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(57) ABSTRACT 

Afuel-air premixing module is designed to reduce emissions 
from a gas turbine engine. In one form, the premixing 
module includes a central pilot premixer module with a main 
premixer module positioned thereround. Each of the por- 
tions of the fuel-air premixing module include an axial 
inflow swirler with a plurality of fixed swirler vanes. Fuel is 
injected into the main premixer module between the swirler 
vanes of the axial inflow swirler and at an acute angle 
relative to the centerline of the premixing module. 

28 Claims, 9 Drawing Sheets 
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FUEL PREMIXING MODULE FOR GAS 
TURBINE ENGINE COMBUSTOR 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

inlets, wherein one of the pair of fluid inlets is located 
upstream of the second axial swirler and positioned to allow 
the passage of a fluid into the second axial swirler and the 
other of the pair of fluid inlets is positioned to allow the 

5 passage of a fluid into the main premixer without passing 
through the second axial swirler, wherein the fluid entering 

charged through an outlet. 
Another form of the present invention contemplates an 

apparatus for mixing gas and fuel, comprising: a premixer 
including a first axial inflow swirler having a first plurality 
of vanes, the premixer including a housing having a longi- 
tudinal centerline and a plurality of spaced fueling passages 
that are adapted to allow the discharge of fuel into the first 

The present application claims the benefit of U.S. Provi- the main premixer through the pair of fluid inlets is dis- 
sional Patent Application No. 60,375,897 filed Apr. 26,2002 
and incorporated herein by reference. 

The present invention was made under U.S. Government 
Contract NAS3-27725 awarded by NASA. 

BACKGROUND OF THE INVENTION 

The Present invention relates generally to gas turbine 

gas turbine engine Premixing module including a Pilot 

axial inflow swirler, wherein the plurality of fueling pas- 

longitudinal centerline; and, a pilot premixer including a 
engine combustors, and more particularly, in one form, to a 's sages are inclined at an acute angle with respect to the 

premixing module surrounded by a main premixing module. fuel dispenser and a second axial inflow swirler having a 
Air pollution emissions are an undesirable by-product second plurality of vanes, the second axial inflow is swirler 

from the operation of a gas turbine engine that burns fossil disposed around at least a portion of the fuel dispenser, and 
fuels. The primary air polluting emissions produced by the 2o wherein the premixer is disposed around at least a portion of 
burning of fossil fuels include carbon dioxide, water vapor, the pilot premixer. 
oxides of  nitrogen, carbon monoxide,  unburned Yet another form of the present invention contemplates a 
hydrocarbons, oxides of sulfur and particulate. Of the above gas and fuel mixing module, comprising: a premixer includ- 
emissions, carbon dioxide and water vapor are generally not ing a first axial inflow swirler having a plurality of first fixed 
considered objectionable. However, air pollution has 2s swirler vanes, the premixer including a casing having a 
become a worldwide concern and many nations have longitudinal centerline and a plurality of spaced fueling 
enacted stricter laws regarding the discharge of Pollutants passages formed in the casing to allow the discharge of fuel 
into the environment. into the first axial inflow swirler, the premixer including a 

Gas turbine engine designers have generally accepted that 3o pair of fluid inlets, wherein one of the pair of fluid inlets is 
many of the by-products of the combustion of a fossil fuel located upstream of the first axial swirler and allows the 
can be controlled by design parameters, the cleanup of passage of gas into the first axial swirler and the other of the 
exhaust gases and regulating the quality of fuel. Oxides of pair of fluid inlets allows the passage of gas into the 
Nitrogen (NO,) are one of the pollutants that have been of premixer without passing through the first axial swirler, 
particular concern to gas turbine engine designers. It is well 3s wherein the gas entering the main premixer through the pair 
known that in a gas turbine engine the oxidation of nitrogen of fluid inlets is discharged through an outlet, wherein the 
is dependent upon the flame temperature within the com- plurality of fueling passages are inclined at an acute angle 
bustion region. Many gas turbine engines utilize some with respect to the longitudinal centerline and directed 
premixing of the main fuel with the compressor air to create towards the outlet; and, a pilot premixer including a fuel 
a reactant mixture with lean stoichiometries to limit flame 4o dispenser and a second axial inflow swirler having a plu- 
temperature and control NO, formation. Typically, a pre- rality of second swirler vanes, the second axial inflow 
mixing section within the combustor prepares a combustible swirler disposed around at least a portion of the fuel 
main fuel mixture upstream of the flame front, and therefore dispenser, and wherein the premixer is disposed around at 
the combustor includes provisions to keep the flame from least a portion of the pilot premixer. 
entering or igniting within the premixing section. Often the 4s One object of the present invention is to provide a unique 
residence time and velocities within the premixing section premixing module for a gas turbine engine. 
are manipulated to discourage auto-ignition and flashback. Related objects and advantages of the present invention 
As a result of this manipulation the residence time is many will be apparent from the following description, 
times limited, which results in incomplete mixing with 
increased NO, emission. Further, in many systems the 
burning temperatures are low enough that Carbon Monoxide 
(CO) emissions are increased. engine. 

ratus for forming a combustion mixture within a gas turbine engine, illustrating an apparatus for forming a Combustion 
engine. The present invention satisfies this and other needs ss mixture therein according to one form of the Present inven- 
in a novel and unobvious way. tion. 

