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ABSTRACT

5 A turbine component has a plurality of cooling passages each extending through a
body of a structure between opposite hot and cold surfaces of the structure. According
to one embodiment, at least one of the cooling passages includes a plurality of
upstream paths defining respective inlet openings on the cold surface and merging into

a number of downstream paths defining respective outlet openings on the hot surface.
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COOLING PASSAGES IN A TURBINE COMPONENT

TECHNICAL FIELD

The application relates generally to gas turbine engines and, more particularly, to

cooling passages in a turbine component for such engines.

BACKGROUND OF THE ART

Combustors of gas turbine engines are subject to high temperatures and effusion holes
can be used to direct air to cool combustor components such as combustor liners.
domes and heat shields. Effusion holes extend through the component at a shallow
angle with respect to the surface of the component, for efficiently cooling without risking
a reduction in combustion temperatures. A typical effusion hole is designed to be a
straight cylindrical passage. The length of the hole is dictated by the thickness of the
component such as a combustor liner and the angle of the effusion hole with respect to
the combustor liner surface. In conventional effusion cooling, heat is removed from. for
example the combustor liner, via three mechanisms: backside convection cooling, in-
hole convection cooling, and film cooling. Due to the limited thickness of the combustor
iner and thus the limited length of the cooling passage formed by the effusion hole,
effusion cooling performance is traditionally more dependent on a film cooling
mechanism than on the in-hole convection cooling. Nevertheless, it is desirable to
sometimes make the overall hole cooling system less dependent on a film cooling
mechanism, particularly in regions where the film tends to mix with the hot gas, rather

than staying on the combustor liner surface.

Accordingly, improved effusion cooling holes for enhanced cooling performance are

desirable.

SUMMARY

In one aspect, there is provided a turbine component, comprising: a structure having a
hot surface for being exposed to hot combustion gases and a cold surface for being
exposed to cooling air, the hot and cold surfaces being opposite each other: and a

plurality of cooling passages extending through a body of the structure between the hot
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and cold surfaces, at least one of the cooling passages comprising: a plurality of
upstream paths defining a plurality of inlet openings on the cold surface and merging

iInto a downstream path that defines an outlet opening on the hot surface.

In another aspect, there is provided a turbine component comprising: a structure having
a hot surface for being exposed to hot combustion gases and a cold surface for being
exposed to cooling air, the hot and cold surfaces being opposite each other; a plurality
of cooling passages extending through a body of the structure from the cold surface to
the hot surface, at least one of the cooling passages comprising a plurality of upstream
paths defining respective inlet openings on the cold surface and merging into a number

of downstream paths defining respective outlet openings on the hot surface.

In a further aspect, there is provided a turbine component, a turbine component,
comprising: a structure having a hot surface for being exposed to hot combustion
gases and a cold surface for being exposed to cooling air, the hot and cold surfaces
being opposite each other; and a plurality of cooling passages extending through a
body of the structure between the hot and cold surfaces, each of the cooling passages
comprising: a plurality of upstream paths defining respective inlet openings on the cold
surface and extending from the respective inlet openings inwardly into the body; and a
plurality of downstream paths connected with the upstream paths and extending toward
the hot surface to define respective outlet openings on the hot surface, all of the
upstream and downstream paths being connected together, each of the downstream
paths Including a metering section having a constant cross-section and a flared section

defining one of said outlet openings.

