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(54) COOLED COMBUSTOR LINER GROMMET

(57) A combustor liner grommet (146; 146’; 146") is
disclosed. The grommet (146; 146’; 146") may include a
peripheral wall (150) defining a hole in a combustor liner
(135) and further including at least one cooling air flow
channel. The cooling air flow channel in the grommet wall

(150) may be a slot (162; 164) or a hole (166). The chan-
nel may increase cooling flow to the grommet (146; 146’;
146") and the combustor liner (135) around the grommet
to prevent cracking from heat stress.
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Description

Field of the Disclosure

[0001] The present disclosure generally relates to gas
turbine engines and, more specifically, relates to grom-
mets used with combustor liners in gas turbine engines.

Background of the Disclosure

[0002] A gas turbine engine, typically used as a source
of propulsion in aircraft or for power generation, largely
operates by drawing in ambient air into a compressor,
mixing that compressed air with a fuel in a combustor,
igniting the air and fuel mixture, and then directing the
resulting exhaust gases from the combustion process
into a turbine.
[0003] Typically, an igniter generates an electrical
spark to ignite the air-fuel mixture. The products of the
combustion and the remains of the air-fuel mixture then
travel out of the combustion chamber as exhaust and
through the turbine. The turbine, having a plurality of
blades extending from a center body, is forced to rotate
as the exhaust passes through the turbine blades. The
turbine and the compressor are connected to a common
shaft running through the center of the engine. Thus, as
the turbine rotates due to the influx of the expanding ex-
haust gases, the compressor in turn is caused to rotate
and bring in and compress new air. Once started, it can
thereby be seen that this process is self-sustaining.
[0004] Combustion chambers for gas turbine engines
typically are annular in shape, and are defined by a com-
bustor shell having a liner. An air passage is typically
formed between the combustor shell and the liner to pro-
vide cooling air. More specifically, the combustor shell
may include an outer combustor shell and an inner com-
bustor shell, each having an associated liner. An outer
liner may be disposed radially inside the outer shell and
an inner liner may be disposed radially outside of the
inner shell. The combustion chamber is the resulting an-
nular space defined between the inner and outer liners.
[0005] In such a combustor, one or more igniters are
disposed circumferentially around the annular combus-
tion chamber, with each igniter typically being disposed
in an opening extending through the outer combustor
shell and the outer liner and into the combustion cham-
ber. A separate opening is provided for each igniter. In
some combustion chambers, the liners may be segment-
ed into panels, with one of the panels of the outer liner
being designated as an igniter panel and having the
aforementioned openings for disposition of the igniters.
[0006] The air exiting the compressor in such an en-
gine is typically split or bifurcated, with a portion of the
compressed air being used for combustion, and a portion
of the compressed air being used for cooling purposes.
To prevent the compressed air typically used for cooling
the combustion chamber from entering the combustion
chamber through the openings provided for the igniters,

a seal and grommet are typically disposed around each
igniter. But for such seals, any influx of the cooling air
around the igniters may degrade engine performance in
terms of reliable ignition, maintenance of the proper ratio
of air to fuel, and disruption of the flow of the air-fuel
mixture in the combustion chamber.
[0007] While effective, as gas turbine combustion en-
gines have advanced, temperatures in the combustion
chamber, and more specifically the areas around the ig-
niters, have increased during operation. These increased
temperatures can detrimentally affect engine compo-
nents, including the outer liner and outer combustor shell.
For example, a crack in the outer liner and/or outer com-
bustor shell in the area around the igniter can form from
excessive heating of the area around the igniter. Defor-
mations of the outer liner and/or outer combustor shell
can also cause degradation in igniter performance, there-
by decreasing engine efficiency and possibly necessitat-
ing repair or replacement of such components.