FIG. 3 is an enlarged view of the apparatus of FIG. 2 for 
forming a combustion mixture. 

One form of the present invention contemplates a mixing FIG. 4 is a view of an alternate embodiment of an 
module, comprising: a pilot premixer including a first fuel 60 apparatus for forming a Combustion mixture of the Present 
dispenser and a first axial inflow swirler having a plurality invention. 
of first vanes, the first axial inflow swirler disposed around FIG. 5 is an end view of an axial swirler of the main 
at least a portion of the first fuel dispenser; and, a main premixer comprising a portion of one form of the apparatus 
premixer including a second fuel dispenser and a second for forming a combustion mixture of the present invention. 
axial inflow swirler having a plurality of second vanes, the 65 FIG. 6 is an end view of an axial swirler of the pilot 
main premixer positioned around at least a portion of the premixer comprising a portion of one form of the apparatus 
pilot premixer, the main premixer including a pair of fluid for forming a combustion mixture of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 
so FIG. 1 is a schematic representation of a gas turbine 

Heretofore, there has been a need for an improved appa- FIG. 2 is a sectional view of a portion of a gas turbine 

SUMMARY OF THE INVENTION 
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FIG. 7 is a plot of tcst results showing the NO, levels 
produced under a variety of conditions consistent with an 
aircraft’s landingitakeoff power modes. 

FIG. 8 is a plot of the estimated reduction in NO, below 

FIG. 9 is a plot of combustion efficiency. 

ber; however, other combustor chamber configurations are 
also contemplated herein. Inner combustor liner 30a is 
spaced from an inner combustion case wall member 34a 

2, to define a fluid flow passage 36a. The Outer 

the 1996 International Civil Aviation Organization levels, 5 liner 30b is spaced from an Outer 
case wall member 34b to define a fluid flow passage 36b. 

Turbine section 18 includes a plurality of turbine blades 
38a coupled to a rotor 40a, which in turn is affixed to a drive 
shaft S, for transmitting rotational power to the compressor 
section 14. Turbine section 18 also includes a plurality of 

For Purposes of Promoting an understanding of the Prin- turbine blades 38b coupled to a rotor 40b, which in turn is 
ciples of the invention, reference will now be made to the affixed to shaft S, for transmitting rotational power to the fan 
embodiments illustrated in the drawings and specific Ian- section 12, A plurality of turbine 42 are positioned 
guage will be used to describe the same. It will nevertheless adjacent the turbine blades 3sa, 38b to direct the flow of the 
be understood that no limitation of the scope of the invention 1s hot gaseous fluid stream generated by combustor section 16 
is thereby intended, such alterations and further modifica- through turbine section 18, 
tions in the illustrated device, and such further applications In operation, the turbine section 18 provides rotational 
of the principles of the invention as illustrated therein being power to shafts S, and s,, which in turn drive the fan section 

art to which the invention relates. 2o as, for example, air, enters the gas turbine engine 10 in the 
With reference to FIG. 1, there is illustrated a schematic direction of arrows A, passes through fan section 12, and is 

representation of a gas turbine engine 10. However, it should fed into the compressor section 14 and a bypass duct 48, A 
be understood that the invention described herein is appli- substantial portion of the increased pressure air exiting 
cable to all types of gas turbine engines, and is not intended compressor section 14 is routed into the diffuser 28, The 
to be limited to the gas turbine engine schematic represented 2s diffuser 28 conditions the compressed air and directs par- 
in FIG. 1. The gas turbine engine 10 includes a longitudinal tions of the conditioned air into the combustion chamber 32 
axis L extending generally along the working fluid flow and the annular fluid passages 36a, 36b in the direction of 
path. Gas turbine engine 10 includes a fan section 12, a arrows B, The conditioned air entering the combustion 
compressor section 14, a combustor section 16 and a turbine chamber 32 is intermixed with fuel in a plurality of premix- 
section 18 integrated to produce an aircraft flight propulsion 3o ing modules 100 (FIG, 2) to provide a combustion mixture, 
engine generally referred to as a turbo-fan. Another form of one non-limiting form of the present invention there are 
a gas turbine engine includes a compressor section, a corn- 12 to 20 premixing modules evenly spaced around the inlet 
bustor section, and a turbine section integrated to produce an end of the combustor, However, other quantities and spacing 
aircraft flight propulsion engine without a fan section. of premixing modules are contemplated herein. The com- 

