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(57) Abrege/Abstract:

47

A combustor heat shield comprises a heat shield body adapted to be mounted to a combustor wall with a back side of the heat
shield body Iin spaced-apart facing relationship with the combustor wall to define an air gap between the heat shield body and the
combustor wall. At least one nozzle opening Is defined Iin the heat shield bod. The opening Is bordered by a nozzle opening boss.

The boss extends from the back side of the heat shield body across the air gap for sealing engagement with an adjacent part of th
combustor. An annular array of effusion holes Is provided adjacent the nozzle opening boss. The effusion holes extend through tr

heat shield body for passing cooling air from the back side to a
effusion holes on the back side of the heat shield.
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ABSTRACT

A combustor heat shield comprises a hecat shield body adapted to be mounted to a
combustor wall with a back side of the heat shield body In spaced-apart facing
relationship with the combustor wall to define an air gap between the heat shield body
and the combustor wall. At least one nozzle opening is defined in the heat shield bod.
The opening is bordered by a nozzle opening boss. The boss extends from the back
side of the heat shield body across the air gap for sealing engagement with an adjacent
part of the combustor. An annular array of cffusion holes is provided adjacent the
nozzle opening boss. The effusion holes extend through the heat shield body for
passing cooling air from the back side to a front side of the hecat shicld body. IFins arc

interspersed between the effusion holes on the back side of the heat shield.
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COMBUSTOR DOME HEAT SHIELD

TECHNICAL FIELD

The application rclates generally to gas turbine engines and, more

particularly, to combustor dome heat shields.

BACKGROUND OF THE AR'T

Hcat shields such as those used to protect the combustor shells, are exposed
to hot gascs in the primary combustion zone. The amount of coolant available for
cooling the heat shields must be minimized to improve the combustion efficiency and

to reduce smoke, unburned hydrocarbon and CO/NOX emission.

There is a continuing need for improved heat shields and targeted cooling

schemes.

SUMMARY

[n onc aspect, therc is provided a heat shield for a combustor of a gas turbine
cngine, comprising a heat shield body adapted to be mounted to a combustor shell
with a back face of the heat shield body in spaced-apart tacing relationship with the
combustor shell to define an air gap between the heat shield body and the combustor
shell, at least one nozzle opening defined in the heat shield body; a nozzle opening
boss bordering the at least one fuel nozzle opening and configured for extending from
the back facc of the heat shield body across the air gap for secaling engagement with
an adjacent combustor part, an annular array of effusion holes adjacent the nozzle
opening boss, the eftusion holes extending through the heat shield body and

configured to pass cooling air from the back face to a front face of the heat shield

body, and fins interspersed between the etfusion holes on the back side of the heat
shield.

[n a second aspect, there 1s provided a combustor for a gas turbine engine,
comprising: a combustor shell defining a combustion chamber, a heat shicld mounted
to the combustor shell with a back face of the heat shield in spaced-apart facing

relationship with the combustor shell to define an air gap between the heat shield and
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the combustor shell, at least one nozzle opening defined in the heat shield; a nozzle
opening boss bordering the at least one fuel nozzle opening and extending from the
back face ot the heat shield across the air gap into sealing engagement with an
adjacent combustor part, an annular array of effusion holes around the nozzle opening
boss, the cffusion holes extending through the heat shield and configured to pass
cooling air from the back face to a front facc of the heat shicld, and fins interspersed

between the effusion holes on the back face of the heat shield.

[n a third aspect, there is provided a method of cooling a combustor heat
shicld mounted 1n a combustor of a gas turbine engine, the method comprising:
recuperating impingent air directed over an impingement cooled region of the heat
shield and causing it to flow over a non-impingement cooled region surrounded by the
impingement cooled region, increasing heat transfer in the non-impingement cooled
region by causing the air to flow over fins disposed in the non-impingement cooled
region, and cffusion cooling the non-impingement cooled region of the heat shicld by

passing the air through effusion holes defined in the non-impingement cooled region.
DESCRIPTION OIF THE DRAWINGS
Reference 1s now made to the accompanying figures, in which:

Figure 1 is a schematic cross-section view of a turbofan engine having a

straight flow combustor;

IFigure 2 1s an 1sometric view of a dome portion of the combustor of the

cngine shown mn Fig. [;