Summary of the Disclosure

[0008] In accordance with one aspect of the disclosure,
a grommet of a combustor liner is disclosed. The grom-
met may include a peripheral wall defining a hole in the
liner. At least one cooling air flow channel may be in the
peripheral wall.
[0009] In a refinement, the at least one cooling air flow
channel in the peripheral wall may be a slot.
[0010] In another refinement, the at least one cooling
air flow channel in the peripheral wall may be a hole.
[0011] In a further refinement, the at least one cooling
air flow channel spans at least 126 degrees around a
circumference of the peripheral wall.
[0012] In another refinement, a plurality of cooling air
flow channels may be provided in the peripheral wall.
[0013] In another refinement, the plurality of cooling air
flow channels may be equidistantly spaced around the
circumference of the peripheral wall.
[0014] In another refinement, about 35% of a circum-
ference of the wall may be occupied by the plurality of
cooling air flow channels.
[0015] In accordance with another aspect of the dis-
closure, a combustor liner is disclosed. The combustor
liner may include a panel at least partially defining a com-
bustion chamber and having at least one opening. The
liner may further include a grommet proximate the open-
ing and having a peripheral wall, with the wall having at
least one cooling air flow channel.
[0016] In a refinement, the combustor liner opening is
adapted to receive an igniter.
[0017] In another refinement, the at least one cooling
air flow channel is a slot.
[0018] In another refinement, the at least one cooling
air flow channel is a hole.
[0019] In another refinement, the slot spans at least
126 degrees around a circumference of the peripheral
wall.
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[0020] In yet another refinement, a plurality of cooling
air flow channels are provided in the peripheral wall.
[0021] In another refinement, the plurality of cooling air
flow channels are equidistantly spaced around the cir-
cumference of the peripheral wall.
[0022] In another refinement, about 35% of a circum-
ference of the peripheral wall may be occupied by the
plurality of cooling air flow channels.
[0023] In accordance with yet another aspect of the
disclosure, a method of cooling a combustor liner grom-
met and combustor liner is disclosed. The method may
include providing grommet at an opening of the combus-
tor liner with the grommet having a peripheral wall with
at least one cooling air flow channel, and communicating
cooling air through the at least one cooling air flow chan-
nel in the grommet.
[0024] In a refinement, the method further includes pro-
viding a plurality of cooling air flow channels in the pe-
ripheral wall and wherein the communicating involves
directing cooling air through each of the cooling air flow
channels.
[0025] In another refinement, the method further in-
cludes providing the grommet at an igniter opening in the
combustor liner, positioning an igniter in the igniter open-
ing, and communicating the cooling air through the at
least one cooling air flow channel proximate the igniter.
[0026] In yet another refinement, the method further
includes creating a film of cooling air exiting the cooling
air flow channel against an inside surface of the combus-
tor liner.
[0027] In other refinement, the method further includes
cooling the grommet and combustor liner by at least 200
degrees Fahrenheit with the cooling air exiting the at least
one cooling air flow channel in the peripheral wall.
[0028] These and other aspects and features of the
present disclosure will be better understood in light of the
following detailed description when read in light of the
accompanying drawings.

Brief Description of the Drawings

[0029]

FIG. 1 is a cross sectional view of a gas turbine en-
gine constructed in accordance with the present dis-
closure.
FIG. 2 is a cross sectional view of a combustion
chamber constructed in accordance with the present
disclosure.
FIG. 3 is a sectional view of a combustor liner, grom-
met, and sliding seal assembly constructed in ac-
cordance with one embodiment of the present dis-
closure.
FIG. 4 is a perspective view of the combustor liner
and grommet of FIG. 3.
FIG. 5 is a perspective view of a combustor liner and
grommet constructed in accordance with another
embodiment of the present disclosure.

FIG. 6 is a sectional view of the combustor liner and
grommet of FIG. 5, along with a sliding seal assem-
bly.
FIG. 7 is a perspective view of a combustor liner and
grommet constructed in accordance with yet another
embodiment of the present disclosure.
FIG. 8 is a sectional view of the combustor line and
grommet of FIG. 7, along with a sliding seal assem-
bly.

[0030] It should be understood that the drawings are
not necessarily to scale and that the disclosed embodi-
ments are sometimes illustrated diagrammatically and in
partial views. In certain instances, details which are not
necessary for an understanding of this disclosure or
which render other details difficult to perceive may have
been omitted. It should be understood, of course, that
this disclosure is not limited to the particular embodi-
ments illustrated herein.

