COMBUSTOR NQZZLE Technical Field [0001] The present invention relates to
conbustors that nmay be used in conbustion turbines. WMre specifically, the
present invention relates to a nozzle systemfor injecting fuel into a
conbustor. Background [0002] Gas turbines play a predomnant role in a
nunber of applications, nanely in aircraft propul sion, marine propul sion,
power generation and driving processes, such as punps and conpressors.
Typically, a gas turbine includes a conpressor, a conbustor and a turbine.
In operation, air is fed into the %ysten1mhere it is conpressed by a
conpressor and a portion of {RMBYSTQRNGQELLE; xed with fuel. The conpressed
air and fuel mxture are then burned to cause an expansion, which is
responsi ble for driving the turbIechnijabBiekl 1 n an effort to reduce

em ssions, conbustors have been designed to prem x fuel and air prior to

i gni ti[0001] Pr eTheqardsehtimiverstival ralates baicomiatstoas thatwany be nypdriatombustioa turbines.
stoichionetric conbustion, which occurs during traditional diffusion
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em ssions. [0004] A typical conmbustor includes a plurality of primary fuel

nozzl egnfphdbe. surround a central secondary nozzle. Traditional secondary
nozzl es may I ncl ude passageways for diffusion fuel and prem x fuel al
wi thin the sane el ongated tubul arstructure. This type of nozzle often
i ncl udes a conpl ex structure of pggggﬁ%Qﬁis contained within a single
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diffusion tip in order to allow fuel to mx with conpressed air
propulsion, marine propulsion, power generation and driving processes, such as pumps and
compressors. Typically, a gas turbine includes a compressor, a combustor and a turbine. In
operation, air is fed into the system where it is compressed by a compressor and a portion of the
air further mixed with fuel. The compressed air and fuel mixture are then burned to cause an
expansion, which is responsible for driving the turbine.
[0003] In an effort to reduce emissions, combustors have been designed to premix fuel and
air prior to ignition. Premixed fuel and air burn at a lower temperature than the stoichiometric
combustion, which occurs during traditional diffusion combustion. As a result, premixed
combustion results in lower NOx emissions.
[0004] A typical combustor includes a plurality of primary fuel nozzles that surround a
central secondary nozzle. Traditional secondary nozzles may include passageways for diffusion
fuel and premix fuel all within the same elongated tubular structure. This type of nozzle often
includes a complex structure of passageways contained within a single tubular shell. The
passageways for creating the diffusion flame extend through the length of the nozzle. Premix

fuel is dispensed upstream of the diffusion tip in order to allow fuel to mix with compressed air

flowing through the combustor prior to reaching the flame zone, which is located downstream of



flowi ng through the conbustor prior to reaching the flame zone, which is

| ocat ed downstream of the nozzle. As a result, passageways for prem x fuel
are typically shorter than passageways for diffusion fuel. [0005]
Additionally, premi x fuel may be m xed with air upstream of the diffusion
tip and, nore inportantly, radially outward of the secondary nozzle
structure. In this type of secondary nozzle, prem x fuel is carried al ong
only a portion of the nozzle length until it is passed radially outward
fromthe nozzle body to a prem x injector tip.., At the injector tip, _.the
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continue to travel downstream along the renmainder of the secondary nozzle

| engt Hiffesien/fuplecone ni xed, allowing for nore efficient combustion within
the flame zone, downstream of the nozzle tip. [0006] While conpressed air is
hot, f[0@05]i s Aggiticallyypreonk fuah ncaynfamixsd rwitliTaie upstireper aft the @iffigidnf gy emd, i al s
flowi ng through the different passageways in the secondary nozzle may result

in  dithérelimpdridnlyclagially obiveirdref thexpeundaghodlle ishecti! & itlik fypd DEdedofdarpnst r uct
the nozzle. It is contenplated that it would be beneficial to sinplify the
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resulting fromtheir I nterna Xity, extrene Operating conditions and
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turbi ng. The .secondary nozzle c ise§g a flange and el gngat ed nozzl e
body AXPERUAAOHROAT 1o%6 PRflareine Apel AB0ett B lniav e dernstpRNE 16 spaced
radially fromthe nozzl e body and extends axially fromthe flange,
gener dPMgingeyr off the| seeendapie npese laagdodley poooe) mpd, abewing ooy mﬂsﬁze%@l%rrpri ses
a fuel source, a flange and a first nozzle tube

combustion within the flame zone, downstream of the nozzle tip.

