COVBUSTOR NOZZLE Technical Field [0001] The «present invention relates
to conbustors that nmay be used in conmbustion turbines. Mre
specifically, the present invention relates to a nozzle systemfor
Lnjecting fuel into a conbustor. Background [0002] Gas turbines play a
predom nant role in a nunber of applications, nanely in aircraft
propul sion, marine propul sion, power generation and driving
Jprocesses, such as punps and conpressors Typically, a gas turbine
includes a conpressor, a combpsh@hudf qwbﬂigbne In operation, air
is fed into the systemwhere I't i's conpressed by a conpressor and a
‘portion of the air further mxedwifh fyel, The conpressed air and
fuel m xture are then burned to cause-an—expan5|on which is
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di ffusion . conbustion. As a result, prem xed conbustion results in

| ower NOP¥NPSsi ons. [00041A typical combustor includes a plurality
of primary fuel nozzles that surr%yng a
ackground

[0002] Gas turbines play a predominant role in a number of applications, namely in aircraft

propulsion, marine propulsion, power generation and driving processes, such as pumps and

P

compressors. Typically, a gas turbine includes a compressor, a2 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



central secondary nozzle. Traditional secondary nozzles may include
passageways for diffusion fuel and premi x fuel all within the sanme
el ongated tubul ar structure. This type of nozzle often includes a
conpl ex structure of passageways contained within a single tubular
shell. The passageways for creating the diffusion flane extend

t hrough the length of the nozzle. Premx fuel is dispensed upstream
of the diffusion tip in order to allow fuel to mx with conpressed

air flown hrough the conbustar pri.or. to reachin he fl ane zone
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‘for pr e%ié% Nj ug{‘j are typically shorter than passageways for diffusion
fuel. | %‘]"A ]'ti onally, prem x fuel may be m xed with air upstream
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the remmi nder of the secondary nozzle |ength, they becone m xed, )
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downstream of the nozzle tip. [0006] Wiile conpressed air is hot, fuel
i s typidenenseddptg|the air dlewpreth. s 4a thetiyel and piresoatinnecto diap ¢ledommstregmsalong the
flow ng through the different passageways in the secondary nozzle nmay
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to construct the nozzle. It is contenplated that it would be

benef i ctombustipngyithin the flamp gongedwynsteam pfdhehagsletip. r educe t he high
stresses on the nozzle structures resulting fromtheir internal

conpl exl0P86] exWhdercompressed ds bainfiiel is sypcadip doolhie rcombarésepa e tamperature
differentials. Summary of the Invention [0007]Provided is a
secondatifferantiald Bowiog throeghuthie aliffanertt passagevwapsrbutht gecohdary aczaderbiag trésoh in
turbine. The secondary nozzle conprises a flange and an el ongat ed
nozzl e diffetgnteleves aif riberfunb expahsod lofine maktialseasd torenguuenihe doaeglk. It is
injector is spaced radially fromthe nozzle body and extends axially
f rom t henfemplatd, thgeneoald be racididlab sintplifih thersezonbary egles 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

~

[6007]  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



[ 0008] The secondary nozzle conprises a fuel source, a flange and a
first nozzle tube extending axially fromthe flange. At |east one
second nozzle tube is spaced radially outward fromthe first nozzle
tube and has a proximal end fixed to the flange. The second nozzle
tube is fluidly connected to the fuel source. The second nozzl e tube
has a distal end, axially spaced fromthe proximl end of the second
hozzl e and having at | east one aperture therein. A passageway extends
bet weengt. ' e C t ad .t he di.stal end
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Brief Description of the Drawings

[0009]  Fig. 1 is a cross sectional view of an exemplary combustor for a combustion turbine
i 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 priﬁary 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.