Detailed Description

[0031] Referring now to the drawings, and with specific
reference to FIG. 1 and FIG. 2, a gas turbine engine con-
structed in accordance with the teachings of the present
disclosure is generally referred to by reference numeral
100, is disclosed. As shown, the gas turbine engine 100
may include an engine housing 102, with engine supports
104 connecting internal components of the gas turbine
engine 100 to the engine housing 102. In addition, the
engine 100 may include a plurality of axially aligned com-
ponents starting with a compressor section 106. The
compressor section 106 draws in ambient air 107 and
compresses same to form compressed air 108. The com-
pressor section 106 may include a plurality of blades 109
radially extending from a first end 110 of a shaft 112. The
shaft 112 may run through the radial center 114 of the
gas turbine engine 100.
[0032] A portion of the compressed air 108 enters a
combustor 116, disposed downstream of the compressor
section 106, as combustion air 118, and a remainder of
the compressed air 108 is used as cooling air 120 as will
be described in further detail herein. After being mixed
with fuel delivered by fuel injectors 121 and ignited, ex-
haust gases 122 are generated. The hot and expanding
exhaust gases 122 then pass through a turbine
section124 disposed axially downstream of the combus-
tor 116. Similar to the compressor section 106, the turbine
section 124 may include a plurality of blades 126. The
turbine blades 126 may be connected to a second end
128 of the shaft 112. The exhaust gases 122 cause the
turbine section 124 to rotate, which in turn causes the
compressor section 106 to rotate as well.
[0033] As seen in FIG. 2, the combustor 116 may in-
clude a combustion chamber 130 that may be defined
by an outer combustor shell 132 and an inner combustor
shell 133. In the depicted embodiment, the combustor
chamber 130 is annular in shape. A plurality of the fuel
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injectors 121 may be circumferentially arrayed around
the annular combustion chamber 116 and be positioned
such that fuel may be injected into the combustion cham-
ber 130 at desired locations for most effective combus-
tion. As also shown in FIG. 2, the outer combustor shell
132 may have an outer liner 135 disposed radially inward
from the outer combustor shell 132. Similarly, the inner
combustor shell 133 may have an inner liner 137 dis-
posed radially outward from the inner combustor shell
133. In so doing, it can be seen that the inner combustor
shell 133 and inner liner 137 are radially inside of the
outer combustor shell 132 and outer liner 135 and thereby
cooperate to define the annularly shaped combustion
chamber 130. Moreover, the outer liner 135 and inner
liner 137 cooperate to form a barrier protecting the outer
combustor shell 132 and inner combustor shell 133, re-
spectively, from the high temperature exhaust gases 122
within the combustion chamber 130.
[0034] As indicated above, not all of the compressed
air 108 is used for combustion. Rather, some com-
pressed air 108 is used to cool the engine 100 as well.
In order to do so, flowpaths for the cooling air 120 are
provided. More specifically, air passages 138 are formed
between the outer combustor shell 132 and the outer
liner 135, and between the inner combustor shell 133
and the inner liner 137. The air passages 138 allow the
cooling air 120 to pass therethrough to cool backsides
139 of both liners 135 and 137. In addition, a plurality of
air injection holes 140 may be provided in the outer liner
135 and inner liner 137 to allow the cooling air 120 to
pass from the air passages 138 and through the liners
135 and 137. In so doing, the cooling air 120 gains access
to inside surfaces 141 of the outer liner 135 and inner
liner 137, thereby reducing the temperature of the liners
135 and 137 from both sides.
[0035] As also shown in FIG. 2, at least one igniter 142
is provided to ignite the air and fuel mixture within the
combustion chamber 130. An igniter opening 144 is ac-
cordingly provided through the outer combustor shell 132
and outer liner 135 to allow for the igniter 142 to be mount-
ed and extend therethrough. In some embodiments, the
outer liner 135 is formed from a series of panels arrayed
in annular fashion, and the actual panel in which the ig-
niter 142 is mounted is referred to as the "igniter panel",
but this is not always the case and for purposes of this
specification it is important to simply understand that the
igniter panel is just a part of the outer liner 135.
[0036] The igniter opening 144 terminates at, and is
defined by, a grommet 146. The grommet 146 may be
unitary with the outer liner 135 or be a separate piece
mounted therein. In order to ensure the cooling air 120
does not undesirably pass around the igniter 142 through
the igniter opening 144, a slider seal assembly 148 may
be disposed proximate the igniter opening 144 to receive
the igniter 142 in fluid tight fashion. While grommets and
slider seals have been known in the prior art in this regard,
the present disclosure drastically departs from conven-
tional approaches by providing cooling passages in the