It should be understood that the term “aircraft” is generic 35 bustion mixture is ignited and burned in combustion cham- 
and is meant to include helicopters, airplanes, missiles, ber 32 to generate the hot gaseous fluid stream. 
unmanned space devices, transatmospheric vehicles and The hot gaseous fluid stream flows through the combus- 
other substantially similar devices. It is also important to tion chamber 32 in the direction of arrows C. The fluid 
realize that there are a multitude of ways in which the gas stream exits the aft end of the combustion chamber 32 where 
turbine engine components can be linked together to pro- 40 it is fed into the turbine section 18 to extract the energy 
duce a flight propulsion engine. For instance, additional necessary to power gas turbine engine 10. Further details 
compressor and turbine stages could be added with inter- regarding the general structure and operation of a gas turbine 
coolers connected between the compressor stages. engine 10 are believed known to those skilled in the art and 
Additionally, although gas turbine engine 10 has been are therefore deemed unnecessary for a full understanding of 
described for use with an aircraft, it should understood that 45 the principles of the present invention. 
engine lo is suited to be in Referring to FIG. 2, there is illustrated a cross sectional 
applications, such as, for example, pumping sets for gas and view of a portion of a non-limiting gas turbine engine 
oil transmission lines, electricity generation, and naval pro- including a combustor system 50 that is generally comprised 
Pulsion. Further, a gas turbine engine has application in of diffuser 28, inner and outer combustor liners 30a, 30b and 
propelling motor vehicles. SO the plurality of premixing modules 100. A fueling system 

The fan section 12 includes a fan 20 having a plurality of 101 is disposed in fluid communication with a pilot premixer 
fan blades. A gaseous fluid is passed through fan 20 and fed module 102 and a fueling system 103 is disposed in fluid 
into the compressor section 14. In one form of the present communication with a main premixer module 104. The 
invention, the gaseous fluid is air. The multi-stage compres- present invention contemplates that the fueling systems for 
sor section 14 includes a rotor 22 having a plurality of ss delivering fuel to the pilot premixer module 102 and the 
compressor blades 24 coupled thereto. The rotor 22 is main premixer module 104 can be combined or remain 
affixed to a shaft SI which is rotatably mounted within gas separate. Igniter 110 provides the source for ignition within 
turbine engine 10. A plurality of compressor vanes 26 are the combustion chamber 32. In one form of the present 
positioned adjacent the compressor blades 24 to direct the invention the fuel is a liquid hydrocarbon fuel, however 
flow of the gaseous fluid through the compressor section 14. 60 other fuels including gaseous fuels are contemplated herein. 

Increased pressure fluid from the compressor section 14 is Further, the present invention will be described in terms of 
fed into the combustor section 16. In one form of the present utilizing air and fuel for the combustion process, however 
invention, combustor section 16 includes a diffuser 28 and other gases than air, such as the gas turbine engine exhaust 
inner and outer combustor liners 30a, 30b coupled to dif- are also contemplated herein. There is no intention to limit 
fuser 28 and spaced apart to define a combustion chamber 65 the present invention to the utilization of air unless specifi- 
32. In one form of the invention, the liners 30a, 30b are cally provided to the contrary. However, in order to aid the 
spaced radially apart to define an annular combustor cham- reader the description will be generally set forth-utilizing air. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

contemplated as normally occur to one skilled in the 12 and the compressor section 14, respectively, A fluid such 
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With reference to FIG. 3, there is illustrated an enlarged of the present invention cooling air is pumped into the cavity 
partially fragment sectional view of the premixing module 115 to cool the portions of the separating member 113 
100. As discussed above the premixing module 100 includes exposed to the flame in the combustion chamber 32. The 
the pilot premixing module 102 and the main premixing present invention contemplates separating members having 
module 104. The main premixing module 104 is disposed 5 other sizes and shapes and that may be cooled or utilized in 
around the pilot premixing module 102. The premixing a non-cooled state. 
module 100 includes a longitudinal centerline Z. In one form The main premixing module 104 includes a swirler 118 
of the present invention the pilot premixing module 102 and and a fuel dispenser 119. The swirler 118 is preferably an 
the main premixing module 104 are concentric and the main axial inflow swirler having a plurality of swirler vanes 120. 
premixing module 104 is located radially outward from the Each of the swirler vanes 120 includes a leading edge, a 
pilot premixing module 102. trailing edge and a surface extending in the streamwise and 

