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'ABSTRACT OF THE DISCLOSURE

Fuel-air heat exchange system and methods thereof for use in a gas turbine

engine. The fuel-air heat exchanger allows heat transfer between a flow of cooling

air used to cool components of the engine and a flow of fuel used to drive the engine.
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HEAT EXCHANGER INTEGRATED WITH FUEL NOZZLE

BACKGROUND
[0001] The present disclosure relates generally to gas turbine engines, and

more specifically to cooling air systems of a gas turbine engine.

[0002] Gas turbine engines are used to power aircraft, watercraft, power
generators, and the like. Gas turbine engines typically include a compressor, a
combustor, and a turbine. The compressor compresses air drawn into the engine and
delivers high pressure air to the combustor. In the combustor, fuel is mixed with the
high pressure air and i1s ignited. Products of the combustion reaction in the combustor
are directed into the turbine where work is extracted to drive the compressor and,
sometimes, an output shaft.

[0003] Components in the turbine may be exposed to high temperatures from
products of the combustion reaction in the combustor. Cooling of these components
can present design challenges. Efficient coordination and/or use of heat can improve

performance.

SUMMARY

[0004] The present application discloses one or more of the features recited in
the appended claims and/or the following features which, alone or in any
combination, may comprise patentable subject matter.

[0005] According to an aspect of the present disclosure, a gas turbine engine
may include a power train including a compressor, combustor, and a furbine, the
compressor arranged to compress air, the combustor including a combustion
chamber arranged to receive compressed air and fuel for combustion to form exhaust
products, the turbine including a rotor and blade extending from the rotor to receive
exhaust products expanding across the blades to drive rotation of the rotor, an outer
casing defining a high pressure cavity adapted to receive compressed air from the
compressor, the combustion chamber arranged at least partly within the high

pressure cavity, and a fuel injector. The fuel injector may include a nozzle configured

27163-275832/LWA11849

CA 3000372 2018-04-05



2.

to discharge fuel into the combustion chamber, a stem secured to and penetrating
through the outer casing, the stem fluidly coupled with the nozzle and configured to
conduct fuel to the nozzle, and

a microchannel fuel-air heat exchanger integral with the stem and including a body
having a fuel passageway fluidly coupled with the nozzle to pass fuel and a cooling
air passageway arranged in thermal communication with the fuel passageway to
transmit heat to fuel within the fuel passageway. The microchannel heat exchanger
may be arranged outside of the high pressure cavity and secured with the outer
casing.

[0006] In some embodiments, the outer casing may include a port defined
therethrough. The stem may be arranged to extend through the port. In some
embodiments, the outer casing may include a transfer passage arranged in fluid
communication with each of the high pressure cavity and the cooling air passage to
direct compressed air from the high pressure cavity into the cooling air passage. In
some embodiments, the transfer passage may extend through the port.

[0007] In some embodiments, the microchannel fuel-air heat exchanger may
include a hood defining an exchanger cavity, the hood secured with the outer casing.
In some embodiments, the stem may extend through the hood into the high pressure
cavity. In some embodiments, the stem may include a fuel supply port arranged In
fluid communication with the fuel passageway to provide fuel from outside the high

pressure cavity and a fuel receiving port arranged in fluid communication with the fuel

passageway to receive fuel for conducting fuel to the nozzle.

[0008] In some embodiments, the body of the microchannel heat exchanger
may be arranged within the exchanger cavity. The stem may extend through the
body.

[0009] In some embodiments, the fuel injector may include a check valve
arranged within the stem to maintain pressure with the fuel passageway. In some
embodiments, the check valve may be arranged within the stem at the outer casing.
In some embodiments, the check valve may be arranged within the stem at the outer

casing within the high pressure cavity.
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According to another aspect of the present disclosure, a fuel injector for a gas turbine
engine may include a nozzle configured to discharge fuel into a combustion chamber
of the gas turbine engine, a stem fluidly coupled with the nozzle and configured to
conduct fuel to the nozzle, and a microchannel fuel-air heat exchanger integral with
the stem and including a body having a fuel passageway fluidly coupled with the
nozzle to pass fuel and a cooling air passageway arranged in thermal communication
with the fuel passageway to transmit heat to fuel within the fuel passageway. The
microchannel heat exchanger may include a mounting platform secured with the
stem for mounting the stem within the gas turbine engine.