grommet as will now be described in further detail.
[0037] Referring now to FIGs. 3 and 4, a first embod-
iment of the grommet 146 is shown in further detail. As
shown, the grommet 146 may include a peripheral, gen-
erally cylindrical, wall 150 upwardly extending from a cir-
cumferential flange 152. The peripheral wall 150 defines
a grommet interior aperture 154 which may extend to-
ward the combustion chamber 130 within the igniter
opening 144. However, it is to be understood that the
grommet 146 of the present disclosure need not be used
only within igniter openings, but rather could be employed
with equal efficacy with other openings including, but not
limited to, nozzles openings, dilution holes, and the like.
[0038] The slider seal assembly 148 may include a slid-
er seal housing 156 and a slider seal 158. The slider seal
housing 156 may be mounted to outer combustor shell
132, with the slider seal 158 mounted onto the slider seal
housing 156. The slider seal 158 may prevent passage
of the air-fuel mixture from the combustion chamber 130
into the free space of the engine 100 or the atmosphere,
while at the same time preventing cooling air 120 from
entering the combustion chamber 130 through the grom-
met interior aperture 154. In addition, the outer combus-
tor shell 132 may be disposed on a top surface 160 of
the grommet wall 150 to further prevent passage of cool-
ing air 120.
[0039] While conventional grommets and sliders seals
are known, as indicated above, as modern engine tem-
peratures have increased, cracks or other deformations
in inner liner or grommet have become increasingly com-
mon. In order to combat this phenomenon, the present
disclosure provides the grommet 146 with one or more
machined slots or apertures to thereby provide a flow
path for cooling air 120. Starting with the embodiment of
FIGS. 3 and 4, it can be seen that grommet wall 150 may
be provided with one large machined slot 162. In so do-
ing, the cooling air 120 is able to pass through the grom-
met wall 150 through the machined slot 162 and thus
provide cooling air 120 to the area around the grommet
146. In the depicted embodiment, the machined slot 162
extends around about 126° of the 360° circumference of
the grommet wall 150, but in other embodiments, arcs of
different lengths are certainly possible.
[0040] Shown in FIG. 5 and 6 is another embodiment
of grommet 146 of the present disclosure. In this embod-
iment, as opposed to one large slot 162, the grommet
wall 150 may include a plurality of slots 164 spaced cir-
cumferentially around the grommet wall 150. The slots
164 may occupy any desirable percentage of the overall
area of the wall 150, but in one embodiment forming the
grommet wall 150 with about 35% of the grommet wall
150 being so slotted was found to be effective. In other
embodiments, a different number of slots 164 may be
disposed in the grommet wall 150, and each slot 164 may
be sized to occupy a greater or lesser percentage of the
overall area of the grommet wall. Moreover, the slots 164
need not be equidistantly spaced around the circumfer-
ence of the wall 150 as shown, and may span less than
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the full 360 degree circumference of the grommet wall
150.
[0041] FIG. 7 and 8 show yet another embodiment of
the grommet 146 of the present disclosure. In this em-
bodiment, as opposed to providing slots in the grommet
wall which extend all the way to and through the top sur-
face 160, passageways for the cooling air 120 may be
provided in the form of one or more holes 166. There
may be any number of holes 166 in the grommet wall
150 wherein each of the holes 166 may have any desired
dimensions. In one embodiment, the holes 166 may oc-
cupy about 35% of the overall area of the grommet wall
150, but different percentages and hole sizes are cer-
tainly possible.
[0042] As used herein, a "hole" is generally defined as
a machined perforation in the grommet wall 150 sur-
rounded on all sides by the grommet wall 150, whereas
a "slot" is generally defined as a machined opening in
the grommet wall 150 which is not surrounded on all sides
by the grommet wall 150. Regardless of whether "holes"
or "slots" are used, each may be referred to as a "channel"
or "cooling air flow channel" herein.
[0043] In operation, it can therefore be seen that the
present disclosure operates by providing a cooling air
flowpath through the igniter panel grommet 146 to thus
cool the grommet 146 and outer liner 135. More specif-
ically, the entire cooling air flow path will now be de-
scribed. Starting at the compressor 106, ambient air 107
is drawn in and compressed to from compressed air 108.
That compressed air 108 is then bifurcated, with a portion
being split off to form cooling air 120. The cooling air 120
then passes into the air passages 138 by way of the air
injection holes 140. While within the air passages 138,
the cooling air 120 is able to cool the backsides 139 of
the outer liner 135. Part of the cooling air 120 then passes
through the outer liner 135 toward the combustion cham-
ber 130 to cool the inside surfaces 141 of the outer liner
135 as well.
[0044] At the same time, a portion of the cooling air
120 may enter the combustor 116 through at least one
of the slots 162 or 164 or holes 166 formed in the grommet
wall 150 depending on the embodiment employed. More
specifically, in the embodiment of FIGS. 3 and 4, the cool-
ing air 120 may flow through the large machined slot 162
and follow an inside surface 167 of the grommet wall 152
to the hot inside surface 141 of the outer liner 135. At the
hot inside surface 141, the cooling air 120 may enter the
combustion chamber 130 or turn downstream to create
a cooling film 168 along the hot inside surface 141 of the
outer liner 135, thus cooling same. In one test of an en-
gine 100 constructed in this style, the temperature of the
grommet 146 and the outer liner 135 proximate the grom-
met 146 was reduced by as much as 200 degrees Fahr-
enheit, but other reductions are possible.
[0045] Similarly, in the embodiment of the present dis-
closure shown in FIGS. 5 and 6, the cooling air 120 may
pass through the multiple slots 164, while in the embod-
iment of FIGS. 7 and 8, the cooling air 120 may pass