The pilot premixing module 102 includes a fuel dispenser spanwise directions. The swirler vanes 120 are preferably 
105 that has a swirler 106 disposed around the fuel dispenser constructed of alloy steel which is capable of withstanding 
105. The fuel dispenser 105 in one form is a fuel nozzle and the compressor discharge temperature levels. In one form of 
more preferably is a pressure swirl fuel nozzle. Pressure 1~ the present invention the plurality of swirler vanes 120 are 
swirl fuel nozzles atomize the fuel by injecting the fuel fixed and have substantially straight planer surfaces that 
under pressure into the swirl chamber in the form of a thin define portions of the fluid flow path. However, the present 
film of fuel. Fuel line 108 provides a fuel flow path from the invention contemplates swirler vanes having other surface 
fueling system 101. However, it should be clearly under- geometry's. In one form of the present invention the number 
stood that the present invention contemplated other types of 2o of swirler vanes 120 is 9 and these swirler vanes are spaced 
fuel dispensers. The swirler 106 is an axial inflow swirler equally around the circumference of the swirler. In another 
including a plurality of swirler vanes 109. Each of the embodiment of the present invention the number of swirler 
swirler vanes 109 includes a leading edge, a trailing edge vanes is 8 and these swirler vanes are spaced equally around 
and a surface extending in the streamwise and spanwise the circumference of the swirler. However, axial inflow 
directions. The swirler vanes 109 are preferably constructed 2s swirlers having other quantities of swirler vanes and spacing 
of alloy steel which is capable of withstanding the compres- 
sor discharge temperature levels. In one form of the present 
invention the plurality of swirler vanes 109 are fixed and 
have substantially straight planer surfaces that define por- 
tions of the fluid flow path. However, the present invention 
contemplates swirler vanes having other surface geometry's. 
In one form of the present invention the number of swirler 
vanes 109 is 16 and these swirler vanes are spaced equally 
around the circumference of the swirler. However, axial 
inflow swirlers having other quantities of swirler vanes and 
spacing are contemplated herein. 

The swirler vanes 109 have a swirl angle relative to 
direction of the longitudinal centerline Z. In one form of the 

are contemplated herein. 
The swirler vanes 120 have a swirl angle relative to 

direction of the longitudinal centerline Z. The swirl angle is 
preferably within a range of about 55" to about 70". In one 

30 form of the present invention the swirl angle for the swirler 
vanes 120 is about 62" relative to the longitudinal centerline 
and there are nine swirler vanes. In another embodiment of 
the present invention the swirl angle for the swirler vane is 
about 60" relative to the longitudinal centerline and there are 

35 eight swirler vanes. However, other swirl angles are con- 
templated for the swirler vanes 120. The main premixing 
module 104 includes the main premixer exit aperture 114 for 
discharninn the fuel and air mixture into the combustion a a a  

invention the swirl angle is within a range of about 30" to chamber 32. In one form of the present invention the main 
about 35". In another form of the present invention the swirl 40 premixing module 104 includes an internal fluid flow pas- 
angle for the swirler vanes 109 is within a range of about 30" sageway with a converging fluid flow section 121. One 
to about 32" and in another form the swirl angle is about 30". embodiment of the present invention has an inner wall side 
However, other swirl angles are contemplated for the swirler 122 with a half angle (I of about 45" and an outer wall side 
vanes 109. The pilot premixing module 102 includes an exit 123 with a half angle p of about 10" to about 15". However, 
aperture 110 for discharging the fuel and air mixture into the 45 the present invention contemplates other half angles as 
combustion chamber 32 and in one form the exit aperture required by a specific system design parameters. Further, in 
has a substantially circular shape. In one form of the present one form of the present invention the main premixer exit 
invention the pilot premixing module 102 includes a con- aperture 114 and the pilot premixer exit aperture 110 are 
verging fluid flow section 111 followed by a diverging fluid located at the substantially the same axial location. 
flow section 112. One embodiment of the present invention 50 However, an alternate embodiment of the present invention 
has the converging fluid flow section 111 with a half angle contemplates other relationships between the axial location 
a of about 45" and the diverging fluid flow section 112 with of the respective exit apertures. 
a half angle fl of about 75". However, the present invention The main premixing module 104 includes a pair of fluid 
contemplates other half angles as required by a specific inlets 116 and 117. Each of the pair of fluid inlets is of an 
system design parameters. Further, in the embodiment of ss annular shape. Fluid inlet 116 is located upstream of the 

ten percent of the total premixing module 100 flow area to passage of the fluid into the axial inflow swirler 118. Fluid 
FIG. 3, the pilot premixing module 102 flow area is about axial inflow swirler 118 and is positioned to allow the 

provide a desired fueliair ratio consistent with lean flame inlet 117 is positioned to allow the passage of fluid into the 
blowout design parameters. The present invention contem- main premixer module 104 without passing through the 
plates other ratios between the pilot premixing module flow 60 axial inflow swirler 118. The fluid after passing through the 
area and the total premixing module flow area. repective inlet flows within an internal passageway 125 and 