DESCRIPTION OF THE DRAWINGS

Reference is now made to the accompanying figures in which:

FIG. 1 i1s a schematic side cross-sectional view of a gas turbine engine as an example

llustrating application of the described subject matter;
FIG. 2 Is an isometric view of a cooling passage according to one embodiment:

FIG. 3 is a partial top plan view of a combustor liner showing the cooling passage

extending therethrough:;
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FIG. 4 1s a partial cross-sectional view of the combustor liner of FIG. 3:
FIG. 5 Is a cross-sectional view of the cooling passage taken along line 5-5 of FIG. 4

FIG. 6 is a partial top plan view of the combustor liner of FIG. 3, showing a plurality of

the cooling passages:

FIG. 7 1s a partial cross-sectional view of a combustor liner showing a cooling passage

extending therethrough according to another embodiment;

FIG. 8 1s a partial bottom plan view of the combustor liner of FIG. 7, showing the

cooling passage;
FIG. 9 1s an isometric view of the cooling passage shown in FIG. 7

FIG. 10 is a partial cross-sectional view of a combustor liner, showing a cooling

passage extending therethrough according to another embodiment;

FIG. 11 is a partial top plan view of the combustor of liner of FIG. 10, showing the

cooling passage;
FIG. 12 is an isometric view of a cooling passage according to a further embodiment;

FIG. 13 is a schematic illustration of a comparison of the combined cross-section of two

upstream paths and the cross-section of a metering section of a cooling passage; and

FIG. 14 is a top plan view of the combustor liner of FIG. 7, showing a plurality of cooling

passages.

It will be noted that throughout the appended drawings, like features are identified by

lIke reference numerals.

DETAILED DESCRIPTION

FIG. 1 illustrates a turbofan gas turbine engine 10 of a type provided for use in
subsonic flight, generally comprising in serial flow communication a fan 12 through
which ambient air is propelled, a multi-stage compressor 14 for pressurizing the air, a
combustor 16 In which the compressed air is mixed with fuel and ignited for generating

an annular stream of hot combustion gases, and a turbine section 18 for extracting

energy from the combustion gases.
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It should be noted that the terms “upstream” and “downstream” used herein and

hereinafter refer to the direction of a fluid flow passing through a described passage.

As lllustrated in FIGS.3-4, 6-8, 10-11 and 14 a turbine component having a structure
such as a combustor liner 20 which may be of a single skin type, may include a surface
22 and a surface 24 opposite each other. The surfaces 22, 24 may or may not be
parallel to each other and may define a body 26 of the combustor liner 20
therebetween. The surface 24 may be exposed to cooling air and is referred to as a
‘cold” surface of the combustor 20 and the other surface 22 may be exposed to hot
combustion gases generated within the combustor 16 and is referred to as a “hot”

surface.

It Is necessary to cool the combustor liner 20 in order to provide durability. One
possible way is to add effusion holes. FIGS. 2-4 show a cooling passage 28 as an
example of an effusion hole. The cooling passage 28 extending through the body 26 of
the combustor liner 20 between the hot and cold surfaces 22, 24, may include an
upstream path 34 and a downstream path 30. The cooling air under a supply pressure
IS directed to flow through the cooling passage 28 to cool the combustor liner 20 and is
then discharged into the combustor. The supply pressure of the cooling air on the cold
surface is greater than the combustion gas pressure at the hot surface. The upstream
path 34 may include an entry section 35 substantially parallel to the hot surface 22 or
substantially parallel to both hot and cold surfaces 22, 24, and an inlet section 33
extending from the entry section 35 toward the cold surface 24 to define an inlet
opening 36 on the cold surface 24. The downstream path 30 may include a metering
section 31 substantially parallel to the hot surface 22 or substantially parallel to both hot
and cold surfaces 22, 24, and a flared section 29 extending from the metering section
31 angling and flaring toward the hot surface 22 where the flared section 29 defines an

outlet opening 32 on the hot surface 22.