[0006] While compressed air is hot, fuel is typically cool in comparison. The temperature
differentials flowing through the different passageways in the secondary nozzle may result in
different levels of thermal expansion of the materials used to construct the nozzle. It is
contemplated that it would be beneficial to simplify the secondary nozzles to reduce the high
stresses on the nozzle structures resulting from their internal complexity, extreme operating
conditions and thermal expansion differentials.

Summary of the Invention

[0007] Provided is a secondary nozzle for inclusion within a combustor for a combustion
turbine. The secondary nozzle comprises a flange and an elongated nozzle body extending from
the flange. At least one premix fuel injector is spaced radially from the nozzle body and extends
axially from the flange, generally parallel to the nozzle body.

[0008] The secondary nozzle comprises a fuel source, a flange and a first nozzle tube
extending axially from the flange. At least one second nozzle tube is spaced radially outward

from the first nozzle tube and has a proximal end fixed to the flange. The second nozzle tube is



extending axially fromthe flange. At |east one second nozzle tube is spaced
radially outward fromthe first nozzle tube and has a proxinmal end fixed to
the flange. The second nozzle tube is 2 fluidly connected to the fuel
source. The second nozzle tube has a distal end, axially spaced fromthe
proxi mal end of the second nozzle and having at | east one aperture therein.
A passageway extends between the proxinmal end of the second nozzle tube and
the distal end of the second nozzle tube, said passageway fluidly connects
the fuel source and the at |east one aperture. Brief Description of the

Dr awi A§4dly sorrsrtedity the fyek squres. o d&e second gztle (hevhasra disfabsadmsrity seassbust or
for a conbustion turbine having a plurality of primary nozzles and a
secondenmy the praxémalhendeph the 9@90‘? nergle apdihavingpedr lepscenievepeptueanthsteimx ebpl ar y
primary nozzles and a secondary nozzle. [0011]] Fig. 3 is a front

el evatpassagdwayi exvend$ betwpérutha iprdxymalfeng of thersycond nayas tuhn dnditheelistai dad yf thaozzl e
as shown in Figs. 1 and 2. [0012] Fig. 4 is a perspective view of a
secondasond zZleeuBs Said Wasshgewdydfuidly- Sonnedtd QS Ifudti Burce dndl thepParlkasdlone
perspective view of the secondary nozzle of Figs. 1-4. [0014] Fig. 6 is a
crossaﬁa Lonal view of the secondary nozzle of Figs. 1-5. [0015] Fig. 7 is
a schefmatic view of a portion of the secondary nozzle of Figs. 1-6. [0016]

Fig. 8 is a schematic vie ofgihe.gni eration of an exenplary
conmbustor. 10017] Fig. Q%rlef esCription of the o2t he | ean-| ean operation of
an ex ry conpustor. 0018] . Fi 10 is,a schematic view of, the, .
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having a plurality of primary nozzles and a secondary nozzle therein.

[0010]  Fig. 2 is a perspective view of exemplary primary nozzles and a secondary nozzle.
[0011] Fig. 3 is a front elevational view of a plurality of primary nozzles and a secondary
nozzle as shown in Figs. 1 and 2.

[0012]  Fig. 4 is a perspective view of a secondary nozzle as shown in Figs. 1-3.

[0013] Fig. 5 is a partial perspective view of the secondary nozzle of Figs. 1-4.

[0014] Fig. 6 is a cross sectional view of the secondary nozzle of Figs. 1-5.

[0015] Fig. 7 is a schematic view of a portion of the secondary nozzle of Figs. 1-6.

[0016]  Fig. 8 is a schematic view of the primary operation of an exemplary combustor.
[0017]  Fig. 9 is a schematic view of the lean-lean operation of an exemplary combustor.
[0018] Fig. 10 is a schematic view of the second-stage burning operation of an exemplary
combustor.

