuel injection and mixing can be
separated in at least two radial stages. The radial staging
means 710 comprises at least one and preferably two
separated parts, an inner part and an outer part. Inner
part comprises an inner main swirler 712 while the outer
part comprises an outer swirler 711.The swirlers 711 and
712 are supplied with fuel from a fuel injector 721, which
is preferably positioned downstream the turning passage
440. This staging configuration can prevent flame attach-
ment problems completely and enable smooth loading
of the combustor by increasing the fuel radially from in-
side to outside gradually.

[0036] The present invention also provides a method
for operating the gas turbine combustor 400 according
to the invention. The method comprises the steps: sup-
plying a first flow of air 480 into the pilot channel 455;sup-
plying a first stream of fuel into the pilot channel 455 to
mix with the first flow of air 480, and feeding the resulting
first mixture into the combustion zone 401 for providing
pilot flame; supplying a second flow of air 470 into the
first passage 420;supplying a second stream of fuel into
the first passage 420 or turning passage 440 to mix with
the second flow of air 470, and feeding the resulting sec-
ond mixture into the combustion zone 401 for providing
a main flame; wherein the first mixture and second mix-
ture are guided along the inner wall of the liner and form
a central recirculation zone 405 in the center of the com-
bustion zone 401. The first flow of air 480 and the second
flow of air 470 are normally supplied from a compressor
plenum (not shown).

[0037] The main advantages of the present invention
are improved stability due to single recirculation zone,
thus elimination of competition between inner and outer
recirculation zones and loading the combustor without
any flame transfer from inside to outside. The flame is
always anchored in the centre as the fuel added to outer
layers as increased load.

[0038] Additional advantages of the present applica-
tion, in addition to improved stability, are: reduced heat
load to liner at partload due to cooler outer streams (liner
loading is high only at peak loads);uniform heat load to
liner, preventing creep and deformation; more uniform
combustor exit temperature distribution; creation of ad-
ditional volume for acoustic damping and dual-fuel injec-
tion(liquid fuel); elimination of flame-holding and flash-
back risk by moving the main premix injection down-
stream of bend.

[0039] It should be apparent that the foregoing relates
only to the preferred embodiments of the present appli-
cation and that numerous changes and modifications
may be made herein by one of ordinary skill in the art
without departing from the general spirit and scope of the
invention as defined by the following claims.
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List of designations
[0040]

100 Combustor

102 Flow sleeve

104 Combustion liner

106 Fuel injection nozzles

108 Casing

110 Radial mixer

112 Cover

114 Fuel injection nozzles

210 Central recirculation zone
220 Outer recirculation zone
300 Combustion liner

310 First section of the combustion liner 300
320 Second section of the combustion liner 300
330 Rounded lip section of 310
340 Trailing section of 310

350 Centerline of the combustion liner 300
360 Outer surface of the liner 300
370 Helmholtz damper

371 Neck of 370

372 Cooling channel of 370
380 Liquid fuel injection means
400 Combustor

401 Combustion zone

402 Bluff body

405 Central recirculation zone
410 Flow sleeve

420 First passage

425 Dome

430 Head end of 425

440 Turning passage

450 Fuel injection means

455 Pilot channel

460 Pilot fuel

470 Second flow of air

480 First flow of air

490 Second swirling device
495 First swirling device

710 Radial staging means

711 Outer main swirler

712 Inner main swirler

721 Main fuel injection

R1 Inner radius of 340

R2 Inner radius of 320

o angle between 340 and 360

Claims

1. A combustor liner (300) for a gas turbine, the com-
bustor liner (300) having substantially cylindrical
shape and comprising a first section (310) and a sec-
ond section (320) wherein the first section is up-
stream of the second section with respect to the hot
gas flow during operation, characterized in that the
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first section (310) is ring shaped and comprises a
rounded lip section (330) and a trailing section (340),
wherein an inner radius (R1) of the trailing section
(340) is increasing along a centerline (350) of the
liner (300) in the direction of the hot gas flow during
operation.

The combustor liner (300) of claim 1, wherein the
inner radius (R1) of the trailing section (340) is in-
creasing monotonically along the centerline (350) of
the liner (300).

The combustor liner (300) of claims 1 or 2, wherein
the length in axial direction of the first section (310)
is in the range from 20 percent to 80 percent of the
total length in axial direction of the liner (300).

The combustor liner (300) of any of the preceding
claims, wherein an angle (o) between the trailing
section (340) and an outer surface (360) of the com-
bustion liner (300) is in the range of 5 to 15 degrees.

The combustor liner (300) of any of the preceding
claims, wherein a radius of an outer surface (360) of
the combustion liner (300) is substantially constant
along the centerline (350) of the liner (300).

The combustor liner (300) of any of the preceding
claims, wherein a radius (R2) of the second section
(320) is substantially constant along the centerline
(350) of the liner (300).

The combustor liner (300) of any of the preceding
claims, wherein the first section (310) is substantially
hollow.

The combustor liner (300) of any of the preceding
claims, wherein the first section (310) comprises a
damper device (370), preferably the damper device
is Helmholtz damper.

The combustor liner (300) of any of the preceding
claims, wherein the first section (310) comprises
means for a liquid fuel injection (380).

10. A combustor (400) for a gas turbine characterized

in that it comprises the combustor liner (300) ac-
cording to any of the preceding claims and a com-
bustion zone (401) delimited by the combustion liner
(300).

11. The combustor (400) of claim 10 further comprising:

a substantially cylindrical flow sleeve (410),
wherein the combustion liner (300) is located at
least partially within the flow sleeve (410) there-
by forming a first passage (420) between the
flow sleeve (410) and the combustionliner (300);
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12.

13.

14.

15.

a dome (425) located forward of the flow sleeve
and encompassing at least partly a first section
(310) of the combustion liner (300), the dome
(425) having a substantially rounded head end
(430) thereby forming a turning passage (440)
between the rounded lip section (330) of the first
section (310) of combustion liner and the dome
(425);

at least one pilot channel (455) comprising a
means for supplying a pilot fuel (460) and a first
swirling device (495);

The combustor (400) of claim 11 wherein the first
passage (420) and/or the turning passage (440)
comprise a fuel injection means(450,721) and a sec-
ond swirling device (490,711,712);

The combustor (400) of claim 11 or 12 wherein the
first swirling device (495) and/or the second swirling
device (490,711,712) are axial or radial swirlers.

A gas turbine comprising the combustor according
to any of claims 9 to 13.

A method for operating the gas turbine combustor
(400) according to any of claims 10 to 13, the method
comprising:

supplying a first flow of air (480) into the pilot
channel (455);

supplying afirst stream of fuel into the pilot chan-
nel (455)to mix with the first flow of air (480),
and feeding the resulting first mixture into the
combustion zone (401) for providing pilot flame;
supplying a second flow of air (470) into the first
passage (420);

supplying a second stream of fuel into the first
passage (420)or turning passage (440) to mix
with the second flow of air (470), and feeding
the resulting second mixture into the combustion
zone (401) for providing a main flame;

wherein the first mixture and second mixture are
guided along the inner wall of the liner (300) and
form a central recirculation zone (405) in the
center of the combustion zone (401).
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