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(54) Methods and apparatus for injecting fluids in gas turbine engines

(57) A nozzle support for a gas turbine engine is an-
nular and comprises at least one gas injector assembly
(40) comprising a plenum (42) and an integrally-formed
injector (44). The plenum comprises an exterior surface
(42) and an interior surface (50). The plenum interior

surface defines a cavity (52) within the plenum. The in-
jector comprises an inlet (72), an outlet (74), and a pas-
sageway (70) extending therebetween. The injector is
oriented at an injection angle (θ) that is oblique with re-
spect to the plenum exterior surface.
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Description

[0001] This application relates generally to gas tur-
bine engines and, more particularly, to methods and ap-
paratus for injecting fluids in gas turbine engines.
[0002] Known gas turbine engines include a compres-
sor for compressing air which is mixed with a fuel and
channeled to a combustor wherein the mixture is ignited
within a combustion chamber for generating hot com-
bustion gases. The hot combustion gases are chan-
neled downstream to a turbine, which extracts energy
from the combustion gases for powering the compres-
sor, as well as producing useful work to propel an aircraft
in flight or to power a load, such as an electrical gener-
ator. Accordingly, during operation, components down-
stream from the combustion chamber are exposed to
combustion gases, and over time, continued exposure
to combustion gases may increase an operating tem-
perature of such components.
[0003] To facilitate reducing component operating
temperatures, at least some known engines include
cooling injection systems which discharge a cooling fluid
towards the components. More specifically, at least
some known cooling injection systems include a plural-
ity of injectors coupled to an annular plenum. The annu-
lar plenum facilitates providing a substantially uniform
flow to the plurality of circumferentially-spaced injectors,
which then discharge the cooling flow downstream.
More specifically, the cooling air is discharged from the
injectors at a pre-desired injection angle to prevent from
inducing turbulence in the flow downstream from the in-
jectors. However, such cooling injection systems may
be costly and time-consuming to assemble because of
the plurality of welds that must be completed and be-
cause of engine space constraints.
[0004] In one aspect, a method for fabricating a noz-
zle support for a gas turbine engine is provided. The
method comprises forming an annular assembly includ-
ing a plurality of circumferentially-spaced gas injector
assemblies, wherein each gas injector assembly in-
cludes a plenum and a unitarily formed injector that ex-
tends outwardly from an outer surface of the plenum,
and forming a passageway through the injector such
that the passageway extends between an inlet and an
outlet, and is obliquely aligned with respect to the ple-
num exterior surface.
[0005] In another aspect, a nozzle support for a gas
turbine engine is provided. The nozzle support is annu-
lar and includes at least one gas injector assembly in-
cluding a plenum and an integrally-formed injector. The
plenum includes an exterior surface and an interior sur-
face. The plenum interior surface defines a cavity within
the plenum. The injector includes an inlet, an outlet, and
a passageway extending therebetween and through the
injector. The injector is oriented at an injection angle that
is oblique with respect to the plenum exterior surface.
[0006] In a further aspect, a gas turbine engine in-
cludes an annular nozzle support including a plurality of

circumferentially-spaced gas injector assemblies. Each
of the gas injector assemblies includes a plenum and
an injector formed unitarily with the plenum. The plenum
includes an exterior surface and an interior surface. The
plenum interior surface defines a cavity within the ple-
num. The injector includes an inlet, an outlet, and a pas-
sageway extending therebetween. The injector extends
from the plenum exterior surface at an injection angle
that is oblique measured with respect to the plenum ex-
terior surface.
[0007] The invention will now be described in greater
detail, by way of example, with reference to the draw-
ings, in which:-

Figure 1 is schematic illustration of a gas turbine
engine;

Figure 2 is a plan view of an upstream side of a noz-
zle support including a gas injector system that may
be used with the gas turbine engine shown in Figure
1;

Figure 3 is a partial plan view of the downstream
side of the nozzle support shown in Figure 2;

Figure 4 is a cross-sectional view of the nozzle sup-
port shown in Figure 2 taken along line 4-4 (shown
in Figure 2); and

Figure 5 is a perspective schematic view of a portion
of the gas injector system shown in Figure 2.