[0019] Fig. 11 is a schematic view of the premix operation of an exemplary combustor.



[00191 Fig. 11 is a schematic view of the prem x operation of an exenplary
conbustor. 3 Detailed Description [0020] Described herein is an exenplary
conmbustor for use in a conbustion turbine. The conbustor of the type
illustrated is one of a plurality of conbustors, typically positioned after
the conpressor stage within the conbustion turbine. [0021] Referring now to
the figures and initially to Fig. 1, the conbustor is designated by the
nuneral 10 and as illustrated is a dual stage, dual nopde conbustor having a

conbustor flow sleeve 12, ar ar . as§enbly 14 and a conbustor wall 13.
Radi al ly inward of the conbust@?iuﬁgikﬂ¥§l5WE provided a plurality of

pri mar el nozz|es, 16 and a secondary fuel nozzle 18. The npzzl 16, 18
serve li‘%{qﬁj nj eﬁfscwla%fh?rﬁ%staneexeraﬁmsmb%@r foropsson 3 gmkustipn wrine.c dBBust i on

(as well as cooling) is pressurized by the turbine conpressor (not shown)
and t rembustereefitecitypaillustrated isomig @b 8 pluraldly of eombnistoss iitnicslly positionedafieethe 12 and
a transition duct (not shown). Air flowinto the conbustor 10 is used for
bot h comiptessarstagamithinathe cambustibe ticbintbust or 10. The air flows in the
direction "A" between the conbustor flow sleeve 12 and the conbustor wall

13. Gqo06213! | yRefefiagaiohf toae figdressindahiciglly ® Figf i teadnibastesisideyvighfed by tw
because the direction "A" is in an upstreamdirection to the nornmal flow of
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10 includes a primary conbustion anber 42 and a secondary conbustion
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vent uri r‘oat  regi on ween the prirmary and secondary
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nozzles 16, 18 serve to inject fuel into the combustor 10.
[0022] Inlet air for combustion (as well as cooling) is pressurized by the turbine compressor
(not shown) and then directed into the combustor 10 via the combustor flow sleeve 12 and a
transition duct (not shown). Air flow into the combustor 10 is used for both combustion and to
cool the combustor 10. The air flows in the direction “A” between the combustor flow sleeve 12
and the combustor wall 13. Generally, the airflow illustrated is referred to as reverse flow
because the direction “A” is in an upstream direction to the normal flow of air through the
turbine and the combustion chambers.
[0023] The combustor 10 includes a primary combustion chamber 42 and a secondary
combustion chamber 44, located downstream of the primary combustion chamber 42. A venturi
throat region 46 is located between the primary and secondary combustion chambers 42, 44. As
shown in Figs. 2 and 3, the primary nozzles 16 are arranged in an annular ring around the
secondary nozzle 18. In Fig. 1, a centerbody 38 is defined by a liner 40 in the center of the

combustor 10.



secondary nozzle 18. In Fig. 1, a centerbody 38 is defined by a liner 40 in
the center of the conbustor 10. 4 [0024] Referring nowto Figs. 1-3, each
of the primary nozzles 16 are nounted on a rear wall assenbly 14. The
primary nozzles 16 protrude fromthe rear wall 14 and provide fuel to the
primary conbustion chanber 42. Fuel is delivered to the primary nozzles 16
via a primary fuel source 20. Spark or flame for conbustion ignition in the
pri mary conbustion chanber 42 is typically provided by spark plugs or cross

fire t t, shown). [0025] Aif Swirl b i ded. i ti
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fuel to provide an ignitable m xture of fuel and air. As nentioned above,
conbugssea®lnil4. iThe daimaye aozalesn] & potrederomsthe reaivall dhiad pravidenteliior et i on
"A, " between the conmbustor flow sleeve 12 and the conmbustor wall 13. Upon
r eac hipnignarn eomasstiomehdmtzs 42 niblgl is ddljverdietophepsmanyzedzles {6 Viacvwgimagifed | y