[0010] In some embodiments, the outer casing may include a port defined
therethrough and the stem may be arranged to extend through the port. In some
embodiments, the microchannel fuel-air heat exchanger may include a transfer
passage extending through the mounting platform and arranged in fluid
communication with the cooling air passage to direct compressed air into the cooling
air passage.

[0011] In some embodiments, the microchannel fuel-air heat exchanger may
include a hood defining an exchanger cavity. In some embodiments, the stem may
extend through the hood.

[0012] In some embodiments, the stem may include a fuel supply port
arranged in fluid communication with the fuel passageway to provide fuel into the

body and a fuel receiving port arranged in fluild communication with the fuel

passageway to receive fuel for conducting fuel to the nozzie.

[0013] In some embodiments, the body of the microchannel heat exchanger
may be arranged within the exchanger cavity. The stem may extend through the
body.

[0014] In some embodiments, the fuel injector may include a check valve
arranged within the stem to maintain pressure with the fuel passageway. In some
embodiments, the check valve may be arranged at the mounting platform within the
stem downstream from the body.

[0015] These and other features of the present disclosure will become more

apparent from the following description of the illustrative embodiments.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Fig. 1 is a cut-away perspective view of a gas turbine engine showing
that the engine includes a fan, a compressor, a combustor, and a turbine;

[0017] Fig. 2 is a partial sectional view of the gas turbine engine of Fig. 1
showing that a fuel injector is coupled to an outer combustor case aft of the
compressor and forward of the combustor and suggesting that air from the
compressor is directed through a heat exchanger integrated into the fuel injector to
transfer heat to fuel products also flowing through the heat exchanger before
injection into a combustion cavity;

[0018] Fig. 3 is an enlarged view of Fig. 2 showing that the heat exchanger is
integral with a stem of the injector which extends into a high pressure cavity of the
combustor to a nozzle arranged at an inlet to a combustion chamber (right), and
showing that the heat exchanger is secured to the outer casing as an integral part of
the stem;

[0019] Fig. 4 is an enlarged view of a portion of the fuel injector of Fig. 3
showing that the heat exchanger includes a hood housing a body having
microchannels for passing fuel and air in heat exchange to heat the fuel, a conduit
section of the stem penetrates through the heat exchanger body and the outer casing
to provide fuel to the nozzle, and showing that that a fuel check valve Is arranged

downstream from the heat exchanger body within the high pressure cavity.

DETAILED DESCRIPTION

[0020] For the purposes of promoting an understanding of the principles of the
disclosure, reference will now be made to a number of illustrative embodiments
illustrated in the drawings and specific language will be used to describe the same.
[0021] An illustrative gas turbine engine 10 includes a fan 12, a compressor
14, a combustor 16, and a turbine 18 as shown in Fig. 1. The fan 12 and the
compressor 14 are illustratively driven by the turbine 18 to provide air for engine use.
The compressor 14 compresses and delivers air to the combustor 16. The

combustor 16 mixes fuel with the compressed air received from the compressor 14
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and ignites the fuel. From the combustor 16, the hot, high-pressure exhaust products
of the combustion reaction are directed into the turbine 18. The turbine 18
illustratively includes a rotor 20 and blades 22 extending radially from the rotor 20 to
receive expansion of the exhaust products causing the rotor 20 to rotate about a
central axis A and to drive the compressor 14 and the fan 12. As used herein,
directional references generally relate to the central axis A of the engine 10. In some
embodiments, any suitable configuration of turbomachinery components including a
combustor and turbine may be applied.

