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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a combustion
liner and a method for reducing the recirculation zone in
a combustion liner.

BACKGROUND OF THE INVENTION

[0002] In an effort to reduce the amount of pollution
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, air-
flow rates, 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-
sion type nozzles historically produce relatively high
emissions due to the fact that the fuel and air burn es-
sentially upon interaction, without mixing, and stoichio-
metrically at high temperature to maintain adequate com-
bustor stability and low combustion dynamics.
[0004] An alternate means of premixing fuel and air
and obtaining lower emissions can occur by utilizing mul-
tiple combustion stages. In order to provide a combustor
with multiple stages of combustion, the fuel and air, which
mix and burn to form the hot combustion gases, must
also be staged. By controlling the amount of fuel and air
passing into the combustion system, available power as
well as emissions can be controlled. Fuel can be staged
through a series of valves within the fuel system or ded-
icated fuel circuits to specific fuel injectors. Air, however,
can be more difficult to stage given the large quantity of
air supplied by the engine compressor. In fact, because
of the general design to gas turbine combustion systems,
as shown by FIG. 1, air flow to a combustor is typically
controlled by the size of the openings in the combustion
liner itself, and is therefore not readily adjustable. An ex-
ample of the prior art combustion system 100 is shown
in cross section in FIG. 1. The combustion system 100
includes a flow sleeve 102 containing a combustion liner
104. 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 is a cover 112
and pilot nozzle assembly 114.
[0005] However, while premixing fuel and air prior to
combustion has been shown to help lower emissions,
the amount of fuel-air premixture being injected has a
tendency to vary due to a variety of combustor variables.
As such, obstacles still remain with respect to controlling
the amount of a fuel-air premixture being injected into a
combustor.
[0006] The document WO 2014/099091 A2 discloses
the features specified in the respective preambles of

claims 1, 7 and 8.

SUMMARY OF THE INVENTION

[0007] The present invention discloses a combustion
liner and a method for reducing the recirculation zone in
a combustion liner according to the attached set of
claims.
[0008] 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 THE DRAWING

[0009] The present invention is described in detail be-
low with reference to the attached drawing figures,
wherein:

FIG. 1 is a cross section of a combustion system of
the prior art.
FIG. 2 is a cross section of a gas turbine combustor
in accordance with an embodiment of the present
invention.
FIG. 3 is a detailed cross section of a portion of the
gas turbine combustor of FIG. 2 in accordance with
an embodiment of the present invention.
FIG. 4A is a cross section view of a dome assembly
in accordance with an embodiment of the present
invention.
FIG. 4B is a cross section view of a dome assembly
in accordance with an alternate embodiment of the
present invention.
FIG. 5 is a flow diagram disclosing a process of reg-
ulating the fuel-air mixture entering a gas turbine
combustor.
FIG. 6 is a cross section view of a portion of a com-
bustion liner in accordance with the prior art.
FIG. 7 is a cross section view of a portion of a com-
bustion liner in accordance with an embodiment of
the present invention.
FIG. 8 is a cross section view of a portion of a com-
bustion liner in accordance with an alternate embod-
iment not according to the present invention.
FIG. 9 is a cross section view of a portion of a com-
bustion liner in accordance with yet another alternate
embodiment of the present invention.
FIG. 10 is a cross section view of a portion of a com-
bustion liner in accordance with another embodi-
ment not according the present invention.
FIG. 11 is a flow diagram depicting a process for
directing a fuel and air mixture into a combustion
liner in accordance with an embodiment of the
present invention.
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DETAILED DESCRIPTION OF THE INVENTION