The metering section 31 may be generally straight, with a substantially constant cross-

sectional area to guide the cooling air flow toward the flared section 29. The cross-
sectional area of the cooling passage 28 may be the smallest at the metering section

31 and is the main parameter for controlling the cooling air mass flow rate.
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In accordance with this embodiment as shown in FIGS. 2-5, the flared section 29 may
have a rectangular cross-section defined between opposed surfaces 29a and 29b and

between opposed sides 29c. The rectangular cross-section of the flared section 29
iIncreases as the flared section 29 extends from the metering section 31 toward the hot
surface 22. The opposed sides 29¢ may be substantially normal to the hot surface 22.
The cooling air flow enters the upstream path 34 via the inlet opening 36 on the cold
surface, then passes through metering section 31, and the flared section 29 and exits
through the outlet opening 32, to form a cooling film 37 along the hot surface 22
downstream of the outlet opening 32. The quality of the cooling film 37 is influenced by
angle A (see FIG. 4) which is defined between the hot surface 22 and the surface 29a
that faces away from the cold surface 24. The angle A may be less than 20 degrees.
The flared section 29 is “flared” in order to slow down the cooling air velocity so that the
cooling air flows onto the hot surface 22 of the combustor liner 20 downstream of the
outlet opening 32, rather than lifting off the hot surface 22 and mixing with hot gases
within the combustor liner 20. Angle B (see FIG. 4) is defined between the two
opposed surfaces 29a and 29b (that face away from the hot surface 22), and angle C
(see Fig. 3) is a lateral angle defined between one of the sides 29c and a flared section
central axis 27. The flared section central axis 27 extends at an oblique angle AA with
respect to the hot surface 22 (see FIG. 7). Therefore, the angles B and C also affect

the quality of the cooling film 37 and may be selected in a range between 0O degrees

and 12 degrees.

Referring to FIG. 6, the plurality of cooling passages 28 may be arranged in an array
around the entire circumference of the combustor liner 20. Three such cooling
passages 28 are shown in Fig. 6, with a spacing D. The region that each cooling
passage 28 must cool is indicated between broken lines 81. It can be appreciated that
a location 82 approximately mid-way between the adjacent cooling passages 28 would
be cooled the least. This location 82 is cooled by conduction from the nearby cooling

passages 28 through the body 26 of the combustor liner 20.

The cooling of location 82 can be improved by reducing the spacing D between the

cooling passages 28. However, this would necessitate more cooling passages to cover
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the full circumference of the combustor liner 20 and would therefore require an

Increase in the amount of cooling air required.

Referring to FIG. 13 which is a schematic illustration for convenience of description in a
comparison of the combined cross-section of two upstream paths and the cross-section
of a metering section of a cooling passage, a cooling passage may have a metering
section 71 with a rectangular cross-section of a thickness t, a width 2-t, an area A=2-t°
and a perimeter P=6-t. The cooling passage may be split into two upstream paths 70a
and 70b of equal size and with a cross-sectional area each of which is half of the cross-
sectional area of the metering section 71. These two upstream paths 70a, 70b may

feed cooling air flow to the metering section 71. The combined perimeters of 70a and
/0b 1s P’=8-t (note that P’=8/6-P). The combined perimeters of the upstream paths

/0a and 70b is approximately 1.33 times that of the perimeter of metering section 71.

Generally, having more than one upstream path in a cooling passage increases the
surface area of the upstream path. This results in improved convection cooling within

the upstream paths.

In FIGS. 7-9 the combustor liner 20 may be provided with a plurality of cooling
passages 28’ (only one is shown) each of which extends through the body 26 of the
combustor liner 20 between the hot and cold surfaces 22, 24. Each of the cooling
passages 28’ (at least one thereof) according to another embodiment may include a
downstream path 30 which is identical to the downstream path 30 shown in FIGS. 2-4,
iIncluding the metering section 31 and the flared section 29, the description of which will

not be repeated hereinafter. Each of the cooling passages 28’ (at least one thereof)
may further include a plurality of upstream paths 34 which merge into the downstream

path 30, for example into the metering section 31 of the downstream path 30.

The downstream path 30 may have a constant cross-section defined by the metering
section 31, or alternatively a varying cross-section having a minimum cross-section
greater than any individual cross-section of the respective upstream paths 34. The
upstream paths 34 may each have a substantially constant cross-section. Alternatively,
the upstream paths 34 may each have a varying cross-section of a similar or of
different patterns.  Optionally, the substantially constant cross-sections of the

respective upstream paths 34 may be substantially equal.