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. 5is a
partial perspective view of the secondary nozzle of Figs. 1-4.
[0014]Fig. 6 is a cross sectional view of the secondary nozzl e 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
Yhe primary operation of an exenplary conbustor. [0017]Fig. 9 is a

schematic view of the |lean-I|ea Efﬁi an exenpl ary conbustor.
J0018]Fig. 10 is a schematic vﬁDaQﬁ s t%ﬂnd-stage bur ni ng
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combustor of the type illustrated is one of a plurality of combustors, typically positioned after the
compressor stage within the combustion turbine.

[0021]  Referring now to the figures and initially to Fig. 1, the combustor is designated by the
numeral 10 and as illustrated is a dual stage, dual mode combustor having a combustor flow
sleeve 12, a rear wall assembly 14 and a combustor wall 13, Radially inward of the combustor
{ wall 13 are provided a plurality of primary fuel nozzles 16 and a secondary fuel nozzle 18. The
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.



Det ai | ed Description [0020] Descri bed herein is an exenplary conbustor
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 node conbustor having a conbustor flow sleeve 12, a

rear wa se .14 and c ustor, wall 13, Lally inward of the
combuse H02fE PRk oS sfesc HILARE Bl Biperg Porl B i Al onsfed Bz sras el
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as reverse_flow because the direction "A" is in an upstreamdirection
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chanbers. [0023] The combustor 10 inhcludes a primary combustion
chanber mggngefgombustion a afitfh feel ipprovide an igniskemixgye of Hekand @ird dwmsntienath
of, the primary conbustion chanber 42. A venturi throat region 46 is
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As shown in Figs. 2 and 3, the primary nozzles 16 are arranged in an
annul arthe cergbuston flny sideee Samhbiargmivstor vell 18, Upen Bachinglthe seacwall exstady

38 is defined by a liner 40 in the center of the conbustor 10.
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 caoling 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 nozzle 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



[0024] Referring now to Figs. 1-3, each of the primary nozzles 16 are
mounted 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 prinmary
fuel source 20. Spark or flane for conbustion ignition in the primary
conbustion chanber 42 is typically provided by spark plugs or cross
fire tubes (not shown). [0025]Air swirlers may be provided in
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44. [0026] Referring now to Figs. %-4, t he secondary nozzl e 18 extends
from a SYSFS Ol OB RO oA BF 1 7le: Yoy GRS ORY Spasiain Kiggl3 B offthe
secondary nozzle 18 extends to a point upstream of the venturi throat
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The flange 22 may be provided with means for nmounting (not shown) the
secondaffgm ity 3pe” A8 bew seeieiny Bigr nafirst sideqtr and S4cefrthe dnjertors $2 ixiisposed
mounting means may be a mechani cal |inkage, such as bolts, which
serve tBofimeterthendzziehpdy 39. thosecprd viderer eng|3p of thednigetplsi 32hs Hisposed radially
the renoval of the nozzle 18, such as for repairs or replacenent.

O her nedvwardobthedirst gahdknt are al so contenpl ated. [0027] Fuel for the
primary nozzles 161s supplied by a primary fuel source 20 and is

di r ect el@02Hr oulbire preveix elrinigetiors 324re Sovomatigred direetlydfeoreeanite pinsary xozlee!

sources 24, 25 are provided
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



t hrough the flange 22 to the secondary nozzle 18. Al though not shown
here, the secondary nozzle 18 may al so have a diffusion circuit or
pilot circuit for injecting fuel into the conbustor 10. [0028] The
secondary nozzle 18 conprises a nozzle body 30 and at | east one
prem x fuel injector 32. The secondary nozzle 18 is |located within
the centerbody 38 and is surrounded by the |iner 40, as shown in Fig.
1. The prem x fuel injectors 32 are arranged on the flange 22 in a
gener al l.ar i -al |
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aligning the premx Mel injectors 32 radially inward of the primry
nozzl esutiided.bet ween the primary nozzles 16 and the secondary nozzle
18, allows for maximumairflow into the centerbody 38. Likew se,