[0022] Preheating fuel before delivery to the combustor 16 can provide
performance and/or efficiency gains. One source of waste energy which can provide
heat to the fuel is compressor discharge and/or bleed air. The cooled source of
waste heat, for example, compressed air that has provided heat to the fuel, can be
used as cooling air for other areas of the gas turbine engine, for example, within the
turbine 18. Performing such air-to-fuel heat exchange near the location of fuel input
for combustion can avoid and/or reduce risks, such as, inadvertent combustion.
[0023] As shown in Fig. 2, the combustor 16 illustratively includes an outer
casing 24 defining a cavity 26 therein. The cavity 26 of the outer casing 24
illustratively provides a high-pressure plenum for high-pressure products flowing
within the combustor 16. The cavity 26 includes a compressed air inlet 34 for
receiving compressed air from the compressor 14. The combustor 16 illustratively
includes a combustion liner 28 defining a combustion chamber 30 for combustion of
the fuel and air mixture. A plurality of circumferentially spaced fuel injectors 32 are

illustratively arranged about the combustion chamber 30 to provide fuel for

combustion.

[0024] As shown in Fig. 2, the fuel injectors 32 illustratively extend radially

from outside the outer casing 24 to an inlet 36 of the combustion liner 28. The fuel
injectors 32 illustratively penetrate through the outer casing 24 to enter to the cavity
26. Each fuel injector 32 illustratively includes a heat exchanger 38 for transferring
heat to the fuel before injection into the combustion chamber 30.

[0025] Heating combustible fuel can present challenges including the potential

for ignition. In adapted use of gas turbine engines for aerospace applications, fuel in
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the area of the fuel injectors can reach near-critical conditions. Maintaining safe and
effective fuel heating can be of particular concern. By performing heat transfer to the
fuel at a location closely in proximity to the combustion chamber 30, the
instantaneous volume of heated fuel can be reduced. For example, by reducing the
distance between the point of heat exchange and the injection point (here the inlet 36
of the combustion chamber 30), the transport volume of heated fuel can be reduced
and thus the risk and/or the impact of inadvertent combustion of fuel can be curtailed.
[0026] As shown in Fig. 2, each fuel injector 32 illustratively includes a stem 40
fluidly coupled to receive pressurized fuel from a fuel system (indicated as 41) and a
nozzle 42 fluidly coupled with the stem 40 and arranged near the combustion liner 28
to distribute fuel into the combustion chamber 30. The heat exchanger 38 Is
illustratively formed integral with the stem 40 to heat fuel that flows through the stem
40 towards the nozzle 42. The integrated arrangements of the present disclosure
combine the heat exchanger 38 with the stem 40 and can conserve space and
design while reducing residual hot fuel.

[0027] Referring now to Fig. 3, the heat exchanger 38 is illustratively secured
to the outer casing 24 and positioned outside of the cavity 26. Arranging the heat
exchanger 38 outside of the cavity 26 can provide less obstruction within the high-
pressure areas of the combustor 16, including cavity 26. The stem 40 extends
through the outer casing 24 to deliver fuel to the nozzle 42 and illustratively provides

cooled cooling air (represented by arrows 44) to an inner portion 90 of the gas

turbine engine 10.

[0028] As shown In Fig. 4, the stem 40 of each fuel injector 32 includes a
conduit section 45 that penetrates through the outer casing 24. The heat exchanger
38 is illustratively formed as a microchannel heat exchanger including a cooling air
passageway 46 and a fuel passageway 48. The heat exchanger 38 illustratively

includes a number of sheets 50 stacked together and defining a number of
microchannels 52, 54 in thermal communication with each other. The microchannels
52, 54 illustratively include cooling air microchannels 52 which conduct cooling air
therethrough and fuel microchannels 54 that conduct fuel therethrough. In the

illustrative embodiment, the microchannels 52, 54 are embodied as arranged
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alternating between the sheets 50 and each being in thermal communication with at
least the adjacent microchannels 52, 54.

[0029] In the illustrative embodiment as shown in Fig. 4, the cooling air
passageway 46 receives (hot) cooling air for providing heat to the fuel. The cooling
air passageway 46 illustratively includes an inlet 56 formed as a gap defined at the
penetration of the conduit section 45 through the outer casing 24. The Inlet 56
illustratively communicates with a manifold 58 for distribution of (hot) cooling air from
the cavity 26 to the microchannels 52 to provide heat to the fuel. The cooling air
passageway 46 illustratively includes an outlet 66 formed as a hole penetrating
through the conduit section 45 of the stem 40 to permit (cooled) cooling air to enter
the conduit section 45. In the illustrative embodiment, a (cooled) cooling air conduit
64 is arranged within the stem 40 for transporting (cooled) cooling air within the stem
40, while separated from fuel.