-6 -
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Further details of the metering section 31 and the flared section 29 shown in FIGS. 7-9
have been described above with reference to FIGS. 2-4 and will not be repeated

hereinafter.

Each of the cooling passages 28’ (at least one thereof) according to this embodiment,
may have first and second upstream paths 34 merging into the downstream path 30.
The first and second upstream paths 34 may each include a branch section 42
substantially parallel to the metering section 31 (see FIG. 8) of the downstream path
30, and thus parallel to the hot surface 22 or to both hot and cold surfaces 22, 24. The
metering section 31 of the downstream path 30 may therefore be flanked by the branch

section 42 of the first upstream path 34 and the branch section 42 of the second

upstream path 34.

Each of the upstream paths 34 may include an inlet section 44 extending from the
branch section 42 toward the cold surface 24 to define the respective inlet opening 36

on the cold surface 24.

Similar to the embodiment of FIG. 6, the cooling passages 28’ illustrated in FIGS. 7-9
may be arranged In an array around the entire circumference of the combustor liner 20.
Three such cooling passages 28’ are shown in FIG. 14 with a spacing D’. The region
that each cooling passage 28 must cool is between broken lines 81. Two inlet
openings 36 and two branch sections 42 make it possible to increase the passage

spacing D’ while still adequately cooling the location 82.

In FIGS. 10 and 11 a cooling passage 50 according to another embodiment extends
through the body 26 of the combustor liner 20 between the hot and cold surfaces 22,
24. It is also understood that the combustor liner 20 defines a plurality of the cooling
passages o0 but only one Is shown and described. The respective cooling passages
00 may each include a plurality of upstream paths such as first and second upstream
paths 56 defining respective inlet openings 60 on a cold surface such as the surface 24
(which is exposed to cooling air), and extending from the respective inlet openings 60
iInwardly into the body 26 of the combustor liner 20. The respective cooling passages
50 may also include a plurality of downstream paths such as first and second

downstream paths 52 connected to and in fluid communication with the upstream paths

56, for example via a metering path 58. The first and second downstream paths 52

-7 -
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may extend toward the hot surface, for example the surface 22 (which is exposed to the
hot gases generated in the combustor) to define respective outlet openings 54 on the
hot surface 22. All the upstream and downstream paths 56, 52 in each of the cooling

passages 50 are connected together and all are in fluid communication through the

respective cooling passage 50.

The upstream paths 56 may be configured similar to the configuration of the first and
second upstream paths 34 of the embodiment shown in FIGS. 7-9. The first and
second downstream paths 52 may be configured similar to the configuration of the first
and second upstream paths 56, but may extend toward the hot surface 22 of the

combustor liner 20, instead of extending toward the surface 24.

Referring to FIG. 12, alternative to the embodiment shown in FIGS. 7-9, each of the
cooling passages 40 according to a further embodiment may include first and second
downstream paths 30a and 30b, optionally substantially parallel each other, each
having a metering section 31 and a flared section 29 and defining respective first and
second outlet openings 32a, 32b. The first and second downstream paths 30a and 30b
are similar to the downstream path 30 of each of the cooling passages 28’ of FIGS. 7-9
and similar features such as the metering section 31 and flared section 24 will not be
reaundantly described in detail hereinafter. Each of the cooling passages 40 may
further include a plurality of upstream paths 34a, 34b and 34c which are similar to the
upstream path 34 of each of the cooling passages 28’, and may each have a branch
section 42a, 42b or 42c substantially parallel to a respective metering section 31 of the
downstream paths 30a and 30b. Each of the upstream paths 34a, 34b and 34c may

define respective inlet openings 36a, 36b and 36¢c. The upstream paths 34a and 34c¢

may be connected directly to the respective downstream paths 30a and 30b while the
upstream path 34b may be connected directly to both downstream paths 30a and 30b.
All downstream paths 30a, 30b and all upstream paths 34a, 34b and 34c of each of the

cooling passages 40 may be connected together in fluid communication.