i nward between the conbustor wall 13 and the rear wall 14 into the primry

conmbusbires 20N BPAEK ot Aamédeki Ednatatidry ignithd Bk psilmary vahbusiion khymie 42rievi ded
with slots or louvers (not shown) in both the primry and secondary
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i ntroduce fuel into. the secondary conbustion chanber 44. The flange 22 may
be pr GPPeoMpPYsHopais dewyedn i theneprmessorsigviayte e theetitsrbigt VAndeYEn 18 on
the rear wall 14 of the conmbustor 10. The nounting neans may be a
mec harthe edgmbusiok gw, slesnie A2 asd the combustor wall 13. Upon reaching the rear wall assembly
14, the pressurized air flows radially inward between the combustor wall 13 and the rear wall 14
into the primary combustion chamber 42. Additionally, the combustor wall 13 may be provided
with slots or louvers (not shown) in both the primary and secondary combustion chambers 42, 44
for cooling purposes. The slots or louvers may also provide dilution air into the combustor 10 to
moderate flame temperature within the primary or secondary combustion chambers 42, 44.
[0026] Referring now to Figs. 1-4, the secondary nozzle 18 extends from a flange 22 into the
combustor 10 through the rear wall 14. The secondary nozzie 18 extends to a point upstream of
the venturi throat region 46 to introduce fuel into the secondary combustion chamber 44. The
flange 22 may be provided with means for mounting (not shown) the secondary nozzle 18 on the
rear wall 14 of the combustor 10. The mounting means may be a mechanical linkage, such as
bolts, which serve to fix the flange 22 to the rear wall 14 and which facilitate the removal of the
nozzle 18, such as for repairs or replacement. Other means for attachment are also contemplated.

[0027] Fuel for the primary nozzles 16 is supplied by a primary fuel source 20 and is directed

through the rear wall 14. Secondary transfer and premix fuel sources 24, 25 are provided



bolts, which serve to fix the flange 22 to the rear wall 14 and which
facilitate the renoval of the nozzle 18, such as for repairs or

repl acenent. Qther neans for attachment are al so contenplated. [0027] Fuel
for the primary nozzles 16 is supplied by a primary fuel source 20 and is
directed through the rear wall 14. Secondary transfer and prem x fuel
sources 24, 25 are provided 5 through the flange 22 to the secondary nozzle
18. Al though not shown here, the secondary nozzle 18 may al so have a

diffusjon circyit qr, pilot circuit for jnjecting fuel into the conbustor
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one prem x fuel injector 32. The secondary nozzle 18 is located within the
cent er9&dy 18 anayfdso kave grdiffusier airgwit orrmlet Firgydt fon mjechiag fuediptojthe eerabustor The
prem x fuel injectors 32 are arranged on the flange 22 in a generally
annul ao. confi guration, around the nozzle body 30, as best seen in Fig. 3.
Each of the premx fuel injectors 32 has a generally oblong or el ongated
Cross-[6€28]i ornble shamiaryherzle i &vetlprifes @nadzble Hodp.30Amdoadtass ean premikifigel 3, a
first side or end 34 of the injectors 32 is disposed proximte the nozzle
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outward of the first end 34. [00291 The prem x fuel 'injectors 32 are shown
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facilitate altrflow through the center and aro the nozzle body 30.

I n such an,arrangenent, the second ends,3 the prem x.fuel dnjectors 32
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conmbustor, 10 travels radially inward from outside of the conbustor wall 13.
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conbusti on chanber 42. Another portion of the air, by way of exanple 5 to
from the top. As best seen in Fig. 3, a first side or end 34 of the injectors 32 is disposed

proximate the nozzle body 30. A second side or end 36 of the injectors 32 is disposed radially
outward of the first end 34.