[0010] The present invention discloses a system and
method for controlling velocity of a fuel-air mixture being
injected into a combustion system. That is, a predeter-
mined effective flow area is maintained through two co-
axial structures forming an annulus of a known effective
flow area through which a fuel-air mixture passes.
[0011] The present invention will now be discussed
with respect to FIGS. 2-8. An embodiment of a gas turbine
combustion system 200 in which the present invention
operates is depicted in FIG. 2. The combustion system
200 is an example of a multi-stage combustion system
and extends about a longitudinal axis A-A and includes
a generally cylindrical flow sleeve 202 for directing a pre-
determined amount of compressor air along an outer sur-
face of a generally cylindrical and co-axial combustion
liner 204. The combustion liner 204 has an inlet end 206
and opposing outlet end 208. The combustion system
200 also comprises a set of main fuel injectors 210 that
are positioned radially outward of the combustion liner
204 and proximate an upstream end of the flow sleeve
202. The set of main fuel injectors 210 direct a controlled
amount of fuel into the passing air stream to provide a
fuel-air-mixture for the combustion system 200.
[0012] For the embodiment of the present invention
shown in FIG. 2, the main fuel injectors 210 are located
radially outward of the combustion liner 204 and spread
in an annular array about the combustion liner 204. The
main fuel injectors 210 are divided into two stages with
a first stage extending approximately 120 degrees about
the combustion liner 204 and a second stage extending
the remaining annular portion, or approximately 240 de-
grees, about the combustion liner 204. The first stage of
the main fuel injectors 210 are used to generate a Main
1 flame while the second stage of the main fuel injectors
210 generate a Main 2 flame.
[0013] The combustion system 200 also comprises a
combustor dome assembly 212, which, as shown in
FIGS. 2 and 3, encompasses the inlet end 206 of the
combustion liner 204. More specifically, the dome as-
sembly 212 has an outer annular wall 214 that extends
from proximate the set of main fuel injectors 210 to a
generally hemispherical-shaped cap 216, which is posi-
tioned a distance forward of the inlet end 206 of the com-
bustion liner 204. The dome assembly 212 turns through
the hemispherical-shaped cap 216 and extends a dis-
tance into the combustion liner 204 through a dome as-
sembly inner wall 218.
[0014] As a result of the geometry of the combustor
dome assembly 212 in conjunction with the combustion
liner 204, a series of passageways are formed between
parts of the combustor dome assembly 212 and the com-
bustion liner 204. A first passageway 220 is formed be-
tween the outer annular wall 214 and the combustion
liner 204. Referring to FIG. 3, a first passageway 220
tapers in size, from a first radial height H1 proximate the
set of main fuel injectors 210 to a smaller height H2 at a

second passageway 222. The first passageway 220 ta-
pers at an angle to accelerate the flow to a target thresh-
old velocity at a location H2 to provide adequate flash-
back margin. That is, when velocity of a fuel-air mixture
is high enough, should a flashback occur in the combus-
tion system, the velocity of the fuel-air mixture through
the second passageway will prevent a flame from being
maintained in this region.
[0015] The second passageway 222 is formed be-
tween a cylindrical portion of the outer annular wall 214
and the combustion liner 204, proximate the inlet end
206 of the combustion liner and is in fluid communication
with the first passageway 220. The second passageway
222 is formed between two cylindrical portions and has
a second radial height H2 measured between the outer
surface of the combustion liner 204 and the inner surface
of the outer annular wall 214. The combustor dome as-
sembly 212 also comprises a third passageway 224 that
is also cylindrical and positioned between the combustion
liner 204 and the outer annular wall 214. The combustor
dome assembly 212 also comprises a third passageway
224 that is also cylindrical and positioned between the
combustion liner 204 and inner wall 218. The third pas-
sageway has a third radial height H3, and like the second
passageway, is formed by two cylindrical walls - com-
bustion liner 204 and dome assembly inner wall 218.
[0016] As discussed above, the first passageway 220
tapers into the second passageway 222, which is gen-
erally cylindrical in nature. The second radial height H2
serves as the limiting region through which the fuel-air
mixture must pass. The radial height H2 is regulated and