Similar to the cooling passage 28’ of FIGS. 7-9, the outlet openings 32a and 32b of
cooling passage 40 may be defined on the hot surface of the combustor liner and the
Inlet openings 36a, 36b and 36¢ of cooling passage 40 may be defined on the cold

surface of the combustor liner.
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Optionally, the sum of the inlet opening areas (the combined cross-section of inlet
openings 36a, 36b and 36¢) may be equal to the sum of the metering sections 31 (the

combined cross-section of the metering sections of the respective downstream paths
30a and 30b). The sum of the flow areas at the outlet openings 32a and 32b may be
larger than the sum of two metering sections 31 in order to provide film cooling of the

combustion liner 20.

During take-off, particles of dirt may be present in the ambient air surrounding the
alrcraft, which can enter the engine, particularly in the vicinity of the combustor cold
surface 24. Therefore, a lower limit to the size of the inlet openings 36 and the
upstream paths 34 may desirable to prevent the inlet openings 34 from becoming
obstructed by a build-up of dirt particles up to say 0.020” in diameter. It may be
applicable for the inlet openings 36 and the upstream paths 34 to be larger than this to

avoid plugging with dirt.

t is also noted that a cooling passage with more than one inlet opening would be fault
tolerant. If one of the more than one inlet openings was to become plugged with dirt,
the other inlet openings could still supply cooling air flow to one or more metering

sections and the flared sections.

A conventional effusion cooling hole is usually a straight cylindrical passage the length
of which is dictated by the thickness of the combustor liner and the angle of the hole
with respect to the combustor liner surfaces. Some of the described embodiments of
the cooling passages enhance in-hole heat convection by increasing the cooling
passage length and shaping it to cover more surface area per hole network than a

traditional effusion hole configuration, resulting in increased cooling efficiency of a

single skin combustor liner. The improved cooling efficiency will result in reduced
cooling air consumption which will in turn have a positive effect on engine efficiency.
The application of such embodiments onto a single skin liner may also result in weight

savings when compared to other low-cooling-air-consumption systems such as double

or multi-walled combustors.

In addition to improving cooling efficiency, some described embodiments of the cooling
passages may make the overall system less dependent on the film cooling mechanism.

This Is desirable in regions where the film tends to mix with the hot gas because the

-9 -
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cooling system having such cooling passages is enabled to maintain efficient

functioning in a larger range of flow conditions.

The above description is meant to be exemplary only, and one skilled in the art will
recognize that changes may be made to the embodiments described without departing
from the scope of the described subject matter. For example, a turbofan gas turbine
engine has been taken as an example to illustrate application of the described subject
matter. Nevertheless, the described subject matter may also be applicable to gas
turbine engines of other types. The above-described embodiments relate to a
combustor liner, however the cooling passages according to the described
embodiments, may also be applicable to other turbine components, such as heat
shields, turbine shrouds, etc. The described embodiments illustrate but do not limit the
configurations of cooling passages. Various alternative configurations are applicable
but cannot be exhaustively described herein. Still other modifications which fall within
the scope of the described subject matter will be apparent to those skilled in the art, in

ight of a review of this disclosure, and such modifications are intended to fall within the

appended claims.

- 10 -
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CLAIMS:
1. A turbine component, comprising:

a structure having a hot surface for being exposed to hot combustion gases
and a cold surface for being exposed to cooling air, the hot and cold

surfaces being opposite each other; and

a plurality of cooling passages extending through a body of the structure
between the hot and cold surfaces, at least one of the cooling passages

comprising:

a plurality of upstream paths defining a plurality of inlet openings on the
cold surface and merging into a downstream path that defines an

outlet opening on the hot surface.