[0008] Figure 1 is a schematic illustration of a gas tur-
bine engine 10 including, in serial flow arrangement, a
fan assembly 12, a high-pressure compressor 14, and
a combustor 16. Engine 10 also includes a high-pres-
sure turbine 18 and a low-pressure turbine 20. Engine
10 has an intake side 28 and an exhaust side 30. In one
embodiment, engine 10 is a CF-34 engine commercially
available from General Electric Aircraft Engines, Cincin-
nati, Ohio.
[0009] In operation, air flows through fan assembly 12
and compressed air is supplied to high-pressure com-
pressor 14. The highly compressed air is delivered to
combustor 16. Airflow from combustor 16 is directed
through a turbine nozzle assembly 32 to drive turbines
18 and 20, and turbine 20 drives fan assembly 12. Tur-
bine 18 drives high-pressure compressor 14.
[0010] Figure 2 is a plan view of upstream side 30 of
a nozzle support 32 including a gas injector system 34
that may be used with gas turbine engine (shown in Fig-
ure 1). Figure 3 is a partial plan view of a downstream
side 36 of nozzle support 32. Figure 4 is a cross-sec-
tional view of nozzle support 32 taken along line 4-4
(shown in Figure 2). Figure 5 is a perspective schematic
view of a portion of gas injector system 34. Nozzle sup-
port 32 is annular and is formed unitarily with gas injector
system 34.
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[0011] Gas injector system 34 includes a plurality of
integrally-formed gas injector assemblies 40 that extend
around nozzle support 32 for injecting cooling fluid
downstream from support 32 at a predetermined injec-
tion angle. More specifically, injector assemblies 40 are
circumferentially-spaced and each assembly 40 in-
cludes a hollow plenum 42 and a unitarily-formed injec-
tor 44. Plenum 42 is formed by a plenum wall 46 that
includes an exterior surface 48 and an interior surface
50. Interior surface 50 defines a cavity 52 within plenum
42.
[0012] Plenum 42 is considered a thin-walled plenum,
and plenum wall 46 has a thickness T1 that is measured
between plenum interior and exterior surfaces 50 and
48, respectively. In one embodiment, plenum wall thick-
ness T1 is less than approximately 0.20 inches.
[0013] Nozzle support upstream side 30 includes a
plurality of circumferentially-spaced openings 60 that
are in flow communication with plenum cavity 52. Spe-
cifically, openings 60 enable cooling fluid supplied from
a source (not shown) to enter plenum cavity 52. In the
exemplary embodiment, openings 60 are each circular.
In an alternative embodiment, openings 60 are non-cir-
cular. Nozzle support downstream side 36 also includes
a plurality of circumferentially-spaced discharge pas-
sages 62 that are in flow communication with cavity 52.
Discharge passages 62 permit cooling fluid to be dis-
charged from plenum cavity 52. In one exemplary em-
bodiment, each passage 62 has a tear-drop cross-sec-
tional profile. In another embodiment, passage 62 have
a non-tear-drop shaped cross-sectional profile.
[0014] Each injector 44 is formed unitarily with plenum
42 and includes a fluid passageway 70 defined therein
and extending between an inlet 72 and an outlet 74.
Passageway 70 extends through plenum wall 46 such
that passageway inlet 72 is positioned within plenum
cavity 52. In the exemplary embodiment, injector 44 is
substantially right cylindrical and passageway 70 is sub-
stantially straight therethrough. Accordingly, passage-
way 70 has a circular cross-sectional area, and has a
diameter D1 that is substantially constant between inlet
72 and outlet 74. In an alternative embodiment, pas-
sageway diameter D1 is variable between inlet 72 and
outlet 74. In another alternative embodiment, passage-
way 70 has a non-circular cross-sectional area.
[0015] Each injector 44 extends obliquely through ple-
num wall 52 and obliquely from plenum exterior surface
48. Accordingly, injector passageway 70 extends ob-
liquely through plenum wall 52, and is obliquely posi-
tioned with respect to plenum exterior surface 48. More
specifically, injector passageway 70 is positioned at a
pre-defined injection angle θ measured between a pas-
sageway centerline axis 80 and plenum exterior surface
48. Injection angle θ is greater than about zero degrees.
More specifically, in one embodiment, injection angle θ
is between approximately fifty and seventy degrees. In-
jection angle θ, as described in more detail below, ena-
bles fluid to be discharged from plenum cavity 52 in a

