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(57) ABSTRACT 

A combustor for a gas turbine engine includes outer and 
inner liners de?ning a combustion chamber and an igniter 
mounted to the outer liner. Adome plate is disposed betWeen 
the outer and inner liners and has a plurality of circumfer 
entially spaced openings formed therein. A fuel-air mixer is 
disposed in each one of the openings; each fuel-air miXer 
includes a sWirler mounted in the corresponding opening 
and a fuel noZZle received in the corresponding sWirler. TWo 
adjacent ones of the sWirlers are loW air ?oW sWirlers in 
general circumferential alignment With the igniter and the 
rest of the sWirlers are higher air ?oW sWirlers. Each one of 
the fuel noZZles provides a similar amount of fuel so that the 
tWo fuel-air mixers having loW air ?oW sWirlers produce a 
local region of increased fuel-to-air ratio in the vicinity of 
the igniter. 
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COMBUSTOR FOR GAS TURBINE ENGINES 
WITH LOW AIR FLOW SWIRLERS 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH & DEVELOPMENT 

[0001] The US. Government may have certain rights in 
this invention pursuant to contract number N00019-97-C 
0114 aWarded by the Department of the Navy. 

BACKGROUND OF THE INVENTION 

[0002] This invention relates generally to gas turbine 
engines and more particularly to combustors used in such 
engines. 

[0003] A gas turbine engine includes a compressor that 
provides pressuriZed air to a combustor Wherein the air is 
mixed With fuel and ignited for generating hot combustion 
gases. These gases ?oW doWnstream to one or more turbines 
that extract energy therefrom to poWer the compressor and 
provide useful Work such as poWering an aircraft in ?ight. In 
combustors used With aircraft engines, the fuel is typically 
supplied to the combustor through a plurality of fuel noZZles 
circumferentially spaced around the forWard end of the 
combustor. Each fuel noZZle has a surrounding assembly, 
knoWn as a sWirler, through Which the air is supplied. Each 
sWirler includes a number of angled vanes that impart a 
sWirling motion to the air so as to cause the air and fuel to 
be thoroughly mixed. 

[0004] The fuel-air mixture is ignited by an igniter 
mounted in the outer liner of the combustor. Under some 
conditions, particularly during rapid deceleration of the 
engine, an insuf?cient fuel-to-air ratio can develop and cause 
an engine ?ameout (i.e., a temporary loss of ignition). One 
approach to avoiding engine ?ameouts involves providing 
one of the fuel noZZles With an enriched primary circuit fuel 
schedule and the remaining fuel noZZles With a normal fuel 
schedule. The enriched fuel noZZle creates a local region of 
increase fuel-to-air ratio to prevent combustor ?ameout 
during rapid engine decelerations or other instances of 
insuf?cient fuel-to-air ratio. HoWever, this approach requires 
that each combustor have tWo different fuel noZZle designs, 
Which incrementally increases the overall production cost of 
the combustor. 

[0005] Another knoWn approach is to provide a plurality 
of identical fuel noZZles used in conjunction With an equal 
number of sWirlers, Wherein one of the sWirlers is a loW air 
?oW sWirler. The loW air ?oW sWirler supplies less air than 
the other sWirlers so that it mixes the same amount of fuel 
as the other higher ?oW sWirlers, but With less air. The loW 
air ?oW sWirler thus creates a local region of increased 
fuel-to-air ratio. By aligning the loW air ?oW sWirler With the 
igniter, the combustor is able to more easily re-ignite in the 
event that the remaining sWirlers are extinguished tempo 
rarily during periods of insuf?cient fuel-to-air ratio, such as 
might occur during rapid engine deceleration. Because 
sWirlers are generally easier to manufacture than fuel 
noZZles, it is less expensive to have tWo sWirler designs for 
a single combustor than it is to have tWo fuel noZZle designs. 
Another bene?t of using sWirler air ?oW reduction instead of 
fuel ?oW enrichment to achieve an enriched fuel region is 
enhanced hot section durability because of loWer combustor 
peak temperature factor at altitude conditions. That is, 
because less air is available at high altitude, using an 
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enriched fuel noZZle Would produce an extreme hot streak 
that Would adversely impact durability of the hot section 
structure. Using air ?oW reduction lessens this hot streak 
effect. 