Figurce 3 is an enlarged 1sometric view of the dome portion of the combustor
Hlustrating mounting details of the combustor dome heat shields against the inner

surface of the combustor shell:

Figure 4 1s an enlarged rear plan view illustrating an impingement hole
pattern in the dome portion of the combustor shell for directing impingement jets over

selected regions of the dome heat shields;

Figure 5 1s a simplified rear 1sometric view of the back side of a scgment of

the combustor dome heat shield illustrating effusion holes and fins around the fucl
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nozzle openings, heat transfer promoting structures, such as pins on the back face of

the heat shield being omitted for clarity;

Figure 6 is a rear plan view of a scgment of the combustor dome heat shield
and 1llustrating the arrangement of ¢ffusion holes, fins and pins on the back face of

the heat shield segment; and

[figure 7 1s a partial view of the combustor dome heat shield tlustrating the

angular orientation of the effusion holes relative to the heat shield body.
DETAILED DESCRIPTION

Fig. | tllustrates a gas turbine engine 10 of a type preferably provided for usc
in subsonic flight, generally comprising in serial flow communication a fan 12
through which ambient air 1s propelicd, a multistage compressor 14 for pressurizing
the air, a combustor 16 in which the compressed air is mixed with fuel and ignited for
gencrating an annular stream of hot combustion gases, and a turbine section 18 for

extracting energy from the combustion gases.

The combustor 16 i1s housed in a plenum supplicd with compressed air from
compressor 14. As shown 1n Fig. 2, the combustor 16 may comprise an annular
combustor shell 20 including a radially mner shell 20a and a radially outer shell 20b,
defining a combustion chamber 22. The combustor 16 has a bulkhead or inlet dome
portion 24. The combustor 16 further has at a downstream end thereof an exit portion
(not shown) for communicating combustion gases with the turbine section 8. As
shown in Fig. |, a plurality of fuel nozzles 28 are mounted to extend through the
dome portion 24 of the combustor 20 to deliver a fuel-air mixture to the combustion

chamber 22.

It 1s understood that the inner and outer shells 20a and 20b may have any
sultable configuration. The inner and outer shells 20a and 20b arc typically made out
of sheet metal, though any suitable material(s) and manufacturing method(s) may be

used.

Referring to Fig. 2, it can be appreciated that circumferentially distributed

dome heat shields 40 are mounted to the dome portion 24 of the inner and outer shells
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20a, 20b inside the combustion chamber 22 to protect the dome portion 24 from the
high temperatures in the combustion chamber 22. The dome heat shiclds 40 are
typically castings made out of high temperature capable materials. Each dome heat
shield 40 has a heat shield body 40a typically provided in the form of a circular scctor
(see Figs. 5 and 6). A plurality of threaded studs 42 (six according to the cxample
shown in Figs. 5 and 6) extends from a back face 44 of the heat shield body 40a and
through correcsponding mounting holes (not shown) defined in the combustor dome.
Self-locking nuts 43 arc thrcadably engaged on the studs 42 from outside of the
combustion chamber 22 for holding the dome heat shiclds 40 tightly against the

combustor dome.

As shown in Fig. 2, circumfierentially spaced-apart fucl nozzle openings 48 are
defined through the combustor dome portion 24 tor allowing mounting of the fucl
nozzles 28 to the combustor 16. At least one corresponding fuel nozzle opening 52
(two in the example illustrated in Figs. 2, 5 and 6) is defined in each of the dome heat
shield bodics 40a and is aligned with a corresponding one of the tuel nozzle openings
48 1n the combustor dome portion 24 for accommodating an assoclated fuel nozzle 28
thercin. The provision of two or more fucl nozzle openings 532 in each heat shield
body 40a reduces the number of heat shields required to cover the dome portion 24,
the number of studs 42, rail, air coolant lcakage, cost and weight when compared 1o

dome heat shields for a single fuel nozzle.

As illustrated in Figs. 2 and 3, a brazed nut 54 is inserted into cach opening 48
and brazed in place. A swirler 55 is mounted concentrically to the opening in cach
brazed nut 54 and extends into the corresponding opening 52 1n the dome heat shield
body 40a. The swirler 35 1s adapted to accommodate an associated one of the fucel

nozzle 28 for injecting fuel into the combustion chamber 22.