whi | e plf8Fdlx fThe tranpfeeelpassages Ghaseividbnconeagted ltothg ataesderonansfoldsid cwhio,
ot her shapes may al so be used, such as round, rectangul ar,
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reference to Figs. 1-4, the secondary nozzle 18 is shown including a
nozzl e dndclyle839d oamchdzt passageivaeb8.i Thamtagevd A8 ifdirebtsiondiblédowbad diont the
secondary nozzle 18 is located in the centerbody 38 and surrounded by
t he | i nebe 8andks gligndd with e aprotard H ib diciywaBl0ofehet renzis badyodly Thagassageway 68

| ongi tudi nal axis of the centerbody 38. The nozzle body 30 has a
gener aljbty tied fanightongh ehel dpeding Galto chatoatsidel of elveeslq@oe 52 an mb2 with itieheitdfdwing s
a{ cavity 31 therein. As shown, transfer fuel passages 64 are |ocated
Wi t hi n didig theivell SPOAtsecsnd@peniny 70 36 sBdwn Eheredri ansiedingfehnd pastRgasinkd
extend distally fromthe flange 22 and are arranged at spaced
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known and may al so be utilized. [0031] The transfer fuel passages 64
are fl uigdl B0CANPRESESE the afr Reovingdast BE opaarizi0l isl ddeicditoGhe 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



is fed by the transfer fuel source 24. The transfer fuel passages 64
i'ncl ude a | ongitudinal tube 66 and at | east one radial passageway 68.
The passageway 68 is directed radially outward fromthe tube 66 and
s 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 mx wth the air flowng along the wall 52. A second
opening 70 is shown upstream of opening 71 and provides an inlet for
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on the end 54 &f thg nozzl e. The central tube feeds fuel to the
nozzl e BYasd ¥dpsiefnnorting a flame in the secondary combustion
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4. (See Fig. .1 and Figs. ,9-11.) The ogpenings 70 are
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to direct the flow of air_into . the nozzle cavity 31. Al so, the fuel
passagelstge phypreaseurized #rrfEanadoside fcldp pawagepop 32| trafesuggunds the eenjral tube
portion 52 of thé nozzle body 30 extends fromthe flange 22 to a
di stal R4, The tip 54 of the nozzle body 30 has at |east one
aperture 58 for allow ng the passage of pressurized air frominside
of. t he 983y agebhmipentioned abovefuelos sepplicthie thesacendarst noaele B8 ithrpegh. the transfer
[ 0033] As nentioned above, fuel is supplied to the secondary nozzle 18
t hr oughfvelseurce 3h gidsthe preaix Suslipaiece2d. aprsiseen besp indfig 6, theatansforfuclsose 24\s
seen best in Fi % 6, the transfer fuel source 24 extends into the
f | ange @zndpingy/indiflaggefAZeprovidingtiuclite thesfapsferrraanifolsl ., $hichwhilwthlyicennected
fluidly connected to the transfer fuel passages 64. The prem x fuel
sour ce tPBhecixangfed fuel passageh 64.f ThapremPofualnuics 25 mx®hdsiioko ¢lenilange 82 tindis in
with prem x manifold chanber 50, which is fluidly connected to the
prem x fluiétommijigcation svitBDrenfi® @BAifdld ehgmtenB e, Whikd is flnjdyodonneted 20 the besarx
distally fromthe flange 22 having a length that is |less than that of
t he noZa¢lanibacky 330. A distal end 60 of the prem x fuel injectors 32
includes prem x apertures 62 for dispensing fuel into the area of the
cent er H0G84] 38 Thetpsémia fodl iitjlmsorn 62 2Xtendodistylly3om THedlapseld havingeal lergeh thhpied
with air flowwng within the Iiner 40. When the m xture reaches the
seconddess thamihnisefi the nedabentivdly 304, A diseal Bhk 601 6Lthe redfik ifie] 166ctbro132 includes
efficient conbustion in the secondary conbustion chanber 44 (see Fig.
1) . [ OGzé&hirpedafed §20fo€ dlspaRimg fakd linto Rz, tha\Bteebodly B8 WaisRe of i nozzle
ptem x fuel Is discharged