[0006] HoWever, it has been found that combustors using 
a single loW air ?oW sWirler can still experience ?ameouts. 
Accordingly, it is desirable to have a combustor design that 
avoids the increased production costs and loWer durability of 
an enriched fuel noZZle and has more robust ?ameout 
prevention. 

BRIEF SUMMARY OF THE INVENTION 

[0007] The above-mentioned need is met by the present 
invention, Which provides a combustor having outer and 
inner liners de?ning a combustion chamber and an igniter 
mounted to the outer liner. Adome plate is disposed betWeen 
the outer and inner liners and has a plurality of circumfer 
entially spaced openings formed therein. A fuel-air mixer is 
disposed in each one of the openings; each fuel-air mixer 
includes a sWirler mounted in the corresponding opening 
and a fuel noZZle received in the corresponding sWirler. TWo 
adjacent ones of the sWirlers are loW air ?oW sWirlers in 
general circumferential alignment With the igniter and the 
rest of the sWirlers are higher air ?oW sWirlers. Each one of 
the fuel noZZles provides a similar amount of fuel so that the 
tWo fuel-air mixers having loW air ?oW sWirlers produce a 
local region of increased fuel-to-air ratio in the vicinity of 
the igniter. 

[0008] The present invention and its advantages over the 
prior art Will become apparent upon reading the folloWing 
detailed description and the appended claims With reference 
to the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The subject matter that is regarded as the invention 
is particularly pointed out and distinctly claimed in the 
concluding part of the speci?cation. The invention, hoWever, 
may be best understood by reference to the folloWing 
description taken in conjunction With the accompanying 
draWing ?gures in Which: 

[0010] FIG. 1 is a longitudinal sectional vieW of a portion 
of a gas turbine engine, primarily shoWing the combustion 
section thereof. 

[0011] FIG. 2 is a fragmentary forWard-looking-aft vieW 
of the combustor from the gas turbine engine of FIG. 1. 

[0012] FIG. 3 is a forWard-looking-aft vieW of one of the 
sWirlers from the combustor of FIG. 2. 

[0013] FIG. 4 is a longitudinal sectional vieW of the 
sWirler of FIG. 3. 

[0014] FIG. 5 is an enlarged, fragmentary vieW of a 
portion of the sWirler from FIG. 4. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0015] Referring to the draWings Wherein identical refer 
ence numerals denote the same elements throughout the 
various vieWs, FIG. 1 shoWs a portion of a gas turbine 
engine 10 having a combustion section 12 that is located 
doWnstream from an axial ?oW compressor 14. The engine 
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10 includes a turbine section 16 that is located downstream 
from the combustion section 12. 

[0016] The combustion section 12 includes a combustor 
18 that includes an outer liner 20 and an inner liner 22. The 
outer and inner liners 20 and 22 are generally annular in 
form about an engine centerline axis 24 and are radially 
spaced from each other to de?ne a combustion chamber 26 
therebetWeen. A coWl assembly 28 is mounted to the 
upstream ends of the outer and inner liners 20 and 22. An 
annular opening 30 is formed in the coWl assembly 28 for 
the introduction of compressed air into the combustor 18. 
The compressed air is supplied from the compressor via a 
diffuser 32. Compressed air from the diffuser 32 passes 
principally through the opening 30 to support combustion 
and partially around the combustor 18 Where it is used to 
cool the liners 20 and 22 and turbomachinery further doWn 
stream in the turbine section 16. 