kept consistent from part-to-part by virtue of its geometry,
as it is controlled by two cylindrical (i.e. not tapered) sur-
faces, as shown in FIG. 3. That is, by utilizing a cylindrical
surface as a limiting flow area, better dimensional control
is provided because more accurate machining tech-
niques and control of machining tolerances of a cylindri-
cal surface is achievable, compared to that of tapered
surfaces. For example, it is well within standard machin-
ing capability to hold tolerances of cylindrical surfaces to
within +/- 0,00254 cm (0.001 inches).
[0017] Utilizing the cylindrical geometry of the second
passageway 222 and third passageway 224 provides a
more effective way to control and regulate the effective
flow area and controlling the effective flow area allows
for the fuel-air mixture to be maintained at predetermined
and known velocities. By being able to regulate the ve-
locity of the mixture, the velocity can be maintained at a
rate high enough to ensure flashback of the flame does
not occur in the dome assembly 212.
[0018] One such way to express these critical pas-
sageway geometries shown in FIGS. 2-4B is through a
turning radius ratio of the second passageway height H2
relative to the third passageway height H3. That is, the
minimal height relative to the height of the combustion
inlet region. For example, in the embodiment of the
present invention depicted herein, the ratio of H2/H3 is
approximately 0.32. This aspect ratio controls the size of
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the recirculation and stabilization trapped vortex that re-
sides adjacent to the liner, which effects overall combus-
tor stability. For example, for the embodiment shown in
FIGS. 2 and 3, utilizing this geometry permits velocity of
the fuel-air mixture in the second passageway to remain
within a range of approximately 40-80 meters per second.
However, the ratio can vary depending on the desired
passageway heights, fuel-air mixture mass flow rate and
combustor velocities. For the combustion system dis-
closed, the ratio of H2/H3 can range from approximately
0.1 to approximately 0.5. More specifically, for an em-
bodiment of the present invention, the first radial height
H1 can range from approximately 15 millimeters to ap-
proximately 50 millimeters, while the second radial height
H2 can range from approximately 10 millimeters to ap-
proximately 45 millimeters, and the third radial height H3
can range from approximately 30 millimeters to approx-
imately 100 millimeters.
[0019] As discussed above, the combustion system al-
so comprises a fourth passageway 226 having a fourth
height H4, where the fourth passageway 226 is located
between the inlet end 206 of the combustion liner and
the hemispherical-shaped cap 216. As it can be seen
from FIG. 3, the fourth passageway 226 is positioned
within the hemispherical-shaped cap 216 with the fourth
height measured along the distance from the inlet end
206 of the liner to the intersecting location at the hemi-
spherical-shaped cap 216. As such, the fourth height H4
is greater than the second radial height H2, but the fourth
height H4 is less than the third radial height H3. This
relative height configuration of the second, third and
fourth passageways permits the fuel-air mixture to be
controlled (at H2), turn through the hemispherical-
shaped cap 216 (at H4) and enter the combustion liner
204 (at H3) all in a manner so as to ensure the fuel-air
mixture velocity is fast enough that the fuel-air mixture
remains attached to the surface of the dome assembly
212, as an unattached, or separated, fuel-air mixture
could present a possible condition for supporting a flame
in the event of a flashback.
[0020] As it can be seen from FIG. 3, the height of the
first passageway 220 tapers as a result, at least in part,
of the shape of outer annular wall 214. More specifically,
the first passageway 220 has its largest height at a region
adjacent the set of main fuel injectors 210 and its mini-
mum height at the region adjacent the second passage-
way. Alternate embodiments of the dome cap assembly
212 having the passageway geometry described above
are shown in better detail in FIGS. 4A and 4B.
[0021] Turning to FIG. 5, a method 500 of controlling
a velocity of a fuel-air mixture for a gas turbine combustor
is disclosed. The method 500 comprises a step 502 of
directing a fuel-air mixture through a first passageway
that is located radially outward of a combustion liner.
Then, in a step 504, the fuel-air mixture is directed from
the first passageway and into a second passageway that
is also located radially outward of the combustion liner.
In a step 506, the fuel-air mixture is directed from the