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



through a single structure extending froma flange, use of a stand -
al one prem x fuel injector 32 allows for a sinplification of the
nozzl e body 30. The injectors 32 shown allow for |ess internal
passageways inside the nozzle body 30 than the typical nozzles. This
sinmplification reduces the stress on the secondary nozzle 18 that
may arise fromheat differentials wthin the nozzle structures 18, 32
due to the variation in tenperature of the fuel and the pressurized
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type particularly shown. [0037] Referring nowto Fig. 8, in a typica
"prinar?“pBﬁgﬁawwﬁﬁ?ﬁﬁ? conslafynopflest established in primary
conbustjon chapber 42, upstream of secondary conbustion chanber 44.
The t hel%%%r By addition oy thg staugtirpss sy jthre presik oyl infrctpngy 32t My have a
primary nozzles 16, In Fig. 9, a flame 72 is established in the
secondafisPeasing uingi BHdlyneonnestedate onghpt mofq sate of sheaprsmiy apartures 627 Otleer
primary conbustion chanber 42. To establish flanme 72 in the secondary
conmbust dignenedh dith shrucdures mayorlss bp used thith theepremix fusl dejeworst 3 ofigie tipe
secondary nozzle 18, while a majority of the fuel is sent through the
pri mar ypatéearkyshawn. By way of exanple, 30% of the total fue
dischar%e is injected through the secondary nozzle while 70% of the
fuel is[088Ht tRefouigh noweo Fig. Reiny tyricat [rimaty’. opEtation,fflamee/ 2pafitseestablighed
indicative of a "lean-lean" type operation. [0038]In Fig. 10, the
ent i r e hpemafy epmbustiogi chemberd21 upsteaghofishendaoy edrebusticycl@tmbeaf44t ITde fuel for
secondar

thi>; 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

LN

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



nozzle 18, establishing a stable flame within the secondary
conbustion chanber 44. The flanme is extinguished in primry
conbustion chanber 42 by cutting off fuel flowto 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 prem x fuel is injected upstreamof the flane 72. The

berel agd f&“gh'rt?%vﬁﬂtﬂ%‘%*‘l?ﬁ?%@tﬁg%ﬂ%@%ﬁ OBy “%iﬁhe’pé%ﬁ%% Shfehite
“t hr ough i - _ e
i endelpoPget B R Bbiks A6 Guge Feidal, RAYE AR ARGt SEB prencs

st abl e ﬁ;ab lJisﬁonestablished in the secondary conbustion chanber 44
and the'f 4 I'S"extinguished in the primary conbusti on chanber 42,

fuel fl y restore the primary nqzzles 16 d. t.he fuel flow
ot ne BN RErRBE R T e PR (Bt d ud 3 B reboRia e siencey
extingui shed.fromihe prinpry copbustiq hanpber. 42, the primar

oz 7l s %@mﬁerp”f“e?ﬁdgiﬁ? Harpp /3 Rgngined "rbgt'érﬂ"%‘a%ﬁ%?q&'ﬁg chopher 42
the fla s maiptained in the secondary co stion chanber 44 as a
Fosul ¢ P Aema he GreEp et G H010 151 DS chobiedhegondgBoReatie The
total fuel discharge be sent through the primary nozzl es 16

whi | e tifgeduestniffcaye iR a3 Bpeny %tlvwsgeq @antﬂ?ﬁ RSifRAHY £orabustie Ftambsr 42,
ngzzle 18. Qther relative percentages. are also possible. [0040] A
vgr i et yhePrifmaR; 1922lst 1 @A 356 RRRIEHBHGIREIRSS PIRaRIKT PRrEetioR; medepthe flame s
apparent to those skilled in the art fromthe disclosure provided

her ei n. maiRgied imibe sererdary Gpmbustiomehagbt it s Tesulbelhe venvat fhroas reginnrAs.

