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(54)  Mixer having multiple swirlers

(57) A mixer assembly (50) for use in a combustion
chamber of a gas turbine engine. The assembly (50) in-
cludes a pilot mixer (52) and a main mixer (54). The pilot
mixer (52) includes an annular pilot housing (60) having
a hollow interior (62), a pilot fuel nozzle (64) mounted in
the housing (60) and adapted for dispensing droplets of
fuel to the hollow interior (62) of the pilot housing (60),
and one or more axial swirlers (70,72) positioned up-
stream from the pilot fuel nozzle (64). Each of the pilot
mixer swirlers (70,72) has a plurality of vanes (74,76)
for swirling air traveling through the swirler (70,72) to
mix air and the droplets of fuel dispensed by the pilot
fuel nozzle (64). The main mixer (54) includes a main
housing (90) surrounding the pilot housing (60) and de-
fining an annular cavity (96), an annular fuel injector
(100) having a plurality of fuel injection ports (102, 106)
arranged in a circular pattern surrounding the pilot hous-
ing (60) and mounted inside the annular cavity (96) of
the main mixer (54) for releasing droplets of fuel into
swirling air downstream from the fuel injector (100), and
one or more axial swirlers (110, 112, 114) positioned up-
stream from the plurality of fuel injection ports (102,
106). Each of the main mixer swirlers (110, 112, 114)
has a plurality of vanes (116, 118, 120) for swirling air
traveling through the swirler (110, 112, 114) to mix air
and the droplets of fuel dispensed by the fuel injection
ports (102, 106).
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Description

[0001] The present invention relates generally to gas
turbine engine combustors, and more particularly to a
combustor including a mixer having multiple injectors.
[0002] Fuel and air are mixed and burned in combus-
tors of aircraft engines to heat flowpath gases. The com-
bustors include an outer liner and an inner liner defining
an annular combustion chamber in which the fuel and
air are mixed and burned. A dome mounted at the up-
stream end of the combustion chamber includes mixers
for mixing fuel and air. Ignitors mounted downstream
from the mixers ignite the mixture so it burns in the com-
bustion chamber.

[0003] Governmental agencies and industry organi-
zations regulate the emission of nitrogen oxides (NOx),
unburned hydrocarbons (HC), and carbon monoxide
(CO) from aircraft. These emissions are formed in the
combustors and generally fall into two classes, those
formed due to high flame temperatures and those
formed due to low flame temperatures. In order to min-
imize emissions, the reactants must be well mixed so
that burning will occur evenly throughout the mixture
without hot spots which increase NOx emissions or cold
spots which increase CO and HC emissions. Thus,
there is a need in the industry for combustors having
improved mixing and reduced emissions.

[0004] Some prior art combustors such as rich dome
combustors 10 as shown in Fig. 1 have mixers 12 which
provide a rich fuel-to-air ratio adjacent an upstream end
14 of the combustor. Because additional air is added
through dilution holes 16 in the combustor 10, the fuel-
to-air ratio is lean at a downstream end 18 of a combus-
tor opposite the upstream end 14. In order to improve
engine efficiency and reduce fuel consumption, com-
bustor designers have increased the operating pressure
ratio of the gas turbine engines. However, as the oper-
ating pressure ratios increase, the combustor tempera-
tures increase. Eventually the temperatures and pres-
sures reach a threshold at which the fuel-air reaction
occurs much faster than mixing. This results in local hot
spots and increased NOx emissions.

[0005] Lean dome combustors 20 as shown in Fig. 2
have the potential to preventlocal hot spots. These com-
bustors 20 have two rows of mixers 22, 24 allowing the
combustor to be tuned for operation at different condi-
tions. The outer row of mixers 24 is designed to operate
efficiently at idle conditions. At higher power settings
such as takeoff and cruise, both rows of mixers 22, 24
are used, although the majority of fuel and air are sup-
plied to the inner row of mixers. The inner mixers 22 are
designed to operate most efficiently with lower NOx
emissions at high power settings. Although the inner
and outer mixers 22, 24 are optimally tuned, the regions
between the mixers may have cold spots which produce
increased HC and CO emissions.