second passageway and into the fourth passageway
formed by the hemispherical dome cap 216. As a result,
the fuel-air mixture reverses its flow direction to now be
directed into the combustion liner. Then, in a step 508,
the fuel-air mixture is directed through a third passage-
way located within the combustion liner such that the
fuel-air mixture passes downstream into the combustion
liner.
[0022] As one skilled in the art understands, a gas tur-
bine engine typically incorporates a plurality of combus-
tors. Generally, for the purpose of discussion, the gas
turbine engine may include low emission combustors
such as those disclosed herein and may be arranged in
a can-annular configuration about the gas turbine engine.
One type of gas turbine engine (e.g., heavy duty gas
turbine engines) may be typically provided with, but not
limited to, six to eighteen individual combustors, each of
them fitted with the components outlined above. Accord-
ingly, based on the type of gas turbine engine, there may
be several different fuel circuits utilized for operating the
gas turbine engine. The combustion system 200 dis-
closed in FIGS. 2 and 3 is a multi-stage premixing com-
bustion system comprising four stages of fuel injection
based on the loading of the engine. However, it is envi-
sioned that the specific fuel circuitry and associated con-
trol mechanisms could be modified to include fewer or
additional fuel circuits.
[0023] Referring now to FIGS. 6-11, additional details
regarding an aspect of the combustion liner inlet region
are depicted and discussed. Turning first to FIG. 6, a
detailed view of the inlet end of a combustion liner of the
prior art is shown. More specifically, a combustion liner
600 has a generally annular body 602 with a thickness
604 and a thermal barrier coating 606 applied along an
inner surface 608 of the generally annular body 602. The
combustion liner 600 has an inlet end 610. In this prior
art embodiment, the thermal barrier coating 606 extends
to the inlet end 610, and together forms a blunt face 612.
That is, for an embodiment of the prior art, the inlet end
610 has a combined thickness (metal + thermal barrier
coating) upwards of 0,2286 cm (0.090 inches) or greater,
depending on the sheet metal thickness used for the com-
bustion liner 600. When such a combustion liner 600 is
used in conjunction with a combustion system of FIGS.
2-5, the combustion liner 600 and its inlet end 610 form
a bluff body that can yield undesirable results when the
flow of fuel and air pass along and around the inlet end
610. More specifically, as the flow of fuel and air pass
around the inlet end 610, the fuel and air mixture tends
to separate as it enters the combustion liner 600 due to
the bluff body geometry. As one skilled in the art under-
stands, flow separation such as this can help to anchor
a flame at or near the inlet end 610. This undesirable
result causes the inlet end 610 of the combustion liner
600 to be eroded by the flame formed in this area of
recirculation resulting in premature repair or replacement
to the combustion liner.
[0024] Improvements to the inlet end 610 of the prior
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art combustion liner are depicted in FIG. 7. In an embod-
iment of the present invention, a combustion liner 700 is
provided having a generally annular body 702 having a
thickness T that varies towards a forward region 704.
The combustion liner 700 also has an inlet end 706 and
an opposing outlet end (not shown). The generally an-
nular body 702 also has an inner surface 708 and an
opposing outer surface having a contoured profile prox-
imate the inlet end 706 comprising a first outer surface
710 and a second outer surface 712 where the first outer
surface 710 is located radially outward of the second out-
er surface 712.
[0025] The forward region 704 of the combustion liner
700 also has a first chamfer 714 extending from the first
outer surface 710 towards the inlet end 706, thereby re-
ducing the thickness of the combustion liner 700 in the
forward region 704. For the embodiment depicted in FIG.
7, the first chamfer 714 is oriented at approximately a
5-75 degree angle and reduces the thickness of the com-
bustion liner 700 from approximately 0,254 - 0,635 cm
(0.1-0.25 inches) to approximately 0,0127- 0,254 cm
(0.005 - 0.1 inches) at the inlet end 706. The chamfer
angle, resulting thickness, and rate of change for the
thickness of the combustion liner are merely represent-
ative and not meant to be limiting the scope of the present
invention. As one skilled in the art will understand, the
thickness of the combustion liner, chamfer angle, and
rate of thickness change towards the inlet end 706 can
vary. However, by tapering the thickness change via first
chamfer 714 at a first rate, more of the flow of fuel and
air passing along the outer surface of the generally an-
nular body 702 remains attached to the annular body 702
as opposed to prior art designs.
[0026] The combustion liner 700 also comprises a
coating 716 applied to the inner surface 708 of the gen-
erally annular body 702. One such coating utilized for the
combustion liner 700 is a thermal barrier coating. The
thermal barrier coating 716 applied to the inner surface
708 comprises a bond coating 718 and a ceramic top
coating 720. For example, the bond coating 718 can be
applied approximately 0,00254 - 0,0254 cm (0.001 -
0.010 inches) thick, while the ceramic top coating 720
can be applied approximately 0,0254-0,508 cm (0.010 -
0.200 inches) thick over the bond coating 718. As one
skilled in the art understands, the thermal barrier coating
can be a standard commercial coating discussed above
or can also be a more advanced thermal barrier coating
such as a dense vertically cracked coating. As it can be
seen from FIG. 7, a portion of the coating proximate the
inlet end 706 is tapered via a second chamfer 722 ori-
ented at an angle of 5-75 degrees, which tapers the coat-
ing thickness towards the inlet end 706 at a second rate.
The second chamfer 722 can be formed via a machining
process, such as grinding to a previously-applied coating,
or it can be formed as a result of tapering the layers of
bond coating and thermal barrier coating applied.
[0027] Therefore, as it can be seen by FIG. 7, the first
chamfer 714 and the second chamfer 722 form a reduced