w thout_departing fromthe spirit or essential attributes thereof

and, addvyay plgpmpleesiSe ehthe t#ldigl disphargpanay hegsentbrongipiba geimary rezales, 16,

rather than to the foregoing specification, as indicating the scope
of the Whileethe irgmainingl AYonef faplais injected throngh thessecondary 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 aftributes 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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1. A secondary nozzle for a gas turbine conprising: a flange; an

el ongat ed nozzl e body extending fromthe flange; and at |east one
prem x fuel injector spaced radially fromthe nozzle body, the
injector extending axially fromthe flange and generally parallel to
t he nozzl e body for a portion of the length of the nozzle body.

2. The secondary nozzle according to claiml1, wherein the nozzle body
has a first length and the prem x fuel injector has a second |l ength
that is less than the first |ength. 3. The secondary nozzle
according to claim1, wherein the atClpst one premi x fuel injector
conprlﬁﬂﬁt%(g&ﬁq@hgty of prem x fuel injectors arranged in an annul ar
array around the nozzl e body. 4. The secondary nozzle
according to claim 3, wherein the secondary nozzle is disposed within

a conbustor having prijgary n |l es arranged in an annul ar a

around the SecontaitonsD, tert fr aree SR CompEring:{ dobes an 4jqptited nozzle
di sposeddpetterifg ﬁbﬁl ﬂnemh@, Qﬁd)ét Rhsttdie pra@aRNRal ijdddE %bﬁ:e@-fi‘ﬂhilnﬁfmm the
prl mary nozzl es. he secondar&lpnozzl e accordi ng to claim 4

wher ei AC%2febeddy; éhealﬁJeéwaérteﬁ‘é}ﬁs)éwaHr figrethie flange pnd generallyrnarallshtogthe mazaje
nOZZ|eﬁoﬁxﬂWF80ﬂﬁnd¥ﬁéIQQQQHp@EMO£ﬂQ§M§ according to claim5, wherein
e

each pre I nj ector I spose tween the nozzle body of the
secondary nozzle and an adjacent prlnary nozzl e. 7. A turbine

conmbustor cqnpri secon e having. a flan
cource i Trura ThhkeafiRy ORISR RERE AR o Vet BP S pedit s s
ext endiengthf andithé fremi fuBDiRjcafdd hidh fekoidd QMM isdadsitiodh it filkt teRgmf uel

source through the flange; and at | east one injector tube, aving a
proximal end fixed to the flange and extendi ng, independently of the

first nozzl g tubepe gotbRdary n@éz@@&:c@ldlﬂfg fol @nOf, \%ﬂ.é‘?elh ?lﬂagztlth ﬁ@ﬁeffn'l)[ filel
w etk

nozzl e tube, the injector tube fluidlYy connected t source

t hr ougl’mJ@dh@r fonzmiges apthirdgp af aranik fogh mjeretorsommged onalbemmramaherdumélthe
source and the first nozzle tube, and a distal end spaced fromthe
prOX|na? end’gf t he second nozzl e. 8. The turbine conbustor
according to claim7, wherein the secondary nozzle further

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

secondary nozzle 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 of the secondary nozzle and an adjacent primary nozzle.