A separating member 113 is positioned between the pilot is discharged through the main premixer exit aperture 114. 
premixing module 102 and the main premixing module 104. In one form of the present invention there are utilized a 
The separating member 113 separates the fuel-air streams plurality of radially extending supporting struts (not 
exiting the pilot exit aperture 110 and the main premixer exit 65 illustrated) to couple the main premixing module 104 with 
aperture 114 to minimize the mixing of the two streams from the pilot premixing module 102. One form of the present 
the respective premixing modules 102 and 104. In one form invention utilizes four supporting struts to couple the main 
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premixing module 104 with the pilot premixing module 102. and minimizes the formation of NOx emissions. At idle, the 
However, other quantities of supporting struts and ways of fuel is supplied only to the pilot premixing module thus 
coupling the pilot premixing module 102 with the main forming a fuel rich pilot combustion zone that supports 
premixing module are contemplated herein. In one form of stable combustion and satisfactory margin for idle lean 
the present invention the air passing through fluid inlet 116 s blowout performance. The radial separation between the 
is about sixty-five percent of the air flow within the main pilot premixing module and the main premixing module 
premixer module and the air passing through the inlet 117 is shields the pilot flame from quenching due to the surround- 
about thirty-five percent of the air flow within the main ing main module air. 
premixer module. However, other ratios between the air The premixing module has efficient mixing ofthe fuel and 
flows are contemplated herein. 10 air with the main premixing module thereby enabling the use 

The fuel dispenser 119 includes a plurality of spaced fuel of a short mixing length (less than 1.2 inches). This design 
passages 126 that are inclined at an acute angle relative to eliminating the potential for pre-ignition of fueliair mixture 
the longitudinal centerline Z. The acute angle is directed within the module. The convergent exit section of the main 
towards the main premixer aperture 114. In one form of the premixing module limits the flame from traveling upstream 
present invention the acute angle is about 45”, however other 15 into the module body and causing hardware damage. 
acute angles are contemplated herein. The spaced fuel In one embodiment of the main premixing module the 
passages 126 include a discharge end 127 that directs the non-swirling flow accounts for about one third of the main 
fuel into the axial inflow swirler 118. The exposure of the air flow and the swirling flow accounts for about two-thirds 
injected fuel from the fuel passages 126 into the high speed of the main air flow, This provides for good 
fluid flowing through the axial inflow swirler 118 causes 20 control of the swirling flow at the exit of the main premixing 
atomization of the fuel. In a preferred form the fuel injected module, maintains the flame position about one inch away 
through the fuel passages 126 is a liquid fuel. 

With reference to FIG. 4, there is illustrated an alternative 
fuel premixing module 200. The fuel premixing module 200 
is substantially similar to the fuel premixing module 100. 25 main premixing module exit. 
The substantial difference being the location of the pilot fuel The fuel injection into the main premixing module is 
dispenser outlet 201 is disposed axial closer to the pilot exit achieved through plain orifices, one form of the invention 
aperture 110. The fuel dispenser 105 has been Positioned the number of fuel delivery orifices is equal to the number 
axially closer to the outlet 110. The reader should appreciate 3o of swirler vanes within the axial inflow swirler of the main 
that like feature numbers will be utilized to represent like premixing module, The fuel is delivered from the outer wall 

from the main premixer module exit and enhances fueliair 
mixing within the main premixing module before introduc- 
ing the fueliair mixture into the flame downstream of the 

features and the description will not be repeated. of the main premixing module at an angle towards the center 
With reference to FIG. 5, there is illustrated an end view of the module. The strong pressure gradient between the 