bluff body region 724 at the inlet end 706. In an embod-
iment of the present invention, the reduced bluff body
region 724 has a thickness of approximately 0,0508 cm
(0.020 inches). However, other reduced bluff body re-
gions 724 can be utilized depending on the desired con-
figuration of the combustion liner 700. As discussed
above, a bluff body region creates a recirculation zone.
However, the chamfer angles 714 and 722 of the present
invention reduce the size of such a region so as to reduce
the tendency for the flow of fuel and air to separate as it
passes towards the inlet end 706.
[0028] However, with the reduced bluff body region
724 formed by the present invention, the flow of fuel and
air passing along the outer region of the generally annular
body 702 remains along the tapered surfaces 714 and
722, thereby reducing the adverse effect of the bluff body
of the prior art.
[0029] In an alternate embodiment, the chamfer at the
liner inlet end 706 may instead comprise a rounded bluff
body region or a rounded portion of the liner inlet end as
shown in FIGS. 8-10. More specifically, and as shown in
FIGS. 8-10, a combustion liner 800 has an inlet end 806
and instead of the chamfer angles 714 and 722 shown
in FIG. 7, the combustion liner 800 has one or more radii
at the inlet end 806. That is, the combustion liner 800
comprises a generally annular body 802 with an inlet end
806 and an outlet end (not shown). The annular body
802 has an inner surface 808 and an outer surface 810.
In this embodiment, the inner surface 808 has a thermal
barrier coating 820 applied thereto. However, unlike the
embodiment of FIG. 7, this embodiment includes one or
more radii formed into the combustion liner 800 at the
liner inlet. More specifically, in FIG. 8, which is not part
of the present invention, the one or more radii comprise
a radius R to the generally annular body 802 about the
outer surface 810 proximate inlet end 806. Radius R can
vary depending on a variety of factors. However, it is
preferred that radius R extends a distance so as to extend
generally equivalent to the length of the tapered surface
714 of the embodiment in FIG. 7. As such, the radius R
covers the same general region of the tapered surface
714. However, while a radius provides a similar benefit
to that of the tapered surface 714, it is not as advanta-
geous as the tapered surface 714. The radius R increas-
es the risk of separation of the air flow as a result of the
curved surface. Also, such a radius negatively affects
any flame holding in the area.
[0030] Alternatively, and as shown in FIG. 9, the one
or more radius R to the combustion liner 800 is formed
along the thermal barrier coating 820 applied to the inner
surface 808 at the inlet end 806. The radius R of the
thermal barrier coating 820 can vary depending on the
coating thickness. As with the embodiment of FIG. 8, the
radius R to the thermal barrier coating also negatively
affects flame holding in the inlet end 806.
[0031] Then, referring to FIG. 10, which is not part of
the present invention, the one or more radii R can com-
prise a first radius R1 and a second radius R2. More
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specifically, the generally annular body 802 has a first
radius R1 that is generally greater than the radius R2 of
the thermal barrier coating 820. As such, the combination
of R1 and R2 at the inlet end 806 forms a shape compa-
rable to a bullnose at the inlet to the combustion liner.
[0032] The configurations disclosed in FIGS. 8-10 pro-
vide a blunt front edge of the combustion liner that is
necessary for the liner structural integrity. However, re-
ducing the front edge thickness prevents premature ther-
mal wear of the combustion liner inlet end 806 by reduc-
ing the tendency for flame holding. The radii R, R1 and/or
R2 are formed preferably by a grinding process to the
liner and/or thermal barrier coating.
[0033] Referring now to FIG. 11, a method 1100 of re-
ducing a recirculation zone in a gas turbine combustor
is disclosed. More specifically, in a step 1102, a combus-
tion liner is provided having a chamfer along an outer
surface of the combustion liner, a coating applied to an
inner surface of the combustion liner, and a chamfer to
the coating on the inner surface. Then, in a step 1104, a
fuel and air mixture is directed along the outer surface of
the combustion liner. The fuel and air mixture is then
turned about an inlet end of the combustion liner in a step
1106, such that the mixture remains at least in close prox-
imity to the chamfered portions of the combustion liner.
Then, in a step 1108, the fuel and air mixture is directed
into the combustion liner where it is ignited to supply pow-
er to the gas turbine engine.
[0034] While the invention has been described in what
is known as presently the preferred embodiment, it is to
be understood that the invention is not to be limited to
the disclosed embodiment but, on the contrary, is intend-
ed to cover various modifications and equivalent arrange-
ments within the scope of the following claims. The
present invention has been described in relation to par-
ticular embodiments, which are intended in all respects
to be illustrative rather than restrictive.