[0030] As shown in Fig. 4, the fuel passageway 48 illustratively receives fuel
through the stem 40 into the conduit section 45 from the fuel system 41. The fuel
passageway 48 illustratively includes an inlet 60 for receiving fuel from the conduit
section 45 into a fuel manifold 62 for distribution to the microchannels 54 to receive
heat from the cooling air. The fuel passageway 48 illustratively includes an outlet 59
for providing heated fuel from the microchannels 54 into the conduit section 45. The
conduit section 45 illustratively includes a divider 69 that fluidly separates the inlet 60
from the outlet 59 within the conduit 45, but in some embodiments, the divider 69
may permit some fuel therethrough or may be excluded, such that less than all of the
fuel through the stem 40 passes through the microchannels 54.

[0031] In the illustrative embodiment, the heat exchanger 38 is formed as a
printed circuit heat exchanger. The microchannels 52, 54 are illustratively formed as
etchings impressed onto the sheets 50. The sheets 50 collectively define a heat
exchanger body 68. The sheets 50 are illustratively stacked and diffusion bonded to
form the body 68 having the microchannels 52, 54 as part of the cooling air and fuel
passageways 46, 48, respectively. The microchannel construction of the heat

exchanger 38 provides compact design and reduces layout space near the
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combustor 16. In some embodiments, the microchannels 52, 54 and/or the body 68
may be formed by any suitable process.

[0032] As shown In Fig. 4, the heat exchanger 38 is formed as a structural
portion of the stem 40. The heat exchanger 38 illustratively includes the body 68 and
a hood 70 that is secured with the outer casing 24 and defines a pressure cavity 72
therein for housing the body 68. The fuel injector 32 illustratively includes a flange 74
extending from the conduit section 45. The flange 74 is illustratively formed integral
with the conduit section 45 for structurally supporting connection between the stem
40 and the outer casing 24.

[0033] The outer casing 24 illustratively includes a pad 76 embodied as a
thickened area formed integrally with the outer casing 24 for receiving the flange 74.
The outer casing 24, including the pad 76, defines a port 78 as the penetration
through which the conduit section 45 extends and in which the inlet 56 of the cooling
air passageway 46 is defined. The flange 74 illustratively includes holes 80
extending therethrough in communication with the inlet 56 and the cooling air
manifold 58 to provide cooling air from the cavity 26.

[0034] In the illustrative embodiment as shown in Fig. 4, the flange 74 is
mounted onto the pad 76 and the hood 70 Is mounted onto the flange 74. The hood
70 tlustratively forms a fluid seal with the flange 74 to seal the cavity 72. Fasteners
82 illustratively penetrate through each of the hood 70 and the flange 74 and have

threaded engagement within fastener holes of the pad 76 to secure the fuel injector

32 with the outer casing 24. The hood 70 illustratively includes an opening 84

penetrating therethrough and receiving the conduit section 45. The opening 84 is

fluidly sealed with the conduit section 45 to seal the cavity 72.

[0035] The heat exchanger 38 Is illustratively embodied to have a generally
cylindrical shape. The body 68 of the heat exchanger 38 is illustratively formed of
circular sheets 50 each including a central hole such that when stacked a penetration
Is formed through the body to receive the conduit section 45 of the stem 40. In the
iHustrative embodiment, the circular shape of the heat exchanger body 68 permits the

cooling air and fuel manifolds 58, 62 to extend circumferentially around the conduit
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45 for communication through the body 68. In some embodiments, the heat
exchanger 38 may be formed to have any suitable shape and/or arrangement.
[0036] As shown in Fig. 4, the fuel injector 32 illustratively includes a check
valve 88 for maintaining pressure within the fuel passageway 48. |n the illustrative
embodiment, the check valve 88 is arranged within the conduit section 45 In
communication with the fuel. The check valve 88 is illustratively arranged near the
outer casing 24, namely, near the pad 76. In the illustrative embodiment, the check
valve 88 is arranged within the high pressure cavity 26, downstream from the body
70 of the heat exchanger 38 in the fuel flow direction. Arranging the check valve 88
away from the combustion chamber 30 can reduce the temperature to which the
valve 88 and its components are exposed.