[0029]  The premix fuel injectors 32 are shown aligned directly between the primary nozzles
16 and the nozzle body 30 to facilitate airflow through the centerbody 38 and around the nozzle
body 30. In such an arrangement, the second ends 36 of the premix fuel injectors 32 are
disposed proximate the primary nozzles 16. Air flow “A” into the combustor 10 travels radially
inward from outside of the combustor wall 13. A portion of this air travels downstream, into and
through the primary combustion chamber 42. Another portion of the air, by way of example 5 to
20% of the total air flow through the combustor, travels radially inward past the primary nozzles
16 and the primary combustion chamber 42 into the centerbody 38 before travelling downstream
through the centerbody. The direction of this second portion of airflow along the flange 22 and
rear wall 14 is denoted by the letter “B” in Fig. 3. While other configurations may be used,
aligning the premix fuel injectors 32 radially inward of the primary nozzles 16, between the

primary nozzles 16 and the secondary nozzle 18, allows for maximum airflow into the



20% of the total air flow through the conbustor, travels radially inward
past the primary nozzles 16 and the prinmary conbustion chanber 42 into the
cent erbody 38 before travelling downstream through the centerbody. The
direction of this second portion of airflow along the flange 22 and rear
wall 14 is denoted by the letter "B" in Fig. 3. Wile other configurations
may be used, aligning the prem x fuel injectors 32 radially inward of the
primary nozzles 16, between the primary nozzles 16 and the secondary nozzle

18, al] f i m ‘ . . 1 e ook ' ; ile
or e st oetf i B ML Shlg bt lsBiridhfory 32 SERAERRSH el S SSigty
shapes may, al so be used, such as rqund, rectangular, triangular, etc. [00301
Ref er r{theg ShARGS 18Y plsgde ubedysuehds ipunfl. eeArsWRiciaP@ldly ice to Figs. 1-4, the
secondar nozzle 18 is shown including a nozzle body 30 and prem x fuel

i nj ect[89¥0132.R¢(§rrwesrm toeligs. ahhpad withecogruse dafeenge 10, Figs- 184 deseroaday in t he
centerbody 38 and surrounded by the liner 40 (Fig. 1). The nozzle body 30
ext endwzzk digistshewh anglidinglianadzzlexbesly o0 ervepreanit dndddoljgctd86. 32Thé\s deseritied body
30 has a generally elongated cylindrical outer sleeve portion 52 which
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| ocated within the outer portion of <cavity 3 1. The transfer fuel passages
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in an annul ar configuration. Transferless variants are known and may al so be
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spaced locations in an annular configuration. Transferless variants are known and may also be
utilized.

[0031]  The transfer fuel passages 64 are fluidly connected to the transfer manifold 51, which
is fed by the transfer fuel source 24. The transfer fuel passages 64 include a longitudinal tube 66
and at least one radial passageway 68. The passageway 68 is directed radially outward from the
tube 66 and is aligned with an aperture 71 in the wall of the nozzle body 30. The passageway 68
jets the fuel through the opening 71 to the outside of the sleeve 52 to mix with the air flowing
along the wall 52. A second opening 70 is shown upstream of opening 71 and provides an inlet
for air into the portion of the cavity 31 surrounding the central tube positioned within the nozzle
body 30. A portion of the air moving past the opening 70 is directed into the cavity 31 to cool
the nozzle body 30. The air in the cavity 31 is exhausted from the openings 58 on the end 54 of
the nozzle. The central tube feeds fuel to the nozzle end 54 for supporting a flame in the
secondary combustion chamber 44. (See Fig. 1 and Figs. 9-11.) The openings 70 are separated

from the fuel provided by passageway 68 and the additional fuel provided by injectors 32. It is



jets the fuel through the opening 71 to the outside of the sleeve 52 to m X
with the air flowwng along the wall 52. A second opening 70 i s shown
upstream of opening 71 and provides an inlet for air into the portion of
the cavity 31 surrounding the central tube positioned within the nozzle

body 30. A portion of the air noving past the opening 70 is directed into
the cavity 31 to cool the nozzle body 30. The air in the cavity 31 is
exhausted fromthe openings 58 on the end 54 of the nozzle. The central
tube feeds, fuel to the nozzle end 54 for supportin flame in t
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70 are separated fromthe fuel provided by passageway 68 and the additional
fuel PPV teetirephthe flaw phak igtp, the tnogae C?VIWo%l]edMWa hea il Ppssages p@aY Rgs may
be provided to mx the flow of fuel outside the nozzle body 30 or to direct
t he f lebwirpfeddf desimd.o t he nozzle cavity 31. Also, the fuel passages 64 may be
elimnated if desired. [0032] The outer sleeve portion 52 of the nozzle body
30 ext[eos23 frThe éer didcrvgertba SDokithedosilalbody PO 24tendd froini the Fhngd 22 keanozzl e
body 30 has at | east one aperture 58 for allowi ng the passage of
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tube portion. [0033] As nentioned above, fuel is supplied to the secondary
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flange 22, providing fuel to the transfer manifold 51, which is fluidly
connedPB¥™ to the transfer fuel passages 64. The prem x fuel source 25