Claims

1. A combustion liner (700) comprising: a generally an-
nular body (702) having thickness, an inlet end (706),
and an opposing outlet end, the generally annular
body (702) having an inner surface (708) and an op-
posing outer surface. the outer surface having a con-
toured profile proximate the inlet end (706) such that
the outer surface comprises a first outer surface
(710) and a second outer surface (712) with the first
outer surface (710) located radially outward of the
second outer surface (712) and a first chamfer (714)
extending from the first outer surface (710) to the
inlet end (706); and, a coating (716) applied to the
inner surface (708), where the coating comprises a
bond coating (718) and a ceramic top coating (720),
the combustion liner (700) being characterised in
at least a portion of the coating proximate the inlet
end (706) having a second chamfer (722) thereby

tapering a coating thickness towards the inlet end
(706).

2. The combustion liner of claim 1, wherein the first
chamfer (714) and second chamfer (722) form a re-
duced bluff body region (724) at the inlet end (706);
wherein the bluff body region (724) at the inlet end
(706) provides for a recirculation zone proximate the
inlet end (706) of the combustion liner (700).

3. The combustion liner of claim 1, wherein the coating
applied to the inner surface (708) of the combustion
liner (700) has a dense vertically cracked microstruc-
ture.

4. A method of reducing a recirculation zone in a com-
bustion liner (700) comprising: providing a combus-
tion liner (700) having a first chamfer (714) along an
outer surface of the combustion liner (700), a coating
(716) applied to an inner surface (708) of the com-
bustion liner (700), and a second chamfer (722) to
at least a portion of the coating (716) on the inner
surface (708), directing a fuel and air mixture along
the outer surface of the combustion liner (700); turn-
ing the fuel and air mixture about an inlet end (706)
of the combustion liner (700) such that the mixture
remains at least in close proximity to the first chamfer
(714) and to the second chamfer (722) of the com-
bustion liner (700); and, directing the mixture into the
combustion liner (700).

5. The method of claim 4, wherein the inlet end (706)
forms a bluff body (724) having a reduced thickness
compared to that of the combustion liner (700) and
the coating (716).

6. The method of claim 5, wherein the bluff body 724
has a thickness of approximately 0,0127 - 0,127 cm
(0.005 - 0.050 inches).

7. A combustion liner (800) comprising: a generally an-
nular body (802) having thickness, an inlet end (806),
and an opposing outlet end, the generally annular
body (802) having an inner surface (808) and an op-
posing outer surface (810), the outer surface (810)
having a contoured profile proximate the inlet end
(806) such that the outer surface (810) comprises a
first outer surface and a second outer surface with
the first outer surface located radially outward of the
second outer surface and a first chamfer extending
from the first outer surface to the inlet end (806); and,
a coating (820) applied to the inner surface (808),
where the coating (820) comprises a bond coating
and a ceramic top coating, the combustion liner (800)
being characterised in at least a portion of the coat-
ing proximate the inlet end (806) having a radius at
the inlet end (806).
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8. A combustion liner (800) comprising: a generally an-
nular body (802) having a thickness, an inlet end
(806), and an opposing outlet end, the generally an-
nular body (802) having an inner surface (808) and
an opposing outer surface (810); and a coating (820)
applied to the inner surface (808), where the coating
(820) comprises a bond coating and a ceramic top
coating; the combustion liner (800) being character-
ised in the outer surface (810) being contoured prox-
imate the inlet end (806) according to a radius, and
at least a portion of the coating (820) proximate the
inlet end (806) having a chamfer thereby tapering a
coating thickness towards the inlet end (806).

Patentansprüche

1. Brennkammerliner (700), umfassend: einen im We-
sentlichen ringförmigen Körper (702) mit einer Di-
cke, einem Eintrittsende (706) und einem gegenü-
berliegenden Austrittsende, wobei der im Wesentli-
chen ringförmige Körper (702) eine Innenfläche
(708) und eine gegenüberliegende Außenfläche um-
fasst, wobei die Außenfläche nahe dem Eintrittsende
(706) ein Konturprofil aufweist, so dass die Außen-
fläche eine erste Außenfläche (710) und eine zweite
Außenfläche (712) aufweist, wobei die erste Außen-
fläche (710) radial auswärts der zweiten Außenflä-
che (712) angeordnet ist, und eine erste Abschrä-
gung (714), die sich von der ersten Außenfläche
(710) zu dem Eintrittsende (706) erstreckt; und eine
auf die Innenfläche (708) aufgebrachte Beschich-
tung (716), wobei die Beschichtung eine Verbund-
beschichtung (718) und eine keramische Deckbe-
schichtung (720) umfasst, wobei der Brennkammer-
liner (700) dadurch gekennzeichnet ist, dass min-
destens ein Abschnitt der Beschichtung nahe dem
Eintrittsende (706) eine zweite Abschrägung (722)
aufweist, wodurch sich eine Beschichtungsdicke in
Richtung des Eintrittsendes (706) verjüngt.

2. Brennkammerliner nach Anspruch 1, wobei die erste
Abschrägung (714) und die zweite Abschrägung
(722) an dem Eintrittsende (706) einen reduzierten
stumpfen Körperabschnitt (724) bilden, wobei sich
durch den reduzierten stumpfen Körperabschnitt
(724) an dem Eintrittsende (706) eine Rezirkulati-
onszone nahe dem Eintrittsende (706) des Brenn-
kammerliners (700) ausbildet.