looking aft of the axial inflow swirler 118 including a swirler vanes causes the liquid fuel jet to spread out rapidly 
plurality of equally spaced swirler vanes 120. In the embodi- 35 in the circumferential direction. 
ment set forth in FIG. 5,  the plurality of swirler vanes are With reference to FIGS, 7-9 there is presented test data 
spaced apart 40” and the fuel discharge Passages 126 are from a combustor premixing module that was tested to 
Positioned at an angle Q from the leading edge 130 of each demonstrate the present inventions capability to meet a 
of the swirler vanes 120. In one form of the present invention target of reducing NOx emissions by fifty percent relative to 
the angle Q is about 25”. The fuel discharged from the 4o the International Civil Aviation Organization (ICACO) regu- 
fueling passages 126 is received within the channels defined lations, FIG, 7 shows the NOx levels produced under a 
between the plurality of swirling vanes 120. The air and fuel variety of conditions consistent with the aircraft landing/ 
is mixed within the axial inflow swirler 118 as it passes takeoff power modes, The total emissions produced 
between the Plurality of swirler vanes 120. The Present over the landingitakeoff cycle divided by takeoff engine 
invention contemplates that the term mixing and mixture 45 thrust in is significantly below those of conventional 
confer a broad meaning that includes partial and/or complete engines of the time. FIG, 8 illustrates the estimated reduc- 
mixing unless specifically stated to the contrary. tion in NOx emissions below the 1996 ICACO level. FIG. 

With reference to FIG. 6, there is illustrated an end view 9 illustrates that the combustion efficiency was ninety-nine 
of the pilot axial inflow swirler 106. The axial inflow swirler percent and higher under all engine power conditions with 
includes a plurality of swirler vanes 109. The present so an idle lean blowout fueliair ratio of 0.004 or less. 
invention contemplates embodiments wherein the fluid swirl While the invention has been illustrated and described in 
direction in the pair of axial inflow swirlers could be in detail in the drawings and foregoing description, the Same is 
opposite directions (ex. clockwise and counter clockwise) or to be considered as illustrative and not restrictive in 
in the Same direction. A Preferred form of the Present character, it being understood that only the preferred 
invention has the direction of swirl in the pilot axial inflow 5s embodiment has been shown and described and that all 
swirler 106 and the main swirler 118 in the same direction. changes and modifications that come within the spirit of the 

The premixing module of the present invention aims to invention are desired to be protected. It should be under- 
solve the contradicting requirements between achieving low stood that while the use of the word preferable, preferably or 
oxides of nitrogen (NO,) emissions at higher engine power preferred in the description above indicates that the feature 
and avoiding lean blowout (flameout) at lower engine power 60 so described may be more desirable, it nonetheless may not 
and idle. In one form of the present invention the main be necessary and embodiments lacking the same may be 
premixing module admits about ninety percent of the entire contemplated as within the scope of the invention, that scope 
premixing module air and about ninety percent of the fuel at being defined by the claims that follow. In reading the claims 
high power, while the pilot premixing module admits the it is intended that when words such as “a,” ‘‘an,’’ “at least 
remaining about ten percent of the overall premixing module 65 one,” “at least a portion” are used there is no intention to 
air and fuel flows. This combination limits the reaction limit the claim to only one item unless specifically stated to 
temperature in both the pilot and main combustion zones the contrary in the claim. Further, when the language “at 
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least a portion” and/or “a portion” is used the item may 
include a portion and/or the entire item unless specifically 
stated to the contrary. 

What is claimed: 
1. A mixing module, comprising: 
a pilot premixer including a first fuel dispenser and a first 

axial inflow swirler having a plurality of first vanes, 
said first axial inflow swirler disposed around at least a 
portion of said first fuel dispenser; and 

a main premixer including a second fuel dispenser and a 
second axial inflow swirler having a plurality of second 
vanes, said second fuel dispenser positioned to dis- 
charge a fuel for passage through at least a portion of 
said second axial inflow swirler, said main premixer 
positioned around at least a portion of said pilot 
premixer, said main premixer including a pair of fluid 
inlets, wherein one of said pair of fluid inlets is located 
upstream of said second axial swirler and positioned to 
allow the passage of a fluid into said second axial 
swirler and the other of said pair of fluid inlets is 
positioned to allow the passage of a fluid into said main 
premixer without passing through said second axial 
swirler, wherein the fluid entering the main premixer 
through said pair of fluid inlets is discharged through an 
outlet. 

2. The module of claim 1, wherein said main premixer and 

3. The module of claim 2, wherein said pilot premixer 

wherein said pilot premixer comprises a pilot outlet; and 
which further comprises a separator disposed around the 

pilot premixer and extending between the pilot pre- 
mixer and the main premixer to provides separation 
between said pilot outlet and said outlet. 

4. The module of claim 3, wherein said first fuel dispenser 

wherein said second fuel dispenser is positioned around 
said second axial inflow swirler, and wherein said main 
premixer includes a plurality of spaced fluid flow 
passages to allow the passage of fuel from said second 
fuel dispenser to said second axial inflow swirler. 

5. The module of claim 4, wherein each of said plurality 
of spaced fluid flow passages includes a discharge opening 
that is located between an adjacent pair of said second vanes, 
and wherein each of said fluid flow passages is inclined at an 
acute angle with respect to said longitudinal centerline. 