extends into the fl_anag 22 and. is in fluid copmuni catjon with prenix
mani f 40083t hanbementdonedabys, fuel iy ypplisd todhmescorddry Bozzlcel 8xtheqrigh the transter
injectors 32.

. fuel source 24 and the premix fuel source 25. As seen best in Fig. 6, the transfer fuel source 24

extends into the flange 22, providing fuel to the transfer manifold 51, which is fluidly connected
to the transfer fuel passages 64. The premix fuel source 25 extends into the flange 22 and is in
fluid communication with premix manifold chamber 50, which is fluidly connected to the premix
fuel injectors 32.

[0034] The premix fuel injectors 32 extend distally from the flange 22 having a length that is
less than that of the nozzle body 30. A distal end 60 of the premix fuel injectors 32 includes
premix apertures 62 for dispensing fuel into the area of the centerbody 38 outside of the nozzle
body 30. The premix fuel is mixed with air flowing within the liner 40. When the mixture
reaches the secondary combustion chamber 44, the mixture is optimized for efficient combustion
in the secondary combustion chamber 44 (see Fig. 1).

[0035] Unlike typical secondary nozzles, where diffusion and premix fuel is discharged
through a single structure extending from a flange, use of a stand alone premix fuel injector 32
allows for a simplification of the nozzle body 30. The injectors 32 shown allow for less internal

passageways inside the nozzle body 30 than the typical nozzles. This simplification reduces the



[0034] The prem x fuel injectors 32 extend distally fromthe flange 22
having a length that is less than that of the nozzle body 30. A distal end
60 of the prem x fuel injectors 32 includes prem x apertures 62 for

di spensing fuel into the area of the centerbody 38 outside of the nozzle
body 30. The prem x fuel is mxed with air flowwng within the |iner 40. Wen
the m xture reaches the secondary conbustion chanber 44, the mxture is
optim zed for efficient conmbustion in the secondary conbusti on chanber 44

(see Fi 0035] Unl i ke i cal secandary fusiQn and
br o XUPirefH it SrORtary dioa®, 1Y o6 ey GG REn Pl i aly Bifim ik 1348

fl ange, use o stand al one prem x fuel |nje tor 3
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internal passageways inside the nozzle body 30 than the typical nozzles.
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may arise fromheat differentials within the nozzle structures 18, 32 due

t 0 t henot possibld with iraditiemgdseccandarg nodzléshe fuel and the pressurized air.
Additionally, the contenplated design is easier to maintain and allows for a
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[0036] In addition to the structures shown, the prem x fuel injectors 32 may
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apertures 6 di spenser tip structures nmay al so be used with the
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now t o al "prinmary" oper I rst
est abl i she i rlnary conmbusti on chanber 42, upstream of secondary
conbuéPF5W95W§H%§? 44. The fuel for this initial flame is provided solely

through the primary nozzles 16. In Fig. 9, a flame 72 is
g[0037] Referring now to Fig. 8, in a typical “primary” operation, flame 72 is first established

in primary combustion chamber 42, upstream of secondary combustion chamber 44. The fuel for
this initial flame is provided solely through the primary nozzles 16. In Fig. 9, a flame 72 is
established in the secondary combustion chamber 44, while flame 72 also remains in the primary
combustion chamber 42. To establish flame 72 in the secondary combustion chamber 44, a
portion of the fuel is injected through the secondary nozzle 18, while a majority of the fuel is
sent through the primary nozzles 16. By way of example, 30% of the total fuel discharge is
injected through the secondary nozzle while 70% of the fuel is sent through the primary nozzles
16. This flame pattern is indicative of a “lean-lean” type operation.