3. Brennkammerliner nach Anspruch 1, wobei die auf
die Innenfläche (708) des Brennkammerliners (700)
aufgebrachte Beschichtung eine dichte, mit vertika-
len Rissen versehene Mikrostruktur aufweist.

4. Verfahren zur Reduzierung einer Rezirkulationszo-
ne in einem Brennkammerliner (700), umfassend:
Bereitstellen eines Brennkammerliners (700) mit ei-

ner ersten Abschrägung (714), die sich entlang einer
Außenfläche des Brennkammerliners (700) er-
streckt, einer auf eine Innenfläche (708) des Brenn-
kammerliners aufgebrachten Beschichtung (716)
und einer zweiten Abschrägung (722) an mindes-
tens einem Abschnitt der Beschichtung (716) der In-
nenfläche (708); Entlangleiten eines Brennstoff-
Luft-Gemischs an der Außenfläche des Brennkam-
merliners (700); Regulieren des Brennstoff-Luft-Ge-
mischs ungefähr am Eintrittsende (706) des Brenn-
kammerliners (700), so dass das Gemisch mindes-
tens in unmittelbarer Nähe der ersten Abschrägung
(714) und der zweiten Abschrägung (722) des
Brennkammerliners (700) bleibt; und Einleiten des
Gemischs in den Brennkammerliner (700).

5. Verfahren nach Anspruch 4, wobei das Eintrittsende
(706) einen stumpfen Körper (724) bildet, der im Ver-
gleich zu der Dicke des Brennkammerliners (700)
und der Beschichtung (716) eine geringere Dicke
aufweist.

6. Verfahren nach Anspruch 4, wobei der stumpfe Kör-
per (724) eine Dicke von ungefähr 0,0127 - 0,127
cm (0,005 - 0,050 Zoll) aufweist.

7. Brennkammerliner (800), umfassend: einen im We-
sentlichen ringförmigen Körper (802) mit einer Di-
cke, einem Eintrittsende (806) und einem gegenü-
berliegenden Austrittsende, wobei der im Wesentli-
chen ringförmige Körper (802) eine Innenfläche
(808) und eine gegenüberliegende Außenfläche
(810) umfasst, wobei die Außenfläche (810) nahe
dem Eintrittsende (806) ein Konturprofil aufweist, so
dass die Außenfläche (810) eine erste Außenfläche
und eine zweite Außenfläche aufweist, wobei die
erste Außenfläche radial auswärts der zweiten Au-
ßenfläche angeordnet ist, und eine erste Abschrä-
gung, die sich von der ersten Außenfläche zu dem
Eintrittsende (806) erstreckt; und eine auf die Innen-
fläche (808) aufgebrachte Beschichtung (820), wo-
bei die Beschichtung (820) eine Verbundbeschich-
tung und eine keramische Deckbeschichtung um-
fasst, wobei der Brennkammerliner (800) dadurch
gekennzeichnet ist, dass mindestens ein Abschnitt
der Beschichtung nahe dem Eintrittsende (806) ei-
nen Radius an dem Eintrittsende (806) aufweist.

8. Brennkammerliner (800), umfassend: einen im We-
sentlichen ringförmigen Körper (802) mit einer Di-
cke, einem Eintrittsende (806) und einem gegenü-
berliegenden Austrittsende, wobei der im Wesentli-
chen ringförmige Körper (802) eine Innenfläche
(808) und eine gegenüberliegende Außenfläche
(810) umfasst; und eine auf die Innenfläche (808)
aufgebrachte Beschichtung (820), wobei die Be-
schichtung (820) eine Verbundbeschichtung und ei-
ne keramische Deckbeschichtung umfasst, wobei
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der Brennkammerliner (800) dadurch gekenn-
zeichnet ist, dass die Außenfläche (810) nahe dem
Eintrittsende (806) entsprechend einem Radius kon-
turiert ist und mindestens ein Abschnitt der Be-
schichtung (820) nahe dem Eintrittsende (806) eine
Abschrägung aufweist, wodurch sich eine Beschich-
tungsdicke in Richtung des Eintrittsendes (806) ver-
jüngt.

Revendications

1. Chemise de chambre de combustion (700) compre-
nant: un corps généralement annulaire (702) ayant
une épaisseur, une extrémité d’entrée (706) et une
extrémité de sortie opposée, le corps généralement
annulaire (702) ayant une surface interne (708) et
une surface externe opposée, la surface externe
ayant un profil profilé à proximité de l’extrémité d’en-
trée (706) de sorte que la surface externe comprend
une première surface externe (710) et une seconde
surface externe (712) avec la première surface ex-
terne (710) positionnée radialement vers l’extérieur
de la seconde surface externe (712) et un premier
chanfrein (714) s’étendant à partir de la première
surface externe (710) jusqu’à l’extrémité d’entrée
(706) ; et un revêtement (716) appliqué sur la surface
interne (708), où le revêtement comprend un revê-
tement de liaison (718) et un revêtement supérieur
en céramique (720),
la chemise de chambre de combustion (700) étant
caractérisée en ce que :
au moins une partie du revêtement à proximité de
l’extrémité d’entrée (706) a un second chanfrein
(722) rétrécissant ainsi progressivement une épais-
seur de revêtement vers l’extrémité d’entrée (706).