2. The turbine component as defined in claim 1 wherein the downstream path
comprises a metering section having a constant cross-section, and a flared

section defining said outlet opening.

3. The turbine component as defined in claim 2 wherein the constant cross-
section of the metering section is smaller than a combined cross-section of the

upstream paths.

4. The turbine component as defined in claim 2 wherein the constant cross-
section of the metering section is greater than any individual cross section of

the respective upstream paths.

5. The turbine component as defined in claim 1 wherein the upstream paths each

comprise a substantially constant cross section.

0. The turbine component as defined in claim 2 wherein the metering section and
at least a portion of the respective upstream paths are parallel to the hot

surface of the turbine component.

- 11 -
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The turbine component as defined in claim 1 wherein the downstream path
comprises a flared section having a rectangular cross-section defined between
opposed surfaces and between opposed sides, the opposed sides being
normal to the hot surface and one of the opposed surfaces that faces away
from the cold surface defining an angle with respect to the hot surface, the

angle being less than 20 degrees.

The turbine component as defined in claim 7 wherein the flared section defines
a flared section central axis extending at an oblique angle with respect to the
hot surface, the opposed sides of the flared section each defining an angle

with respect to the central axis less than 12 degrees.

The turbine component as defined in claim 7 wherein the opposed surfaces of

the flared section define therebetween an angle less than 12 degrees.

A turbine component comprising:

a structure having a hot surface for being exposed to hot combustion gases
and a cold surface for being exposed to cooling air, the hot and cold

surfaces being opposite each other; ana

a plurality of cooling passages extending through a body of the structure from
the cold surface to the hot surface, at least one of the cooling passages
comprising a plurality of upstream paths defining respective Iniet
openings on the cold surface and merging into a number of downstream

paths defining respective outlet openings on the hot surface.

The turbine component as defined in claim 10 wherein the number of

downstream paths is fewer than the number of upstream patns.

The turbine component as defined in claim 10 wherein the number of

downstream paths is equal to the number of upstream paths.

_ 12 -
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The turbine component as defined in claim 10 wherein at least one of the
downstream paths comprises a metering section having a constant cross-

section, and a flared section which defines one of said outlet openings.

The turbine component as defined in claim 10 wherein at least one of the
upstream paths comprises a section thereof parallel to the hot surface and an
inlet section defining one of said inlet openings, the one of said inlet openings
being in fluid communication with the parallel section of the at least one of the

upstream paths.

The turbine component as defined in claim 10 wherein the at least one of the
cooling passages comprises a metering section interconnecting the plurality of

the upstream paths and a number of the downstream paths.

The turbine component as defined in claim 13 wherein the at least one of the

upstream paths comprises a section thereof parallel to the metering section

A turbine component, comprising:

a structure having a hot surface for being exposed to hot combustion gases
and a cold surface for being exposed to cooling air, the hot and cold

surfaces being opposite each other; ana

a plurality of cooling passages extending through a body of the structure
between the hot and cold surfaces, each of the cooling passages

comprising:

a plurality of upstream paths defining respective inlet openings on the
cold surface and extending from the respective inlet openings

inwardly into the body; and

a plurality of downstream paths connected with the upstream paths and
extending toward the hot surface to define respective outlet

openings on the hot surface, all of the upstream and downstream

- 13 -
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paths being connected together, each of the downstream paths

including a metering section having a constant cross-section ana

a flared section defining one of said outlet openings.

The turbine component as defined in claim 17 wherein the upstream paths

comprise first, second and third upstream paths connected together and

connected to the downstream paths.

The turbine component as defined in claim 17 wherein the downstream paths

comprise first and second downstream paths connected to the upstream

paths.

The turbine component as defined in claim 17 wherein the upstream paths
comprise a respective section substantially parallel to a respective metering
section of the downstream paths, and being substantially parallel to the hot

surface.

- 14 -
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