[0038] In Fig. 10, the entire fuel flow is directed through the nozzle body 30 of the secondary
nozzle 18, establishing a stable flame within the secondary combustion chamber 44. The flame
is extinguished in primary combustion chamber 42 by cutting off fuel flow to the primary
nozzles 16. During this “second-stage” burning operation, the fuel that was previously injected
through the primary nozzles 16 is diverted to the secondary nozzle 18 through the transfer fuel

passages 64. The transfer and premix fuel is injected upstream of the flame 72. The fuel and air



established in the secondary conbustion chanber 44, while flanme 72 al so
remains in the primary conbustion chanber 42. To establish flame 72 in the
secondary conbustion chanber 44, a portion of the fuel is injected through
the secondary nozzle 18, while a majority of the fuel is sent through the
primary nozzles 16. By way of exanple, 30%of the total fuel discharge is

i njected through the secondary nozzle while 70% of the fuel is sent through
the primary nozzles 16. This flame pattern is indicative of a "lean-Iean"
type L oR. j 0, nl: ' &1 aw i 5. di hr ough
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nozzles 16. During this "second-stage"” burning operation, the fuel that was
previdﬁ%ﬁ?mmﬁ?%bted through the prinmary nozzles 16 is diverted to the
secondary nozzle 18 through the transfer fuel passages 64. The transfer and
prem {0039 | Refemingcnawd tapBigr ddmoote ehuatlé flame7 &, estafdisheselin dkrd sedondary f | ow
t hrough the secondary nozzle 18 is considered to be relatively "rich" at
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By way of example, 83% of the total fuel discharge may be sent through the primary nozzles 16,
while the remaining 17% of fuel is injected through the secondary nozzle 18. Other relative
percentages are also possible.

[0040] A variety of modifications to the embodiments described will be apparent to those
skilled in the art from the disclosure provided herein. Thus, the invention may be embodied in
other specific forms without departing from the spirit or essential attributes thereof and,
accordingly, reference should be made to the appended claims, rather than to the foregoing

specification, as indicating the scope of the invention.
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By way of exanple, 83%of the total fuel discharge may be sent through the
primary nozzles 16, while the remaining 17% of fuel is injected through the
secondary nozzle 18. Qther relative percentages are al so possible. [00401 A
variety of nodifications to the enbodi nents described will be apparent to
those skilled in the art fromthe disclosure provided herein. Thus, the

i nvention may be enbodied in other specific forns without departing from
the spirit or essential attributes thereof and, accordingly, reference
shoul d be made to the appended cl ai rather than to the foregoing
specification, as indicating the s f the invention. 10 Clains Wat is
claimed is: 1. A.secondary nozzle for a gas turbine conprising: a flange;
an el onpteelamsdite body extending fromthe flange; and at |east one prem x
fuel injector spaced radially fromthe nozzle body, the injector extending
axi al ly frdm t hé fecengey ravaledenegasitipinggomprieingt o t he nozzl e body for a
portion of the Ilength of the nozzle body. 2. The secondary nozzl e accordi ng
to claimi1, whendlangd;he nozzl e body has a first Ilength and the prem x fuel
injector has a second length that is less than the first length. 3. The

secondary nozzl gn alagited Adkziebodl akehding WORItRE fladdecart | east one prem x fuel
injector conprises a plurality of premx fuel injectors arranged in an

annul ar array appRd ohdBrenl’Q Tl TrjQ8Sh¥%paced radially from the nozzle body, the injector
extending axially from the flange and generally parallel to the nozzle body for a portion of the
length of the nozzle body.

2. The secondary nozzle according to claim 1, wherein the nozzle body has a first
length and the premix fuel injector has a second length that is less than the first length.

3. The secondary nozzle according to claim 1, wherein the at least one premix fuel
injector comprises a plurality of premix fuel injectors arranged in an annular array around the
nozzle body.

4, The secondary nozzle according to claim 3, wherein the secondary nozzle is
disposed within a combustor having primary combustors arranged in an annular array around the
secondary combustor and the premix fuel injectors are disposed between the nozzle body and the
primary nozzles.