As shown in Fig. 3, the back face 44 of each heat shicld body 40a is the cool
side of the heat shield 40, facing the dome portion 24, while the opposed front face 46
1s the hot side, facing the combustion chamber 22. The heat shield body 40a 1s spaced
from the dome portion 24 so that the back face 44 defines a cooling air space or gap
(5. As can be appreciated from Figs. 2, 3, 5 and 6, rails extend from the back face 44

of each heat shield body 40a across the cooling air gap and into sealing engagement
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with the combustor shell 20, thereby compartmentalizing the cooling air gap and
dirccting the cooling air as suited towards targeted areas. As best shown 1n Figs. 5 and
6, the rails may comprises periphery rails 47 along the perimeter of cach heat shicld
body 40a. Also referring concurrently to Figs. 2, 3, 5 and 6, 1t can be seen that each
nozzle opening 32 1s circumscribed on the back face 44 of the nozzle body 40a by a
nozzle opening boss 49, which cxtends across the cooling air gap into scaling

engagement with the swirler 53.

Relatively cool air from the plenum surrounding the combustor 1s admitted in
the compartmentalized cooling air gap GG. As best shown in I1gs. 2 and 4, a plurality
of impingement holes 29 may be defined in the inner and outcr shells 20a and 20b for
directing impingement jets against the back face 44 of the heat shicld bodics 40a.
Dilution holcs 31 may also be provided in the combustor shell for combustion

PUrposes.

More particularly, as shown in Fig. 4, impingement hole patterns are arranged
in the dome portion 24 of the combustor shell 20 to optimize dome heat shield
cooling. FFor instance, the impingement holes 29 may be laser drilled through the outer
shell 20b and the flange of the brazed nut 54 to allow coolant to impinge on the
majority of the back tace ot the dome heat shield bodics 40a. However, it 1s not
possible to laser impingement holes through the swirler 55, and as a result there is an
annular region R1 (sec Figs. 3, 5 and 6) on the dome heat shield bodies 40a around
cach nozzle opening boss 49 which cannot be impingement cooled. The non-
impingement cooled region R1 corresponds to the annular region over which the

swirler 55 extends. Indeed, the swirler 55 blocks impingement jet access to the

surface of the heat shield which is disposed directly thereunder.

As can be appreciated from Figs. 3, 5 and 6, thc non-impingement cooled
rcgion R is not bounded at its outer pcriphery by any scaling rail or flow barrier.
Accordingly, the cooling air which is used to impingement-cool the region R2
extending between region R1 and the closed perimeter defined by the periphery rails
47 1s frec to flow from region R2 to the non-impingement cooled region R1 after
impinging upon the back face 44 ot the heat shield body 40a. That is the impingement

cooled region R2 and the non-impingement cooled regions R are in open fluid flow
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communication. Sealing 1s provided by the nozzle opening bosses 49 at the inner
diameter of the non-impingement cooled region R1. In this way, the impingement air
in region R2 can be re-used to cool down region R1. Such dual use of the cooling air

advantagcously contributes to minimize the amount of cooling air required for the

heat shields 40,

As best shown n Figs. 5 and 6, ctfusion holes 61 arc provided in regions R
around the nozzle opening bosses 49, thereby allowing for cffusion cooling of cach
rcgion R1. More particularly, an annular array which may include one or more
circular rows of effusion holes 61 may be provided at the basc of each nozzle opening
boss 49 concentrically about cach fuel nozzle opening 52 for allowing air flowing
from the surrounding impingement-cooled region R2 to flow through the dome heat
shield body 40a to provide for the formation of a cooling film over the front face 46
of the dome heat shield body 40a. The effusion holes of the inner row can be
circumferentially staggered relative to effusion holes of the outer row. The effusion
holes 61 of both rows may be arranged with a tangential component relative to the
nozzle opening 52, so that the angle O of the axis A of the holes 61, to the hot or front
face 46 ol the heat shield, can be shallow; e.g. 15° to 45° to the plane of the heat
shield. The holes 61 arc oriented so that after leaving the holes the coolant air *swirls’

around the fucl nozzle openings 52.