[0017] Disposed betWeen and interconnecting the outer 
and inner liners 20 and 22 near their upstream ends is an 
annular dome plate 34. The dome plate 34 has a plurality of 
circumferentially spaced openings formed therein, and each 
opening has a fuel-air mixer 36 disposed therein for the 
delivery of fuel and air into the combustion chamber 26. 
Each fuel-air mixer 36 includes a sWirler 38 mounted in the 
dome plate 34 and a corresponding fuel noZZle 40 having a 
fuel tip 42 received in a central opening of the sWirler 38. In 
operation, the sWirler 38 of each fuel-air mixer 36 imparts a 
sWirling motion to compressed air received from the open 
ing 30. The sWirling air mixes With fuel injected from the 
corresponding fuel noZZle 40, and the resulting fuel-air 
mixture is discharged into the combustion chamber 26. The 
fuel-air mixture is ignited by an igniter 44 mounted in an 
igniter port 46 formed in the outer liner 20. 

[0018] It is noted that although FIG. 1 illustrates a single 
annular combustor as an exemplary embodiment, the present 
invention is equally applicable to other types of combustors, 
such as double annular combustors. 

[0019] Turning noW to FIG. 2, Which is a forWard-look 
ing-aft vieW of a portion of the combustor 18, four adjacent 
ones of the sWirlers 38 are seen through the annular opening 
30 in the coWl assembly 28. (The fuel noZZles 40 are not 
shoWn in FIG. 2.) By Way of example, the combustor 18 has 
a total of eighteen sWirlers (and thus eighteen fuel noZZles), 
although the present invention is applicable to combustors 
having any number of sWirlers and fuel mixers. For purposes 
of the folloWing discussion, the four sWirlers shoWn in FIG. 
2 are individually identi?ed as the ?rst, second, third and 
fourth sWirlers 38a, 38b, 38c and 38d, respectively, Wherein 
the second sWirler 38b is circumferentially aligned With the 
igniter port 46 (and hence the igniter 44) in a common radial 
plane extending through the centerline axis 24. 

[0020] The adjacent second and third sWirlers 38b and 38c 
are both relatively loW air ?oW sWirlers, While the ?rst and 
fourth sWirlers 38a and 38d (as Well as all of the remaining 
sWirlers 38 not shoWn in FIG. 2) are higher air ?oW sWirlers. 
That is, the second and third sWirlers 38b and 38c are siZed 
to deliver less air than the other sWirlers for a given 
compressor discharge pressure. All eighteen fuel noZZles 40 
are identical to one another and deliver essentially equal 
amounts of fuel to the corresponding fuel-air mixers 36. 
Thus, the tWo fuel-air mixers having the second and third 
sWirlers 38b and 38c mix the same amount of fuel as the 
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other fuel-air mixers With a smaller amount of air. This 
results in a local region of increased fuel-to-air ratio in the 
vicinity of the igniter 44 that is able to more easily re-ignite 
in the event that the ?ames of remaining fuel-air mixers are 
extinguished temporarily during periods of insuf?cient fuel 
to-air ratio, such as might occur during rapid engine decel 
eration. Using tWo side-by-side loW air ?oW sWirlers 38b 
and 38c increases the siZe of the local increased fuel-to-air 
ratio region With respect to that obtainable With a single loW 
air ?oW sWirler. This adds suf?cient robustness to the 
combustor 18 to prevent engine ?ameouts. 

[0021] It should be noted that While FIG. 2 shoWs the 
second and third sWirlers 38b and 38c as being loW air ?oW 
sWirlers, the present invention is not limited to this con?gu 
ration. For example, the ?rst and second sWirlers 38a and 
38b could alternatively be the loW air ?oW sWirlers. Fur 
thermore, it is not necessary that one of the loW air ?oW 
sWirlers be precisely circumferentially aligned With the 
igniter, as long as all loW air ?oW sWirlers are generally 
aligned With the igniter. The present invention includes any 
con?guration of at least tWo adjacent loW air ?oW sWirlers 
in general circumferential alignment With the igniter. 