5. The secondary nozzle according to claim 4, wherein there is an equal number of
premix fuel injectors and primary nozzles.

6. The secondary nozzle according to claim 5, wherein each premix fuel injector is
disposed between the nozzle body and an adjacent primary nozzle.

7. A turbine combustor comprising:

a secondary nozzle having

11



4. The secondary nozzle according to claim3, wherein the secondary nozzle
is disposed within a conbustor having primary conbustors arranged in an
annul ar array around the secondary conbustor and the prem x fuel injectors
are di sposed between the nozzle body and the primary nozzles. 5. The
secondary nozzle according to claim4, wherein there is an equal nunber of
prem x fuel injectors and primary nozzles. 6. The secondary nozzl e accordi ng
to claimb5, wherein each prem x fuel injector is disposed between the

nozzl e body and an adkﬁcent primary nozzle. 7. A turbine conbustor
N ’ ange . ) . .
conprising: a seconaary Hozzl e having 11 a flange; a fuel source in fluid

comuni cation with the fl ange; first nozzle tube extending fromthe flange
and in fluid comuni @dtslspur Wntfﬁ'"ii rammyRication widbthe flaB8Rh t he f1ange: and at

| east one injector tube having a proximal end fixed to the flange and
extendi ng axi al |y al 8rfystanogglettnlsmexsgndingefrora thg fange and dn flupdseomygpnicatiopype,
the injector tube fluidly connected to the fuel source through the flange
and s epitr te dudl sauree theougb timetangeandet ween the fuel source and the first
nozzl e tube, and a distal end spaced fromthe proxi ml end of the second
nozzle. 8. The turbi aeleasindigsihjettonasheridiving 4 prokintdl rend , fixet & ehaflhdye aadcondary

nozzle further conprises at |least one third tube extending fromthe fl ange
and | agadn@mgVixiadllyhidnes porfish of BakSsth of the first nozzle tube, the injector tube fluidly
connected to the fuel source through the flange and separate from the connection between the
fuel source and the first nozzle tube, and a distal end spaced from the proximal end of the second
nozzle.

8. The turbine combustor according to claim 7, wherein the secondary nozzle further
comprises at least one third tube extending from the flange and located within the first nozzle
tube, the at least one third tube fluidly connected to a fuel source for selectively supplying fuel to
the combustor.

9. The turbine combustor according to claim 7, wherein the secondary nozzle is
surrounded by an annular configuration of primary nozzles.

10.  The turbine combustor according to claim 9, wherein the primary nozzles are
radially aligned with a plurality of injector tubes, such that each injector tube is positioned
between a primary nozzle and the centrally located first nozzle tube.

11.  The turbine combustor according to claim 10, wherein each injector tube has a
generally elongated cross section.

12.  The turbine combustor according to claim 11, wherein the first end of the

elongated cross section of the injector tube is located proximate the first nozzle tube and a

second end of the elongated cross section is located proximate a primary nozzle.
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tube, the at least one third tube fluidly connected to a fuel source for

sel ectively supplying fuel to the conbustor. 9. The turbine conbustor
according to claim7, wherein the secondary nozzle is surrounded by an
annul ar configuration of primary nozzles. 10. The turbi ne conbustor
according to claim9, wherein the primary nozzles are radially aligned with
a plurality of injector tubes, such that each injector tube is positioned
between a primary nozzle and the centrally located first nozzle tube. 11.
The turbine,co st.or . accordi to c¢laim10 erein each injectar tuybe has
2 Cgeneral 13- of AEAPBIRCHOLELRR dbufindd ime Y S BB ER 8 Sebl ot ng to
claim 11, erein the first end of the elongated crgss sectio f the

i ecuple e Sohrisen plirios oF racde fues pRened mb s PR OGN B Rd end
of the elongated cross section is |ocated proxinmate a primary nozzle. 12 13.
The t toBZlp&ibéonbust or according to claim 7, wherein the at |east one second
nozzl e tube conprises a plurality of nozzle tubes arranged in an annul ar
array around the first nozzle tube. 13
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