[0006] Among the several features of the present in-
vention may be noted the provision of a mixer assembly
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for use in a combustion chamber of a gas turbine engine.
The assembly includes a pilot mixer and a main mixer.
The pilot mixer includes an annular pilot housing having
a hollow interior, a pilot fuel nozzle mounted in the hous-
ing and adapted for dispensing droplets of fuel to the
hollow interior of the pilot housing, and one or more axial
swirlers positioned upstream from the pilot fuel nozzle.
Each of the pilot mixer swirlers has a plurality of vanes
for swirling air traveling through the swirler to mix air and
the droplets of fuel dispensed by the pilot fuel nozzle.
The main mixer includes a main housing surrounding
the pilot housing and defining an annular cavity, an an-
nular fuel injector having a plurality of fuel injection ports
arranged in a circular pattern surrounding the pilot hous-
ing and mounted inside the annular cavity of the main
mixer for releasing droplets of fuel into swirling air down-
stream from the fuel injector, and one or more axial swirl-
ers positioned upstream from the plurality of fuel injec-
tion ports. Each of the main mixer swirlers has a plurality
of vanes for swirling air traveling through the swirler to
mix air and the droplets of fuel dispensed by the fuel
injection ports.

[0007] In another aspect, the mixer assembly of the
present invention includes a main mixer having a plural-
ity of swirlers positioned upstream from the plurality of
fuel injection ports. Each of the main mixer swirlers has
a plurality of vanes for swirling air traveling through the
respective swirler to mix air and the droplets of fuel dis-
pensed by the fuel injection ports.

[0008] Embodiments of the invention will now be de-
scribed, by way of example, with reference to the ac-
companying drawings, in which:

Fig. 1 is a vertical cross section of an upper half of
a conventional rich dome combustor;

Fig. 2 is a vertical cross section of an upper half of
a conventional lean dome combustor;

Fig. 3 is a vertical cross section of an upper half of
a combustor of the present invention;

Fig. 4 is a vertical cross section of a mixer assembly
of a first embodiment of the present invention; and

Fig. 5is a vertical cross section of a mixer assembly
of a second embodiment of the present invention.

[0009] Corresponding reference characters indicate
corresponding parts throughout the several views of the
drawings.

[0010] Referring to the drawings and in particular to
Fig. 3, a combustor of the present invention is designat-
ed in its entirety by the reference number 30. The com-
bustor 30 has a combustion chamber 32 in which com-
bustor air is mixed with fuel and burned. The combustor
30 includes an outer liner 34 and an inner liner 36. The
outer liner 34 defines an outer boundary of the combus-
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tion chamber 32, and the inner liner 36 defines an inner
boundary of the combustion chamber. An annular dome,
generally designated by 38, mounted upstream from the
outer liner 34 and the inner liner 36 defines an upstream
end of the combustion chamber 32. Mixer assemblies
or mixers of the present invention, generally designated
by 50, are positioned on the dome 38. The mixer assem-
blies 50 deliver a mixture of fuel and air to the combus-
tion chamber 32. Other features of the combustion
chamber 30 are conventional and will not be discussed
in further detail.

[0011] As illustrated in Fig. 4, each mixer assembly
50 generally comprises a pilot mixer, generally desig-
nated by 52, and a main mixer, generally designated by
54, surrounding the pilot mixer. The pilot mixer 52 in-
cludes an annular pilot housing 60 having a hollow in-
terior 62. A pilot fuel nozzle, generally designated by 64,
is mounted in the housing 60 along a centerline 66 of
the mixer 50. The nozzle 64 includes a fuel injector 68
adapted for dispensing droplets of fuel into the hollow
interior 62 of the pilot housing 60. It is envisioned that
the fuel injector 68 may include an injector such as de-
scribed in U.S. Patent No. 5,435,884, which is hereby
incorporated by reference.