through the plurality of holes 166. In either event, the
cooling air 120 is being communicated to the hot surfaces
of the grommet 146 and outer liner 135, thereby cooling
an area of the engine 100 that heretofore has suffered
from heat stress and potentially cracking.

Industrial Applicability

[0046] From the foregoing, it can be seen that the tech-
nology disclosed herein has industrial applicability in a
variety of settings such as, but not limited to cooling grom-
mets of a combustor liner and the combustor liner around
such grommets in a gas turbine engine. The gas turbine
engine may be used in conjunction with an aircraft for
generating thrust, or in land-based applications for gen-
erating power. Using the teachings of the present disclo-
sure, a combustor liner and a combustor liner grommet
may be constructed to increase cooling flow to reduce
the temperature of the grommet and the combustor liner
around the grommet. This improvement over the prior art
may prevent cracking of the combustor liner around the
grommet during operation, and thus improve the opera-
tion and serviceable life of the engine.
[0047] While the present disclosure has been in refer-
ence to a gas turbine engine and an aircraft, one skilled
in the art will understand that the teachings herein can
be used in other applications as well. It is therefore in-
tended that the scope of the invention not be limited by
the embodiments presented herein as the best mode for
carrying out the invention, but that the invention will in-
clude all embodiments falling within the scope of the
claims.
[0048] The following clauses set out features of the
invention which may or may not presently be claimed in
this application, but which may form the basis for future
amendment or a divisional application.

1. A grommet of a combustor liner, comprising:

a peripheral wall defining a hole in the liner; and

at least one cooling air flow channel in the pe-
ripheral wall.

2. The grommet of clause 1, wherein at least one
cooling air flow channel in the peripheral wall is a slot.

3. The grommet of clause 1, wherein the at least one
cooling air flow channel in the peripheral wall is a
hole.

4. The grommet of clause 2, wherein the at least one
cooling air flow channel spans at least 126 degrees
around a circumference of the peripheral wall.

5. The grommet of clause 1, wherein a plurality of
cooling air flow channels are provided in the periph-
eral wall.

7 8 



EP 3 505 827 A1

6

5

10

15

20

25

30

35

40

45

50

55

6. The grommet of clause 5, wherein the plurality of
channels are equidistantly space around the circum-
ference of the peripheral wall.

7. The grommet of clause 5, wherein about 35% of
a circumference of the peripheral wall is occupied
by the plurality of channels.

8. A combustor liner, comprising:

a panel at least partially defining a combustion
chamber, the panel having at least one opening;
and

a grommet proximate the opening, the grommet
having a peripheral wall, the peripheral wall hav-
ing at least one cooling air flow channel.

9. The combustor liner of clause 8, wherein combus-
tor liner opening is adapted to receive an igniter.

10. The combustor liner of clause 8, wherein the at
least one cooling air flow channel is a slot.

11. The combustor liner of clause 8, wherein at least
one cooling air flow channel is a hole.

12. The combustor liner of clause 10, wherein the
slot spans at least 126° around a circumference of
the peripheral wall.

13. The combustor liner of clause 8, wherein a plu-
rality of cooling air flow channels are provided in the
peripheral wall.