direction 82 that is substantially tangential to a direction
84 of ambient fluid flowing past injector 44 and substan-
tially parallel to plenum exterior surface 48. It should be
noted that because exterior surface 48 is curved, angle
0 is defined at a specified location with respect to sur-
face 48.
[0016] Injector 44 and passageway 70 have a length
L measured between passageway inlet 72 and outlet 74.
Passageway length L and diameter D1 are variably se-
lected to facilitate stabilizing fluid flow through passage-
way 70. In one embodiment, a ratio of passageway
length L to passageway diameter D1 is at least two to
one. More specifically, passageway length L, diameter
D1, and injection angle θ are variably selected based on
cooling fluid requirements in a specific system incorpo-
rating gas injector system 34. Passageway length L, and
injection angle θ are also dependant on the manufactur-
ing process used to create passageway 70. In one em-
bodiment, injector length L is selected such that pas-
sageway outlet 74 is substantially flush with, or re-
cessed radially inwardly from plenum exterior surface
48. In another embodiment, injector length L is selected
such that passageway inlet 74 is substantially flush with,
or recessed within plenum interior surface 50.
[0017] During operation, cooling fluid supplied to gas
injector system 34 is discharged downstream by gas in-
jector assemblies 40. Specifically, gas is discharged
from plenums 42 through injectors 44. More specifically,
the combination of the injector passageway diameter
D1, and injector passageway length L facilitate stabiliz-
ing fluid flow flowing through injector passageway 70 pri-
or to the cooling fluid being discharged downstream. Be-
cause injectors 44 extend obliquely from each plenum
42, cooling fluid discharged from injectors 44 is intro-
duced substantially tangentially to ambient fluid flowing
past injectors 44 such that swirling is induced to the cool-
ing fluid as it is discharged from nozzle support 32. Ac-
cordingly, gas injector system 34 facilitates providing a
substantially circumferential uniform flow downstream
from nozzle support 32.
[0018] During fabrication, each unitary gas injector
assembly 40 is formed such that plenum 42 and injector
44 are integrally formed. More specifically, in the exem-
plary embodiment, each assembly 40 is cast, and then
each injector passageway 70 is formed therein using a
machining process. In an alternative embodiment, a dif-
ferent fabrication process is used to form each unitary
gas injector assembly 40. In the exemplary embodi-
ment, each passageway 70 is formed using an electro-
discharge machining process. Because gas injector as-
sembly 40 is formed as a unitary body, gas injector sys-
tem 34 may be installed in engines 10 wherein space
and access constraints would prohibit known multi-
piece assemblies from being coupled therein.
[0019] The above-described gas injector system pro-
vides a cost-effective and highly reliable method for sup-
plying a substantially uniform flow circumferentially
downstream in a gas turbine engine. The gas injector
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system includes a plurality of gas injector assemblies
that each include a unitarily formed plenum and injector.
Accordingly, a gas injector system is provided that facil-
itates reducing assembly costs while improving reliabil-
ity in a cost-effective and reliable manner.
[0020] Exemplary embodiments of gas injector as-
semblies are described above in detail. The gas injector
assemblies are not limited to the specific embodiments
described herein, but rather, components of each as-
sembly may be utilized independently and separately
from other components described herein. Each gas in-
jector assembly component can also be used in combi-
nation with other gas injector assembly components.

Claims

1. A nozzle support (32) for a gas turbine engine (10),
said nozzle support is annularand comprising at
least one gas injector assembly (40) comprising a
plenum (42) and an integrally-formed injector (44),
said plenum comprising an exterior surface (42)
and an interior surface (50), said plenum interior
surface defining a cavity (52) within said plenum,
said injector comprising an inlet (72), an outlet (74),
and a passageway (70) extending therebetween,
said injector oriented at an injection angle (θ) that
is oblique with respect to said plenum exterior sur-
face.

2. A nozzle support (32) in accordance with Claim 1
wherein said injector passageway (70) is config-
ured to induce swirling into fluid flow discharged
from said injector (44).

3. A nozzle support (32) in accordance with Claim 1
or 2 wherein said plenum (42) has a thickness (T1)
measured between said interior surface (50) and
said exterior surface (48) that is less than
approximately .200 inches.

4. A nozzle support (32) in accordance with Claim 1,
2 or 3 wherein said injector injection angle (θ) is be-
tween approximately fifty and seventy degrees
measured with respect to said plenum exterior sur-
face (48).

5. A nozzle support (32) in accordance with any pre-
ceding Claim wherein said injector passageway
(70) is formed by a machining process.

6. A nozzle support (32) in accordance with any one
of Claims 1 to 4 wherein said injector passageway
(70) is formed by an electro-discharge machining
process.

7. A nozzle support (32) in accordance with any pre-
ceding Claim wherein said nozzle support is formed

by a casting process.

8. A nozzle support (32) in accordance with any pre-
ceding Claim wherein a cross-sectional diameter
(D1) of said injector passageway (70) is variable be-
tween said injector inlet (72) and injector outlet (74).

9. A gas turbine engine (10) comprising an annular
nozzle support (32) comprising a plurality of circum-
ferentially-spaced gas injector assemblies (40),
each said gas injector assembly comprises a ple-
num (42) and an injector (44) formed unitarily with
said plenum, said plenum comprising an exterior
surface (48) and an interior surface (50), said ple-
num interior surface defines a cavity (52) within said
plenum, said injector comprising an inlet (72), an
outlet (74), and a passageway (70) extending ther-
ebetween, said injector extends from said plenum
exterior surface at an injection angle (θ) that is ob-
lique measured with respect to said plenum exterior
surface.

10. A gas turbine engine (10) in accordance with Claim
9 wherein each said gas injection assembly (40) in-
jector induces swirling into fluid flow discharged
from said injector (70).
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