[0012] The pilot mixer 52 also includes a pair of con-
centrically mounted axial swirlers, generally designated
by 70, 72, having a plurality of vanes 74, 76, respective-
ly, positioned upstream from the pilot fuel nozzle 64. Al-
though the swirlers 70, 72 may have different numbers
of vanes 74, 76 without departing from the scope of the
present invention, in one embodiment the inner pilot
swirler has 10 vanes and the outer pilot swirler has 10
vanes. Each of the vanes 74, 76 is skewed relative to
the centerline 66 of the mixer 50 for swirling air traveling
through the pilot mixer 52 so it mixes with the droplets
of fuel dispensed by the pilot fuel nozzle 64 to form a
fuel-air mixture selected for optimal burning during igni-
tion and low power settings of the engine. Although the
pilot mixer 52 of the disclosed embodiment has two axial
swirlers 70, 72, those skilled in the art will appreciate
that the mixer may include more swirlers without depart-
ing from the scope of the present invention. As will fur-
ther be appreciated by those skilled in the art, the swirl-
ers 70, 72 may be configured alternatively to swirl air in
the same direction or in opposite directions. Further, the
pilot interior 62 may be sized and the pilot inner and out-
er swirler 70, 72 airflows and swirl angles may be se-
lected to provide good ignition characteristics, lean sta-
bility and low CO and HC emissions at low power con-
ditions.

[0013] A cylindrical barrier 78 is positioned between
the swirlers 70, 72 for separating airflow traveling
through the inner swirler 70 from that flowing through
the outer swirler 72. The barrier 78 has a converging-
diverging inner surface 80 which provides a fuel filming
surface to aid in low power performance. Further, the
housing 60 has a generally diverging inner surface 82
adapted to provide controlled diffusion for mixing the pi-
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lot air with the main mixer airflow. The diffusion also re-
duces the axial velocities of air passing through the pilot
mixer 52 and allows recirculation of hot gasses to sta-
bilize the pilot flame.

[0014] The main mixer 54 includes a main housing,
generally designated by 90, comprising an inner shell
92 and an outer shell 94 surrounding the pilot housing
60 so the housing defines an annular cavity 96. The in-
ner shell 92 and outer shell 94 converge to provide thor-
ough mixing without auto-ignition. An annular fuel injec-
tor, generally designated by 100, is mounted between
the pilot inner shell 92 and the outer shell 94. The injec-
tor 100 has a plurality of outward facing fuel injection
ports 102 on its exterior surface 104 and a plurality of
inward facing fuel injection ports 106 on its interior sur-
face 108 for introducing fuel into the cavity 96 of the main
mixer 54. Although the injector 100 may have a different
number of ports 102, 106 without departing from the
scope of the present invention, in one embodiment the
injector 100 has 20 evenly spaced outward facing ports
102 and 20 evenly spaced ports inward facing ports 106.
Although each set of ports 102, 106 is arranged in a sin-
gle circumferential row in the embodiment shown in Fig.
4, those skilled in the art will appreciate that they may
be arranged in other configurations (e.g., in multiple
rows) without departing from the scope of the present
invention. As will be understood by those skilled in the
art, using two rows of fuel injector ports 102, 106 at dif-
ferent radial locations in the main mixer cavity 96 pro-
vides flexibility to adjust the degree of fuel-air mixing to
achieve low NOx and complete combustion under vari-
able conditions. In addition, the large number of fuel in-
jection ports in each row provides for good circumferen-
tial fuel-air mixing. Further, the different radial locations
of the rows may be selected to prevent combustion in-
stability.

[0015] Itis envisioned that the fuel injection ports 102,
106 may be fed by independent fuel stages to achieve
improved fuel/air ratios. The inward facing ports 106
would be fueled during approach and cruise conditions.
It is expected that this would significantly improve both
NOx and combustion efficiency at these conditions com-
pared to current technology. The outward facing ports
102 would only be fueled during takeoff. In addition, it is
envisioned that the fuel ports 102, 106 may be plain jets
or sprayers without departing from the scope of the
present invention.