14. The grommet of clause 13, wherein the plurality
of channels are equidistantly spaced around the cir-
cumference of the peripheral wall.

15. The grommet of clause 13, wherein about 35%
of a circumference of the peripheral wall is occupied
by the plurality of channels.

16. A method of cooling a combustor liner and com-
bustor liner grommet, comprising:

providing a grommet at an opening of the com-
bustor liner, the grommet having a peripheral
wall with at least one cooling air flow channel;

communicating cooling air through the at least
one cooling air flow channel in the grommet.

17. The method of clause 16, further including pro-
viding a plurality of cooling air flow channels in the
peripheral wall and wherein the communicating in-
volves directing cooling air through each of the cool-
ing air flow channels.

18. The method of clause 16, further including pro-
viding the grommet at an igniter opening in the com-
bustor liner, positioning an igniter in the igniter open-
ing, and communicating the cooling air through the
at least one cooling air flow channel proximate the
igniter.

19. The method of clause 16, further including cre-
ating a film of cooling air exiting the cooling air flow
channel against an inside surface of the combustor
liner.

20. The method of clause 16, further including cool-
ing the grommet and combustor liner by at least 200
degrees Fahrenheit with the cooling air exiting the
at least one cooling air flow channel in the peripheral
wall.

Claims

1. A grommet (146; 146’; 146") of a combustor liner
(135), comprising:

a peripheral wall (150) defining a hole in the liner;
and
at least one cooling air flow channel in the pe-
ripheral wall (150).

2. The grommet (146") of claim 1, wherein the at least
one cooling air flow channel in the peripheral wall
(150) is a hole (166).

3. The grommet (146; 146’) of claim 1, wherein at least
one cooling air flow channel in the peripheral wall
(150) is a slot (162; 164).

4. The grommet (146) of claim 3, wherein the at least
one cooling air flow channel spans at least 126 de-
grees around a circumference of the peripheral wall
(150).

5. The grommet (146’; 146") of any preceding claim,
wherein a plurality of cooling air flow channels are
provided in the peripheral wall (150).

6. The grommet (146’; 146") of claim 5, wherein the
plurality of channels are equidistantly spaced around
the circumference of the peripheral wall (150).

7. The grommet (146’; 146") of claim 5 or 6, wherein
about 35% of a circumference of the peripheral wall
(150) is occupied by the plurality of channels.

8. A combustor liner (135), comprising:

a panel at least partially defining a combustion
chamber (130), the panel having at least one
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opening; and
a grommet (146; 146’; 146") as claimed in any
preceding claim proximate the opening.

9. The combustor liner (135) of claim 8, wherein com-
bustor liner opening is adapted to receive an igniter
(142).

10. A method of cooling a combustor liner (135) and
combustor liner grommet (146; 146’; 146"), compris-
ing:

providing a grommet (146; 146’; 146") at an
opening of the combustor liner (135), the grom-
met having a peripheral wall (150) with at least
one cooling air flow channel;
communicating cooling air through the at least
one cooling air flow channel in the grommet
(146; 146’; 146").

11. The method of claim 10, further including providing
a plurality of cooling air flow channels in the periph-
eral wall (150) and wherein the communicating in-
volves directing cooling air (120) through each of the
cooling air flow channels.

12. The method of claim 10 or 11, further including pro-
viding the grommet (146; 146’; 146") at an igniter
opening (144) in the combustor liner (135), position-
ing an igniter (142) in the igniter opening (144), and
communicating the cooling air (120) through the at
least one cooling air flow channel proximate the ig-
niter (142).

13. The method of claim 10, 11 or 12, further including
creating a film of cooling air exiting the cooling air
flow channel against an inside surface (141) of the
combustor liner (135).

14. The method of any of claims 10 to 13, further includ-
ing cooling the grommet (146; 146’; 146") and com-
bustor liner (135) by at least 200 degrees Fahrenheit
(111 degrees Celsius) with the cooling air exiting the
at least one cooling air flow channel in the peripheral
wall (150).

15. The method of any of claims 10 to 14, wherein the
at least one cooling air flow channel in the peripheral
wall (150) is a hole (166), and/or wherein a plurality
of cooling air flow channels are provided in the pe-
ripheral wall (150) and optionally the plurality of
channels are equidistantly spaced around the cir-
cumference of the perhipheral wall (150) and/or
about 35% of a circumference of the peripheral wall
(150) is occupied by the plurality of channels.
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