6. The module of claim 5,  wherein said acute angle is 
about 45” and directed toward said outlet; 

wherein each of said axial inflow swirlers is a fixed 

wherein each of said plurality of first vanes is a straight 

wherein each of said plurality of second vanes is a straight 

7. The module of claim 6, wherein the swirl angle of the 
first axial inflow swirler relative to the longitudinal center- 
line is less than the swirl angle of the second axial inflow 
swirler relative to the longitudinal centerline. 

8. The module of claim 1, wherein said pilot premixer and 
said main premixer are substantially concentric; 

wherein each of said pair of fluid inlets is defined by an 
annular slot; 

wherein said other of said pair of fluid inlets defines a 
non-swirl inlet and said one of said pair of fluid inlets 
defines a swirl inlet; and 

said pilot premixer are substantially concentric. 

comprises a longitudinal centerline; 

is a pressure swirl fuel nozzle; and 

swirler; 

blade; and 

blade. 

10 
further wherein said non-swirl inlet has a flow area less 

9. The module of claim 1, wherein said main premixer 
includes a housing with a fluid flow passageway disposed 

s between said pair of fluid inlets and said outlet, and wherein 
said fluid flow passageway includes an exit portion that is 
convergent; and 

wherein said pilot premixer includes a passage in fluid 
communication with a pilot outlet, and wherein said 
passage includes an exit portion that is divergent. 

10. The module of claim 1, wherein the mixing module 

wherein said pilot premixer and said main premixer are 

wherein said pilot premixer includes a pilot outlet; 
wherein said pilot outlet and said outlet are located at the 

substantial same axial position; 
which further comprises separator means for providing 

separation between said pilot outlet and said outlet; 
wherein said second fuel dispenser is disposed radially 

outward from said second axial inflow swirler; and 
wherein said second fuel dispenser includes a plurality of 

circumferentially spaced apertures to allow the passage 
of fuel from said second fuel dispenser to said second 
axial inflow swirler, each of said spaced apertures 
includes a discharge opening located between an adja- 
cent pair of said second vanes, and wherein said fuel is 
discharged at an acute angle with respect to the longi- 

11. The module of claim 10, wherein each of said pair of 

wherein said other of said pair of fluid inlets defines a 
non-swirl inlet and said one of said pair of fluid inlets 
defines a swirl inlet, wherein said non-swirl inlet has a 
flow area less than the flow area of said swirl inlet; 

wherein said main premixer includes a housing with a 
fluid flow passageway disposed between said pair of 
fluid inlets and said outlet, and wherein said fluid flow 
passageway includes an exit portion that is convergent; 
and 

wherein said pilot premixer includes a passage in fluid 
communication with said pilot outlet, and wherein said 
passage includes an exit portion that is divergent. 

12. The module of claim 11, wherein said outlet is an 
annular ring; 

wherein said pilot outlet has a substantially circular shape; 
and 

wherein each of said discharge openings is adapted to 
discharge the fuel into said second axial inflow swirler 
wherein the fuel is substantially atomized by the gas 
flowing through said second axial inflow swirler. 

13. An apparatus for mixing gas and fuel, comprising: 
a premixer including a first axial inflow swirler having a 

first plurality of vanes, said premixer including a hous- 
ing having a longitudinal centerline and a plurality of 
spaced fueling passages that allow the discharge of fuel 
into said first axial inflow swirler, wherein said plural- 
ity of fueling passages are inclined at an acute angle 
with respect to said longitudinal centerline; and 

a pilot premixer including a fuel dispenser and a second 
axial inflow swirler having a second plurality of vanes, 
said second axial inflow swirler disposed around at 
least a portion of said fuel dispenser, and wherein said 
premixer is disposed around at least a portion of said 
pilot premixer. 

than the flow area of said swirl inlet. 

10 

includes a longitudinal centerline; 

substantially concentric; 
13 

2o 

25 

30 tudinal centerline. 

fluid inlets is defined by an annular slot; 

35 

40 

4s 

so 

5s 

60 

65 
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14. The apparatus of claim 13, wherein said premixer and 
said pilot premixer are disposed concentrically about said 
longitudinal centerline; and 

wherein said plurality of spaced fueling passages are 
located radially outward from said first axial inflow 
swirler. 

15. The apparatus of claim 14, wherein said premixer 
includes a pair of fluid inlets spaced axially from a fluid 
outlet, and wherein each of said plurality of fueling passages 
are directed substantially towards said fluid outlet. 