[0016] The main mixer 54 also includes three concen-
trically mounted axial swirlers, generally designated by
110,112,114, having a plurality of vanes 116, 118, 120
respectively, positioned upstream from the main mixer
fuel injector 100. Although the swirlers may have differ-
ent numbers of vanes 116, 118, 120 without departing
from the scope of the present invention, in one embod-
iment the inner main swirler 110 has 20 vanes, the mid-
dle main swirler 112 has 24 vanes, and the outer main
swirler 114 has 28 vanes. Each of the vanes 116, 118,
120 is skewed relative to the centerline 66 of the mixer



5 EP 1 193 450 A1 6

50 for swirling air traveling through the main mixer 54
so it mixes with the droplets of fuel dispensed by the
main fuel injector 100 to form a fuel-air mixture selected
for optimal burning during high power settings of the en-
gine. Although the main mixer 54 of the disclosed em-
bodiment has three axial swirlers 110, 112, 114, those
skilled in the art will appreciate that the mixer may in-
clude a different number of swirlers without departing
from the scope of the present invention. Further, the
main mixer 54 is primarily designed to achieve low NOx
under high power conditions by operating with a lean
air-fuel mixture and by maximizing the fuel and air pre-
mixing.

[0017] Although the swirlers 110, 112, 114 of the main
mixer 54 may have other configurations without depart-
ing from scope the present invention, in one embodi-
ment the swirlers of the main mixer and the swirlers 70,
72 of the pilot mixer 52 are aligned in a single plane. As
will be appreciated by the skilled in the art, the axial
swirlers 70, 72, 110, 112, 114 of the present invention
provide better discharge coefficients than radial swirl-
ers. Thus, the axial swirlers provide required airflow in
a smaller area than radial swirlers and therefore mini-
mize mixer area.

[0018] The swirlers 110, 112, 114 of the main mixer
54 swirl the incoming air and establish the basic flow
field of the combustor 30. Fuel is injected radially inward
and outward into the swirling air stream downstream
from the main swirlers 110, 112, 114 allowing for thor-
ough mixing within the main mixer cavity 92 upstream
from its exit. This swirling mixture enters the combustor
chamber 32 where it is burned completely.

[0019] The swirlers 110, 112, 114 may be co-swirling
or counter-swirling depending on the desired turbulence
and exit velocity profile of the mixer 54. For instance,
the inner swirler 110 may be co-swirled with the pilot
swirlers 70, 72 to prevent excessive interaction which
would cause higher emissions at idle power settings.
The middle swirler 112 may be co-swirled with the inner
swirler 110 for the same reason. However, the outer
swirler 114 may be counter-swirled to create a strong
shear layer which would improve mixing and lower NOx
emissions at some flame temperatures. In an alternate
embodiment, the inner and outer swirlers 110, 114 would
be co-swirling with the inner swirler 110 and the middle
swirler 112 would be counter-swirling to create two
shear layers in the main mixer cavity 92 to improve mix-
ing and lower NOx emissions. It is envisioned that this
configuration may be beneficial if the shear layer inter-
action between the inner and middle swirlers 110, 112
is found to have little impact on the pilot and idle per-
formance of the main mixer 54.

[0020] A second embodiment of the mixer 130, shown
in Fig. 5, includes a main mixer 54 having an annular
fuel injector, generally designated by 132, mounted be-
tween the inner main swirler 110 and the middle main
swirler 112. The injector 132 has a port 134 at its down-
stream end for introducing fuel into the cavity 96 of the
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main mixer 54. Although the injector 132 may have a
different number of ports 134 without departing from the
scope of the present invention, in one embodiment the
injector has 20 evenly spaced ports. Itis envisioned that
the fuel injector 132 may include injectors such as de-
scribed in U.S. Patent No. 5,435,884. It is further envi-
sioned that every other port 134 around the circumfer-
ence of the injector 132 may be angled inboard and out-
board (e.g., about 30 degrees) with respect to the cen-
terline 66 of the mixer 130 as shown in Fig. 5 to enhance
fuel-air mixing. As the mixer 130 of the second embod-
iment is identical to the mixer 50 of the first embodiment
in all other respects, it will not be described in further
detail.

[0021] In operation, only the pilot mixer 52 is fueled
during starting and low power conditions where stability
and low CO/HC emissions are critical. The main mixer
54 is fueled during high power operation including take-
off, climb and cruise conditions. The fuel split between
the pilot and main mixers 52, 54, respectively, is select-
ed to provide good efficiency and low NOx emissions as
is well understood by those skilled in the art.