[0022] Referring to FIGS. 3 and 4, it is seen that each 
sWirler 38 includes a ferrule 48 for receiving the correspond 
ing fuel tip 42 and a venturi 50 located aft of, and coaxially 
aligned With, the ferrule 48. Aplurality of circumferentially 
spaced vanes 52 is disposed coaxially about the ferrule 48 
and enclosed by a ring 54. The vanes 52 are angled so as to 
impart the sWirling motion to air passing through the sWirler 
38. As seen in FIG. 5, Which is an enlargement of the area 
enclosed by the circle A in FIG. 4, each sWirler 38 has a 
splitter lip 56 formed at the forWard edge of the venturi 50. 
The splitter lip 56 splits the incoming air ?oW betWeen an 
inner air circuit in Which air ?oWs into the venturi 50 and 
mixes With fuel and an outer air circuit in Which air bypasses 
the venturi 50 and ?oWs directly into the combustion cham 
ber 26. The outer air circuit is also fed by a series of 
anti-carbon purge holes 58 (FIG. 3) formed in the sWirler 
base. 

[0023] Thus, it is primarily ?rst circuit air that mixes With 
the fuel and feeds the combustion ?ames. The amount of air 
?oW through each inner circuit is determined by the siZe and 
geometry of the vanes 52, Which determines the siZe and 
geometry of the gaps betWeen the vanes 52. Although not 
discernable in FIG. 2, the vanes 52 in the loW air ?oW 
sWirlers 38b and 38c are larger than the vanes 52 of the other 
sWirlers. Accordingly, the gaps betWeen the vanes 52 in the 
loW air ?oW sWirlers 38b and 38c are smaller that the gaps 
in the other sWirlers, Which results in the reduction in air 
?oW. SWirler air ?oW reduction can be accomplished by 
other geometry changes as Well. For instance, the ring 54 
containing the vanes 52 in the loW air ?oW sWirlers 38b and 
38c could be provided With a smaller diameter in order to 
reduce air ?oW therethrough. 

[0024] The air ?oW reduction of the inner circuit of the 
loW air ?oW sWirlers 38b and 38c is generally up to 50% of 
the air ?oW through the inner circuit of the other sWirlers. 
Preferably, the air ?oW reduction is about 30-50%. In one 
preferred embodiment, all of the air ?oW reduction is 
through the inner circuit and not the outer circuit. 

[0025] As mentioned above, using tWo adjacent loW air 
?oW sWirlers instead of a single loW air ?oW sWirler 
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increases the size of the local enriched fuel-to-air ratio 
region and adds suf?cient robustness to the combustor to 
prevent engine ?ameouts. More speci?cally, adding an addi 
tional loW air ?oW sWirler increases the ?ameout margin of 
the combustor 18. As used herein, the ?ameout margin refers 
to the margin With respect to the nominal Wf/Ps3 schedule, 
Where Wf/Ps3 represents the ratio of the fuel ?oW to 
the static pressure at the exit of the compressor (Ps3) as a 
percentage. Testing of the tWo loW air ?oW sWirler concept 
has demonstrated an average ?ameout margin of just over 
15%. This represents a statistically signi?cant improvement 
of approximately 9% in average ?ameout margin as com 
pared to a combustor having a single loW air ?oW sWirler. 

[0026] The foregoing has described a combustor for a gas 
turbine engine having tWo adjacent loW air ?oW sWirlers for 
preventing engine ?ameouts. While speci?c embodiments of 
the present invention have been described, it Will be appar 
ent to those skilled in the art that various modi?cations 
thereto can be made Without departing from the spirit and 
scope of the invention as de?ned in the appended claims. 

What is claimed is: 
1. A combustor comprising: 

outer and inner liners de?ning a combustion chamber; 

an igniter mounted to said outer liner; and 

a plurality of sWirlers circumferentially spaced around a 
forWard end of said combustor, Wherein at least tWo of 
said sWirlers individually deliver less air to said com 
bustion chamber than each of the remaining ones of 
said plurality of sWirlers, said at least tWo sWirlers 
being in general circumferential alignment With said 
igniter. 

2. The combustor of claim 1 further comprising a center 
line axis and Wherein one of said at least tWo sWirlers and 
said igniter are circumferentially aligned in a common radial 
plane extending through said centerline axis and another one 
of said at least tWo sWirlers is located adjacent to said one 
of said at least tWo sWirlers. 