16. The apparatus of claim 15, wherein said acute angle 
is about 45" relative to said longitudinal centerline; and 

wherein said fuel dispenser is a pressure swirl atomizer 

17. The apparatus of claim 14, wherein said premixer 
includes a premixer outlet and said pilot premixer includes 
a pilot outlet; wherein said premixer outlet and said pilot 
outlet are separated a radial distance by a separating member 
to minimize mixing of the fluid streams from said premixer 
outlet and said pilot outlet. 

18. The apparatus of claim 17, wherein said premixer 
includes a fluid flow passageway within said housing, and 
wherein said fluid flow passageway includes an exit portion 
that is convergent. 

19. The apparatus of claim 16 wherein said premixer 
includes a premixer outlet and said pilot premixer includes 
a pilot outlet; 

wherein said premixer outlet and said pilot outlet are 
separated a radial distance by separating means for 
minimizing the mixing of the fluid streams exiting from 
said premixer outlet and said pilot outlet; and 

wherein said premixer includes a fluid flow passageway 
disposed within said housing, and wherein said fluid 
flow passageway includes an exit portion that is con- 
vergent. 

20. The apparatus of claim 19, wherein each of said first 
plurality of vanes and said second plurality of vanes are 
substantially flat; and 

wherein said premixer outlet and said pilot outlet are 
disposed at about the same axial location. 

21. A gas and fuel mixing module, comprising: 
a premixer including a first axial inflow swirler having a 

plurality of fixed first swirler vanes, said premixer 
including a casing having a longitudinal centerline and 
a plurality of spaced fueling passages formed in said 
casing to allow the discharge of fuel into said first axial 
inflow swirler, said premixer including a pair of fluid 
inlets, wherein one of said pair of fluid inlets is located 
upstream of said first axial swirler and allows the 
passage of gas into said first axial swirler and the other 
of said pair of fluid inlets allows the passage of gas into 
said premixer without passing through said first axial 
swirler, wherein the gas entering the premixer through 
said pair of fluid inlets is discharged through an outlet, 
wherein said plurality of fueling passages are inclined 
at an acute angle with respect to said longitudinal 
centerline and directed towards said outlet; and 

a pilot premixer including a fuel dispenser and a second 
axial inflow swirler having a plurality of fixed second 
swirler vanes, said second axial inflow swirler disposed 

fuel nozzle. 

12 
around at least a portion of said fuel dispenser, and 
wherein said premixer is disposed around at least a 
portion of said pilot premixer. 

22. The module of claim 21, wherein said premixer and 
s said pilot premixer are substantially concentric about said 

longitudinal centerline; 
which further includes a member disposed around said 

pilot premixer and extending between said pilot pre- 
mixer and said premixer; 

lo said pilot premixer including a pilot outlet; and 
wherein said member extending substantially between 

23. The module of claim 21, wherein each of said fueling 
passages include a discharge opening located between a pair 
of said first fixed swirler vanes; 

wherein said premixer and said pilot premixer are sub- 
stantially concentric about said longitudinal centerline; 

wherein each of said pair of fluid inlets is an annular ring; 
wherein said outlet is an annular ring; and 
wherein said pilot premixer includes a pilot outlet having 

24. The module of claim 21, wherein each of said fuel 
passages is adapted to discharge the fuel into said first axial 

2s inflow swirler wherein the fuel is substantially atomized by 
the gas flowing through said first axial inflow swirler. 

25. The module of claim 21, wherein said pilot premixer 
includes a pilot outlet; and 

wherein said outlet and said pilot outlet are located at the 
substantially same axial position along said longitudi- 
nal centerline. 

26. The module of claim 21, wherein said premixer and 
said pilot premixer are substantially concentric about said 
longitudinal centerline; 

which further includes a separating member disposed 
around said pilot premixer and extending between said 
pilot premixer and said premixer; 

said pilot premixer including a pilot outlet having a 
circular shape; 

wherein each of said fueling passages include a discharge 
opening located between a pair of said first fixed 
swirler vanes; 

wherein each of said pair of fluid inlets-is an annular ring; 
wherein said outlet is an annular ring; and 
wherein said outlet and said pilot outlet are located at the 

substantially same axial position along said longitudi- 
nal centerline. 

27. The apparatus of claim 26, wherein said first axial 
50 inflow swirler defines a first swirl angle and said second 

axial inflow swirler defines a second swirl angle, and 
wherein said first swirl angle is greater than said second 
swirl angle. 

28. The apparatus of claim 27, wherein said first swirl 
5s angle is about 62" and said second swirl angle is about 30"; 

wherein said plurality of first fixed swirler vanes defines 

wherein said plurality of second fixed swirler vanes 

said pilot outlet and said outlet. 

20 

a circular shape. 

30 

3s 

40 

4s 

nine equally spaced flat members; and 

defines 16 equally spaced flat members. 
60 
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