[0022] Itis expected thatthe mixers 50, 130 described
above will provide a reduction in NOx emissions of up
to 70 to 80 percent during takeoff compared to 1996 In-
ternational Civil Aviation Organization standards, and
up to 80 to 90 percent at cruise conditions compared to
currently available commercial mixers.

[0023] When introducing elements of the present in-
vention or the preferred embodiment(s) thereof, the ar-
ticles "a", "an", "the" and "said" are intended to mean
that there are one or more of the elements. The terms
"comprising", "including" and "having" are intended to
be inclusive and mean that there may be additional el-
ements other than the listed elements.

Claims

1. A mixer assembly(50, 130) for use in a combustion
chamber (32) of a gas turbine engine, said assem-
bly (50, 130) comprising:

a pilot mixer (52) including an annular pilot
housing (60) having a hollow interior (62), a pi-
lot fuel nozzle (64) mounted in the housing (60)
and adapted for dispensing droplets of fuel to
the hollow interior (62) of the pilot housing (60),
and one or more axial swirlers (70, 72) posi-
tioned upstream from the pilot fuel nozzle (64),
each of said pilot mixer swirlers (70, 72) having
a plurality of vanes (74, 76) for swirling air
traveling through the respective swirler (70, 72)
to mix air and the droplets of fuel dispensed by
the pilot fuel nozzle (64); and

amain mixer (54) including a main housing (90)
surrounding the pilot housing (60) and defining
an annular cavity (96), an annular fuel injector
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(100, 132) having a plurality of fuel injection
ports (102, 106, 134) arranged in a circular pat-
tern surrounding the pilot housing (60) and
mounted inside the annular cavity (96) of said
main mixer (54) for releasing droplets of fuel in-
to swirling air downstream from the fuel injector
(100, 132), and one or more axial swirlers (110,
112, 114) positioned upstream from the plurality
of fuel injection ports (102, 106, 134), each of
said main mixer swirlers (110, 112, 114) having
a plurality of vanes (116, 118, 120) for swirling
air traveling through the swirler (110, 112, 114)
to mix air and the droplets of fuel dispensed by
the fuel injection ports (102, 106, 134).

A mixer assembly (50, 130) as set forth in claim 1
further comprising a barrier (78) positioned be-
tween two of said plurality of swirlers (70, 72) in the
pilot mixer (52), said barrier (78) having a converg-
ing inner surface (80) downstream from said swirl-
ers (70, 72).

A mixer assembly (50, 130) as set forth in claim 2
wherein the barrier (78) has a diverging inner sur-
face (80) downstream from said converging inner
surface (80).

A mixer assembly (50, 130) as set forth in claim 1
wherein the pilot housing (60) obstructs a clear line
of sight between the pilot mixer fuel nozzle (64) and
the main housing (90).

A mixer assembly (50, 130) as set forth in claim 1
wherein the main mixer (54) includes three concen-
trically mounted axial swirlers (110, 112, 114) posi-
tioned upstream from said plurality of fuel injection
ports (102, 106, 134).

A mixer assembly (130) as set forth in claim 5
wherein each of said plurality of fuel injection ports
(134) in the pilot mixer housing (60) releases drop-
lets of fuel in a generally axial direction.

A mixer assembly (50) as set forth in claim 5 where-
in a first portion of said plurality of fuel injection ports
(102) releases droplets of fuel in a generally out-
ward direction, and a second portion of said plurality
of fuel injection ports (106) releases droplets of fuel
in a generally inward direction.

A mixer assembly (50, 130) as set forth in claim 1
wherein the pilot mixer (52) includes two concentri-
cally mounted axial swirlers (70, 72) positioned up-
stream from the pilot fuel nozzle (64).

A mixer assembly (50, 130) as set forth in claim 1
in combination with a combustion chamber (32)
comprising:
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8

an annular outer liner (34) defining an outer
boundary of the combustion chamber (32);

an annular inner liner (36) mounted inside the
outer liner (34) and defining an inner boundary
of the combustion chamber (32); and

an annular dome (38) mounted upstream from
the outer liner (34) and the inner liner (36) and
defining an upstream end of the combustion
chamber (32), said mixer assembly (50, 130)
being mounted on the dome for delivering a
mixture of fuel and air to the combustion cham-
ber (32).
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