2. Chemise de chambre de combustion selon la reven-
dication 1, dans laquelle le premier chanfrein (714)
et le second chanfrein (722) forment une région de
corps à large surface exposée réduite (724) au ni-
veau de l’extrémité d’entrée (706) ; dans laquelle la
région de corps à large surface exposée (724) au
niveau de l’extrémité d’entrée (706) fournit une zone
de recirculation à proximité de l’extrémité d’entrée
(706) de la chemise de chambre de combustion
(700).

3. Chemise de chambre de combustion selon la reven-
dication 1, dans laquelle le revêtement appliqué à la
surface interne (708) de la chemise de chambre de
combustion (700) a une microstructure dense verti-
calement fissurée.

4. Procédé pour réduire une zone de recirculation dans
une chemise de chambre de combustion (700) com-
prenant les étapes consistant à : prévoir une chemi-
se de chambre de combustion (700) ayant un pre-

mier chanfrein (714) le long d’une surface externe
de la chemise de chambre de combustion (700), un
revêtement (716) appliqué sur une surface interne
(708) de la chemise de chambre de combustion
(700), et un second chanfrein (722) sur au moins
une partie du revêtement (716) sur la surface interne
(708) ; diriger un mélange de carburant et d’air le
long de la surface externe de la chemise de chambre
de combustion (700) ; faire tourner le mélange de
carburant et d’air autour d’une extrémité d’entrée
(706) de la chemise de chambre de combustion
(700) de sorte que le mélange reste au moins à proxi-
mité immédiate du premier chanfrein (714) et du se-
cond chanfrein (722) de la chemise de chambre de
combustion (700) ; et diriger le mélange dans la che-
mise de chambre de combustion (700).

5. Procédé selon la revendication 4, dans lequel l’ex-
trémité d’entrée (706) forme un corps à large surface
exposée (724) ayant une épaisseur réduite par rap-
port à celle de la chemise de chambre de combustion
(700) et du revêtement (716).

6. Procédé selon la revendication 5, dans lequel le
corps à large surface exposée (724) a une épaisseur
d’approximativement 0,0127 - 0,127 cm (0,005 -
0,050 pouce).

7. Chemise de chambre de combustion (800)
comprenant : un corps généralement annulaire
(802) présentant une épaisseur, une extrémité d’en-
trée (806) et une extrémité de sortir opposée, le
corps généralement annulaire (802) ayant une sur-
face interne (808) et une surface externe (810) op-
posée, la surface externe (810) ayant un profil profilé
à proximité de l’extrémité d’entrée (806) de sorte que
la surface externe (810) comprend une première sur-
face externe et une seconde surface externe avec
la première surface externe positionnée radialement
vers l’extérieur de la seconde surface externe et un
premier chanfrein s’étendant de la première surface
externe à l’extrémité d’entrée (806) ; et un revête-
ment (820) appliqué sur la surface interne (808), où
le revêtement (820) comprend un revêtement de
liaison et un revêtement supérieur en céramique,
la chemise de chambre de combustion (800) étant
caractérisée en ce qu’au moins une partie du re-
vêtement à proximité de l’extrémité d’entrée (806) a
un rayon au niveau de l’extrémité d’entrée (806).

8. Chemise de chambre de combustion (800)
comprenant : un corps généralement annulaire
(802) présentant une épaisseur, une extrémité d’en-
trée (806) et une extrémité de sortie opposée, le
corps généralement annulaire (802) ayant une sur-
face interne (808) et une surface externe (810)
opposée ; et un revêtement (820) appliqué sur la sur-
face interne (808), où le revêtement (820) comprend
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un revêtement de liaison et un revêtement supérieur
en céramique ; la chemise de chambre de combus-
tion (800) étant caractérisé en ce que : la surface
externe (810) est profilée à proximité de l’extrémité
d’entrée (806) selon un rayon, et
au moins une partie du revêtement (820) à proximité
de l’extrémité d’entrée (806) ayant un chanfrein ré-
trécissant ainsi progressivement une épaisseur de
revêtement vers l’extrémité d’entrée (806).
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