[0037] Returning briefly to Fig. 3, (cooled) cooling air (represented at arrows
44) is directed to an inner portion 90 of the gas turbine engine 10 as previously
mentioned. The fuel injector 32 illustratively includes a conduit 92 arranged In
communication with the cooling air conduit 64 to direct (cooled) cooling air through
the inner portion 90 of the engine and into an inner wheel cavity 94 of the turbine 18.
The cooling air can be vented from the inner wheel cavity 94 into the flow path of the
combustion products for cooling, for example, at an inlet to the turbine 18 (outlet of
combustor 96) and/or through turbine components (e.g., blades 22). In some
embodiments, (cooled) cooling air may be directed outside of the outer casing 26
(instead of to the inner portion 90 or in addition to cooling air sent to the inner portion
90) for using in various areas of the engine 10. In some embodiments, the heat
exchanger 38 may be arranged to discharge more than one distinct stream of cooling
air where the streams have different temperatures, for example, for different uses. In
some embodiments, the heat exchanger body 68 may be divided into more than one
distinct cooling sections (for example, left and right sections as shown in Fig. 4, the
right side including an optional stream of cooling air shown within conduit 98 distinct
from that within conduit 64, and venting outside of the casing 24), each producing a
distinct cooling air stream with appropriate temperature.

[0038] In the illustrative embodiment, each of the plurality of fuel injectors 32

includes one dedicated heat exchanger 38 formed integral therewith. In some
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embodiments, a single heat exchanger 38 may heat fuel provided to more than one
nozzle 42. In the illustrative embodiment, the combustion liner 28 is annular to define
an annular combustion chamber 30. In some embodiments, the combustion liner 28
includes a plurality of individual combustion liners or cans defining a plurality of
circumferentially spaced combustion chambers with one or more fuel injectors 32
associated with each combustion chamber.

[0039] The present disclosure includes devices, systems, and methods for
cooling of gas turbine cooling air as a means to enable improved engine efficiency by
enabling a higher Overall Pressure Ratio (OPR). Providing Cooled Cooling Air (CCA)
allows increased compressor exit and rotor inlet temperatures and/or reduced
amounts of cooling air, which can result in improvement in engine efficiency. The
heat sink considered for cooling the CCA may be either air or fuel. Regardless of
heat sink, cooling the CCA by directing high pressure compressor bleed air outside of
the engine case to a dedicated heat exchanger can require extensive air tubing
which can add weight, complexity, and cost relative to an uncooled cooling air
system. Devices, systems, and methods within the present disclosure can avoid
those issues while providing the benefits of the heat exchange. The use of fuel as a
heat sink for turbine cooling air is thermodynamically desired, but routing high
temperature (above its auto-ignition temperature) fuel through long runs of tubing
outside the engine case poses fire risks.

[0040] To reduce the fire risk, the present disclosure includes integrating Fuel
Cooled Air Cooler (FCAC) modules with the fuel injectors. The FCAC can be located
on the outside of the injector’'s case mounting pad with sufficient containment
features to retain compressor discharge air and fuel within the injector assembly. For
compactness and mechanical robustness, embodiments of the present disclosure
may include that the heat exchanger core is formed of a laminated foil / printed circuit
microchannel type design and construction.

[0041] The integrated FCAC module disclosed herein can reduce obstruction
of the combustor gas path flow if located within the high pressure cavity upstream of
the combustor inlet 36. The openings in the outer casing required to install the fuel

Injector may be reduced and/or made minimal. According to embodiments of the
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present disclosure, the amount of high temperature fuel and air flowing through tubes
or ducts outside the outer casing can be reduced. The volume of high temperature
fuel can be reduced because hot fuel is only present in the fuel injector assembly.
This fuel may be immediately sent to the combustor for burning.

[0042] Overall weight of the CCA system can be reduced because various
tubes, ducts, and associated mounting brackets can be reduced and/or eliminated for
both air and fuel circuits. The air-to-fuel heat exchange function can be transferred
from a single monolithic unit to smaller modules distributed among the fuel injectors
and can reduce the consequences of a single point failure compared to fewer heat
exchangers, including the risk/magnitude of inadvertent combustion.