Cooling of the regions R1 1s improved by adding clongated fins 70 around the
nozzle opening bosses 49. The term ““fin” i1s hercin understood as referring to an
elongated surface that extends from an object to increase the rate of heat transfer to or
from the environment by increasing convection. For instance, the fins could take the
form of trip strips. The fins 70 allow to locally improve heat transfer by increasing the
surface area of the regions R1. The fins 70 are located in the regions R1 and are
arranged tangentially between and generally in the same direction as the cffusion
holes 61. One or more annular rows of fins 70 (two in the iHustrated example) may be
disposed concentrically at the base of the nozzle opening bosses 49. The fins 70 of the
mner row may be circumterentially staggered or generally aligned relative to the fins
70 of the outer row. The fins 70 are interspersed between the effusion holes 61. In the

Hustrated embodiment, each fin 70 of thc inner row of fins is disposed between two
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adjacent effusion holes 61 of the inner row of effusion holes. Likewise, each fin 70 of
the outer row of fins is disposed between two adjacent effusion holes 61 of the outer
row of effusion holes. The longitudinal axis of the fins 70 is generally parallel to the
axis of the ettusion holes 61 in the plane of the heat shield body 40a. The alignment
of the fins 70 with the effusion holes 61 cnsures that when the effusion holes 61 are
laser drilled, the laser does not strike the fins 70. As can be appreciated from Fig. 3,
the height of the fins 70 1s less than the height of the periphery rails 47 and the nozzle
opening bosses 49. That 1s the fins 70 only partly extend across the cooling air gap
(1.e. they are spaced from the combustor shell and, thus, they do not seal). From Fig.
0. it can also be appreciated that the fins 70 ot the inner row of fins extend from the
nozzle opening boss 49, thereby promoting heat transfer up to the mouth of the fuel

nozzle opening 52.

As can bc appreciated trom Figs. 3 and 6, other heat transfer augmentation
features, such as pins 72, can be distributed over the back face 44 of the heat shield
body 40a in the impingement-cooled region R2 to promote turbulence of the cooling

atr within region R2 and to add greater heat transfer area in this region.

In operation, coolant air from the plenum passes through the impingement
holes 29 in the outer shell 20b and the nut 44 and impinges upon the back face 44 of
the dome heat shields in region R2. A portion of the impingement air {flows radially
inwardly to adjacent regions R1 where the air flows over the fins 70 and through the
cttusion holes 61 near each fuel nozzle opening 52, thereby convection cooling region
RI. The air flowing through the cffusion holes 61 provides for the formation of a {ilm

of coolant air over the front face 46 of the heat shields 40.

The above description 1s 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 invention disclosed. For example, the invention can
be provided in any suitable heat shield contiguration and in any suitable combustor
configuration, and 1s not limited to application in turbofan engines. Also, it is
understood that the nozzle opening boss 49 could seal against various adjacent
combustor part not only with a swirler. Still other modifications which fall within the

scope of the present invention will be apparent to those skilled in the art, in light of a
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review of this disclosure, and such modifications are intended to fall within the

appended claims.
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WHA'T IS CLAIM IS:

. A heat shield for a combustor of a gas turbine engine, comprising a heat shield
body adapted to be mounted to a combustor shell with a back face of the heat shield
body in spaced-apart facing relationship with the combustor shell to detine an air gap
between the heat shield body and the combustor shell, at lcast one nozzle opening
defined n the heat shield body, a nozzle opening boss bordering the at [east onc fuel
nozzle opening and configured for extending from the back face of the heat shield
body across the air gap for sealing engagement with an adjacent combustor part, an
annular array of etfusion holes adjacent the nozzle opening boss, the ctfusion holes
extending through the heat shield body and configured to pass cooling air from the
back face to a front face of the heat shield body, and fins interspersed between the

effusion holes on the back side ot the heat shield.

2. The heat shield defined in claim 1, wherein the effusion holes arc aligned

tangentially to the at least one fuel nozzle opening.

3. The heat shield defined in claim 1, wherein an axis ot ecach effuston hole
cxtends at a shallow angle of between 15° and 45° to the plane of the heat shield

body.

4. The heat shicld defined in claim 2, wherein each fin 1s generally aligned
tangentially to the tuel nozzle opening and generally parallel to an axis of the adjacent

cffusion holes.