3. The combustor of claim 1 Wherein each one of said 
plurality of sWirlers includes an inner air circuit and an outer 
air circuit, and Wherein said inner air circuit of each of said 
at least tWo sWirlers delivers up to 50% less air than said 
inner air circuit of each of the remaining ones of said 
plurality of sWirlers. 

4. The combustor of claim 3 Wherein said inner air circuit 
of each of said at least tWo sWirlers delivers about 30-50% 
less air than said inner air circuit of each of the remaining 
ones of said plurality of sWirlers. 

5. The combustor of claim 1 Wherein said combustor has 
an average ?ameout margin of approximately 15 percent. 

6. A combustor comprising: 

outer and inner liners de?ning a combustion chamber; 

an igniter mounted to said outer liner; 

a dome plate disposed betWeen said outer and inner liners; 

tWo loW air ?oW sWirlers mounted in said dome plate 
adjacent to one another, said tWo loW air ?oW sWirlers 
being in general circumferential alignment With said 
igniter; and 

a plurality of higher air ?oW sWirlers mounted in said 
dome plate. 
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7. The combustor of claim 6 further comprising a center 
line axis and Wherein one of said loW air ?oW sWirlers and 
said igniter are circumferentially aligned in a common radial 
plane extending through said centerline axis. 

8. The combustor of claim 6 Wherein each one of said tWo 
loW air ?oW sWirlers includes an inner air circuit and an 
outer air circuit and each one of said plurality of higher air 
?oW sWirlers includes an inner air circuit and an outer air 
circuit, and Wherein said inner air circuit of each one of said 
tWo loW air ?oW sWirlers delivers up to 50% less air to said 
combustion chamber than said inner air circuit of each one 
of said plurality of higher air ?oW sWirlers. 

9. The combustor of claim 8 Wherein said inner air circuit 
of each one of said tWo loW air ?oW sWirlers delivers about 
30-50% less air to said combustion chamber than said inner 
air circuit of each one of said plurality of higher air ?oW 
sWirlers. 

10. The combustor of claim 6 Wherein said combustor has 
an average ?ameout margin of approximately 15 percent. 

11. A combustor comprising: 

outer and inner liners de?ning a combustion chamber; 

an igniter mounted to said outer liner; 

a dome plate disposed betWeen said outer and inner liners, 
said dome plate having a plurality of circumferentially 
spaced openings formed therein; and 

a fuel-air mixer disposed in each one of said openings, 
each fuel-air mixer comprising a sWirler mounted in a 
corresponding one of said openings and a fuel noZZle 
received in a corresponding one of said sWirlers, 
Wherein tWo adjacent ones of said sWirlers are loW air 
?oW sWirlers and are in general circumferential align 
ment With said igniter and the rest of said sWirlers are 
higher air ?oW sWirlers, and Wherein each one of said 
fuel noZZles provides a similar amount of fuel so that 
said tWo fuel-air mixers having loW air ?oW sWirlers 
produce a local region of increased fuel-to-air ratio in 
the vicinity of said igniter. 

12. The combustor of claim 11 further comprising a 
centerline axis and Wherein one of said tWo fuel-air mixers 
having loW air ?oW sWirlers and said igniter are circumfer 
entially aligned in a common radial plane extending through 
said centerline axis. 

13. The combustor of claim 11 Wherein each one of said 
tWo loW air ?oW sWirlers includes an inner air circuit and an 
outer air circuit and each one of said higher air ?oW sWirlers 
includes an inner air circuit and an outer air circuit, and 
Wherein said inner air circuit of each one of said tWo loW air 
?oW sWirlers delivers up to 50% less air to said combustion 
chamber than said inner air circuit of each one of said higher 
air ?oW sWirlers. 

14. The combustor of claim 13 Wherein said inner air 
circuit of each one of said tWo loW air ?oW sWirlers delivers 
about 30-50% less air to said combustion chamber than said 
inner air circuit of each one of said higher air ?oW sWirlers. 

15. The combustor of claim 11 Wherein said combustor 
has an average ?ameout margin of approximately 15 per 
cent. 