[0043] In some embodiments, the FCAC can be easily removed and replaced
as part of the fuel injector. The laminated microchannel heat exchanger core may
provide more structural robustness and leak-resistance than other designs, for
example, larger shell-tube type units, although other types of heat exchanger
arrangements may be applied.

[0044] The present disclosure includes embodiments in which the FCAC is
moved out of the combustor gas path, but communicates directly with the high
pressure environment of the cavity 26. The pressure retaining and flow sealing
features of the outer combustor casing 24 are maintained by using a high pressure
cover, hood, or case that houses the FCAC core. This high pressure cover may be
integrated with the fuel nozzle and may attach to the combustor casing. The high
pressure cover may enable a smaller hole in the combustor case to allow for the
Insertion of the fuel nozzle stem and aero tip. The area around the stem may provide
a fiow path for (hot) compressor discharge air into the FCAC core.

[0045] Embodiments within the present disclosure include heat exchanger
cores in the proposed location may be circular, square, generally conforming to the
shape and size of the existing injector mounting/sealing flange. The volume required
to size the heat exchanger core for its desired cooling duty may be taken as an
Increase in the core thickness in the engine’s radial direction. In some embodiments,
increasing the size (footprint along the outer casing) of the injector mounting/sealing

flange is not precluded if radial packaging constraints dictate.
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[0046] The present disclosure includes arranging the heat exchanger out of
the primary gas flowpath of the engine 10. This can create room to insert a check
valve downstream of the heat exchanger in a thermal environment that is relatively
benign. The check valve located downstream of the heat exchanger core can
maintain fuel pressure above its critical point and can avoid boiling in the heat
exchanger. This reduces problems that may be encountered when locating such a
pressure-maintaining device closer to the high temperature environment of the
injector aero tip.

[0047] Because such a valve is desirable for a fuel cooled air cooler that heats
fuel above its boiling range, regardless of heat exchanger location, a description of
this valve’s characteristics may include that the valve can be sized to provide needed
fuel flow at conditions where the cooling air is being cooled (and fuel is heated), while
inducing a pressure drop that keeps the fuel pressure above it's critical value (for
example but without limitation, within the range of about 350 psia to about 500 psia),
depending on fuel specification. This behavior may be accomplished with a set of
springs acting on the pintle of the check valve, with the spring immersed In the
flowing fuel for keep the spring relatively cool. Because spring rate typically
decreases with increasing temperature, the spring set may be designed to produce
the proper cracking pressure and flow restriction over the anticipated fuel
temperature range. An over-balanced check valve could also be used to provide the
same function that has a controlling orifice area.

[0048] Devices, systems, and methods within the present disclosure may
include provision for the cooled cooling air flow to be transferred to either outside of
the outer casing and/or to the inner core of the engine or both. The resulting cooling
streams may be cooled to two different temperatures by dividing the heat exchanger
core (body) into two separate sections. In some embodiments, a hot fluid flow other
than compressor discharge may be used with or in place of cooling air to provide
heat to the fuel within the injector integrated heat exchanger. The present disclosure
includes provision for substituting a compact electrically heated core in place of the
FCAC for the purpose of rejecting waste heat from the engine that has been

converted to electric power. Rejecting this power to the fuel serves to return waste
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heat to the cycle, thereby improving engine performance. In some embodiments,
heat to the fuel may be provided by a refrigerant rejecting heat from a power and/or
cooling cycle.