7. A turbine combustor comprising: a secondary nozzle having a flange; a fuel
source in fluid communication with the flange; a first nozzle tube extending from the flange and

in fluid communication with the fuel source through the flange; and at least one injector tube,
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conprises at |east one third tube extending fromthe flange and
| ocated within the first nozzle tube, the at | east one third tube
fluidly connected to a fuel source for selectively supplying fuel to

t he conbustor. 9. The turbine conmbustor 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
aligneg with a plu all%ﬁ@ in ector tubes, such that each |ngec or
tube i $aPBSRIISHEA! Bk bnesdrio éhep mgsrapd siEdiae ARdeperdentlys of Hig iyt nosalstake,

first nozgl QlohEQ%ortmn of the, l(]:ﬂ%th Ef‘ﬁletﬂﬁtlﬁb%e fBEhys In?? ctéd I%ri‘ml&‘lg éﬁ)ﬁnected to

claim 10, wheréin each injector tube has a genera el ongat Cross
sect i ofhe fuel sourceXprougihthettlanke m@i spastesiron tlrcmaonetiting bt:twe@h dienfudlisource and

wherein the fi end pf .th ted 085 S8 ct|o of th ect or
tube | 9GS Bl 45 PheR R SR i T R et o BHE o
the el ongated cross section is |located proximate a primry nozzle.
13. The turbine cgnbustor according to claim7, wherein the at |east
e turbine combustor according to cla1m 7, wherein the secondary nozzle further

one i nj ect of- t ubd

comprises at Ieast 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.

0. 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.

13.  The turbine combustor according to claim 7, wherein the at least one injector tube

comprises a plurality of injector tubes arranged in an annular array around the first nozzle tube.

14, A combustor for a gas turbine comprising: a fuel source; a plurality of primary

nozzles located in an annular array around the combustor; a secondary nozzle axially centered
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conprises a plurality of injector tubes arranged in an annul ar array
around the first nozzl e tube. 14. A conbustor for a gas
turbine conprising: a fuel source; a plurality of primary nozzles

| ocated in an annul ar an-ay around the conbustor; a secondary nozzle
axially centered between the primary nozzles and having a flange; an
el ongated first nozzle tube having a proximal end adjacent the flange
and extending into the conbustor fromthe flange the first nozzle

t ube bei nlca on with the fu oyrce: an | east
one. pr Seieeh b olrp 0RHS REnR0nta: Mald® ph HloneBBH ¢ pPlle Blog 0% =
ext endipRgitafl énddadjeehi i fYegeraal lextepainglihel thé @ombesidd fisth HeFahge, tthd Erst
along a portlon of the.length of the first nozzle tube, the premx,

i nj ect 8PZZMbS) ngéﬁé@éhcmﬁmﬁﬁ@nfwls thefiel spwrogi and a4 Aepst rigi RIPIX injector
ConneCthQQné q ﬁr&ﬁmapgﬂd RO t%ethé hﬁl%&gdhdt&?enm ?QH% cﬁﬂ:gné?g ! ubg };a{a@igl e

connecti on between the fuel source and irst nozzl
di st al ﬁeﬁdtosqiawd alyegweeridnhe thy bxgﬂmﬂf ﬂ‘@rﬁiStOfOZﬂh@Jlfel the tprenaiz ijectouiadially

and the di flrs 0

accor antiged 5o P aobdf ubioRd ARERY tEpbtRTio e fihanRotiofl BTN Sho
first aﬂﬁlzﬁeﬁr@ﬂﬂthf: ldeime‘éﬁbﬁ Bﬁﬁleaﬂﬂletfhﬁ sPinicBRfiy tHRCkEd mzarrebd land latdmlal end
communi cation with the first fuel source and at | east one

first sepest detispl thyy Piopianahend of dhe Hrsbnogzlariube ppg ther Gstal end q»f t\hF @m nozzle

comuniggation with the second fuel source. 16. The conbust or
according to claim 14, further conprising a rear wall |ocated
adj acent the flange, wherein the primary nozzles extend fromthe rear

val | . 15.  The combustor according to claim 14, wherein the fuel source comprises at least

first and second fuel sources and the primary nozzles are in fluid communication with the first
fuel source and at least one of the first nozzle tube or the at least one premix injector is in fluid

communication with the second fuel source.

16. The combustor according to claim 14, further comprising a rear wall located

adjacent the flange, wherein the primary nozzles extend from the rear wall.
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