5. The heat shield defined in claim 1, wherein the fins are aligned parallel to the

adjacent effusion holes.

6. The heat shield detined in claim 1, wherein the annular array of effusion holes
comprises an mner and an outer annular row of cffusion holes, and whercin the fins
comprise an inner and outer annular row of fins, each fin of the iner annular row of
fins cxtending between two adjacent effusion holes of the mnner annular row of

effusion holes, each fin of the outer annufar row of fins extending between two

adjacent cffusion holes of the outer annular row of effusion holes.
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7. The heat shicld defined in claim 1, wherein the fins have a height which 1s less

than that of the nozzte opening boss.

8. The heat shield defined in claim 6, wherein the fins of the nner annular row

have an inner end which extends from the nozzle opening boss.

9. The heat shield detined in claim 1, wherein said eftusion holes and said fins
arc located in a non-impingement cooled region of the heat shield, said non-
impingement cooled region being surrounded by an impingement cooled region, and
wherein said impingement cooled region is n fluid flow communication with said
non-impingement cooled region, and wherein heat transfer augmentation features are

provided in the impingement cooled region.

10. A combustor for a gas turbine engine, comprising: a combustor shell defining
a combustion chamber, a heat shield mounted to the combustor shell with a back face
of the heat shield in spaced-apart facing relationship with the combustor shell 10
define an air gap between the heat shield and the combustor shell, at least onc nozzle
opening defined in the heat shield; a nozzle opening boss bordering the at lcast one
fuel nozzlc opening and extending from the back face of the heat shield across the air
gap into sealing cngagement with an adjacent combustor part, an annular array of
effusion holes around the nozzle opening boss, the effusion holes extending through
the heat shield and configured to pass cooling air from the back face (o a front face of
the heat shield, and fins interspersed between the effusion holes on the back face of

the heat shield.

1. The combustor defined in claim 10, wherein the adjacent combustor part has a
peripheral portion which extends over a first region of the heat shicld around the
nozzle opening boss, said peripheral portion blocking impingement jet access to said
first region of the heat shield, and wherein said effusion holes and said fins arc

disposed in said first region.

12. The combustor defined in claim 11, wherein said adjacent part of the

combustor is a swirler.

- 10 -
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13, The combustor defined in claim [0, whercin impingement holes are defined in
the combustor shell to direct impingement jets over a second region ot the back side
of the heat shield, said second region surrounding said first region and being in fluid

flow communication therewith.

14 The combustor defined in claim 10, wherein the effusion holes each has an

axis aligned tangentially to the at least one fuel nozzle opening.

F

15, The combustor defined in claim 10, wherein the axis of each effusion hole

extends at a shallow angle of between 15° and 45° 1o the planc of the heat shield.

16. The combustor defined in claim 10, wherein each fin is generally aligned
tangentially to the fuel nozzle opening and generally parallel to an axis of the adjacent

effusion holes.

1 7. The combustor defined in claim 10, wherein the fins are aligned paratlel to the

adjacent c¢ffusion holes.

[8. The combustor defined in claim 10, wherein the annular array of effusion
holes comprises an inner and an outer annular row of effusion holes, and wherein the
fins comprises an inner and outer annular row of fins, each fin of the iner annular
row of fins extending between two adjacent cffusion holes of the inner annular row of
ctfusion holes, cach fin of the outer annular row of fins extending between two

adjacent effusion holes of the outer annular row of eftusion holes.

19.  The combustor defined in claim 10, wherein the fins have a height which is

less than that of the nozzle opening boss.

20. The combustor defined in claim [8, wherein the fins of the inner annular row

have an inncr end which extends from the nozzle opening boss.

21. A mcthod of cooling a combustor heat shield mounted in a combustor of a gas
turbine engine, the method comprising: recuperating impingent air directed over an
impingement cooled region of the heat shield and causing it to tlow over a non-

impingement cooled region surrounded by the impingement cooled region, increasing

211 -
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heat transfer in the non-impingement cooled region by causing the air to flow over
fins disposed in the non-impingement cooled region, and ettuston cooling the non-
impingement cooled region of the heat shield by passing the air through cttfusion

holes defined in the non-impingemcnt cooled region.

- 12 -
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