[0049] While the disclosure has been illustrated and described in detail in the
foregoing drawings and description, the same Is to be considered as exemplary and
not restrictive in character, it being understood that only illustrative embodiments
thereof have been shown and described and that all changes and modifications that

come within the spirit of the disclosure are desired to be protected.
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What is claimed is:

1. A gas turbine engine comprising

a power train including a compressor, combustor, and a turbine, the
compressor arranged to compress air, the combustor including a combustion
chamber arranged to receive compressed air and fuel for combustion to form exhaust
products, the turbine including a rotor and blade extending from the rotor to receive
exhaust products expanding across the blades to drive rotation of the rotor,

an outer casing defining a high pressure cavity adapted to receive
compressed air from the compressor, the combustion chamber arranged at least
partly within the high pressure cavity, and

a fuel injector including

a nozzle configured to discharge fuel into the combustion
chamber,

a stem secured to and penetrating through the outer casing, the
stem fluidly coupled with the nozzle and configured to conduct fuel to the
nozzle, and

a microchannel fuel-air heat exchanger integral with the stem
and including a body having a fuel passageway fluidly coupled with the nozzle
to pass fuel and a cooling air passageway arranged in thermal communication
with the fuel passageway to transmit heat to fuel within the fuel passageway,

wherein the microchannel heat exchanger is arranged outside of the

high pressure cavity and secured with the outer casing.

2. The gas turbine engine of claim 1, wherein the outer casing
includes a port defined therethrough and the stem is arranged to extend through the

port.

3. The gas turbine engine of claim 2, wherein the outer casing

includes a transfer passage arranged in fluid communication with each of the high

pressure cavity and the cooling air passage to direct compressed air from the high

pressure cavity into the cooling air passage.
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4. The gas turbine engine of claim 3, wherein the transfer passage

extends through the port.

d. The gas turbine engine of claim 1, wherein the microchannel
fuel-air heat exchanger includes a hood defining an exchanger cavity, the hood

secured with the outer casing.

6. The gas turbine engine of claim 5, wherein the stem extends

through the hood into the high pressure cavity.

/. The gas turbine engine of claim 6, wherein the stem includes a
fuel supply port arranged in fluid communication with the fuel passageway to provide
fuel from outside the high pressure cavity and a fuel receiving port arranged in fluid

communication with the fuel passageway to receive fuel for conducting fuel to the

nozzle.

8. The gas turbine engine of claim 5, wherein the body of the
microchannel heat exchanger is arranged within the exchanger cavity and the stem
extends through the body.

9. The gas turbine engine of claim 1, wherein the fuel injector

includes a check valve arranged within the stem to maintain pressure with the fuel

passageway.

10.  The gas turbine engine of claim 9, wherein the check valve Is
arranged within the stem at the outer casing.

11.  The gas turbine engine of claim 10, wherein the check valve Is

arranged within the stem at the outer casing within the high pressure cavity.
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12. A fuel injector for a gas turbine engine, the fuel injector
comprising

a nozzle configured to discharge fuel into a combustion chamber of the
gas turbine engine,

a stem fluidly coupled with the nozzle and configured to conduct fuel to
the nozzle, and

a microchannel fuel-air heat exchanger integral with the stem and
including a body having a fuel passageway fluidly coupled with the nozzle to pass
fuel and a cooling air passageway arranged in thermal communication with the fuel
passageway to transmit heat to fuel within the fuel passageway,

wherein the microchannel heat exchanger includes a mounting platform

secured with the stem for mounting the stem within the gas turbine engine.

13.  The fuel injector of claim 12, wherein the outer casing includes a

port defined therethrough and the stem is arranged to extend through the port.

14.  The fuel injector of claim 13, wherein the microchannel fuel-air
heat exchanger includes a transfer passage extending through the mounting platform
and arranged in fluid communication with the cooling air passage to direct

compressed air into the cooling air passage.

15.  The fuel injector of claim 12, wherein the microchannel fuel-air

heat exchanger includes a hood defining an exchanger cavity.

16.  The fuel injector of claim 15, wherein the stem extends through
the hood.

17.  The fuel injector of claim 16, wherein the stem includes a fuel
supply port arranged in fluid communication with the fuel passageway to provide fuel
into the body and a fuel receiving port arranged in fluid communication with the fuel

passageway to receive fuel for conducting fuel to the nozzle.
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18. The fuel injector of claim 15, wherein the body of the
microchannel heat exchanger is arranged within the exchanger cavity and the stem

extends through the body.

19.  The fuel injector of claim 12, wherein the fuel injector includes a

check valve arranged within the stem to maintain pressure with the fuel passageway.

20.  The fuel injector of claim 19, wherein the check valve is arranged

at the mounting platform within the stem downstream from the boqy.
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