22140630 -1- SWRLER AND FUEL IhUECTOR FOR A’ GAS TURBINE CCNBUSTCR The S
present invention relates generally to- an |nproved S E |- '"
flnjector for a gas turbine engi ne conbustor, ‘and, 2222 Z%EB%§£5F , ﬁo
improved. swirler - and. fuel injector for '|ndependently supportlng L

'prlnary and. secondary recircul ati on.-zones within the conbustor ‘to.extend o

operating range. Systems-for mixing air and fuel so as to establish stable
recircul ati on zones where conmbustion can occur in a gas turbine are '
wel | -known in the art and take various forms. Gas turbine conbustors used
in aircraft engines also need to operate over a range of fuel-to-air
ratios, as the total flowof fuel s varied to adjust. the power
output of the engine. A rich  -2- fuel-air ratio is desired. at
low fuel flow for  stable conbustion while a lean fuel-air ratiois
desired at high fuel flow to reduce snoke. A typical swi.rler-fuel injector
assenbly enploys a central fuel injector dispesed within an assenbly of air -
swirlers receiving pressurized air fromthe gas turbine conpressor- at the
~inlet end of a gas turbine conbustor Atonmized fuel is sprayed into
the air flow froma pressure atom zing spray nozzle or fed in froman

airbl ast atomi zer,gefprve AND FUEL INJECTOR FOR A GAS TURBINE COMBUSTOR

TN
X

The present 1nvent10n relates generally to an impreved
sw1r1er and fuel 1n3ector for a gas turbine englne combustor,
and, more spec1f;ca11y,_ to an ;mproved swlrler and fuel
injector for independehtly ;Suppofting primary and Secondary '
recirculation zones within the combustor ¢to extend .epereting
-raﬁge. | |

'Systems for mixing-ai} and fuel so as to_establish stable
recirculation zones'whére combustion.cen occur in a gas turbine

are well-known in the art and take various forms. Gas turbine

&

- combustors used in aircraft engines alsoc need to operate over a
range of fuel-to-air ratios, as the total flow of fuel is

varied to adjust the:  power dutput of the engine.: A rich



that atom zation of the fuel will be largely acconplished by high velocity
air flow. In nodern high tenperature gas turbine conbustors, '
especially those wutilized in aircraft engines, . the maxinmm possible
fuel~alr, ratio operating range is desired between flame blowouts,
| .e” ‘extinguishing of flaneg, Gi2- engi ne decel eration transients, and
the high power limt, inposed by visible snoke production.  Techni ques
previ ously used to extend the -operating range. include variable
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i.e., supply of fuel only to selecte tuel "nozzres wer .
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decreased reliability of the conplex mechanical arrangenent required to
vary the confdewotogeeduteysmbbebl eAabypical cwiilsrotaednihgctop Ssanblyar
rows of swirlers with independently varied fuel flow frominjector nozzles’
in the inner ®RAC¥Tt 8r CPBHE2L TRRel sinisskare iisposednwd thinadrmarasseedlyu®s o
the rel ati veaggnpgwei?e 'rl t her eof - In selective _fueli

. -3 , th . '
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' atomizing sptay nozzle 6r.fed in from an airblast atomizer, so
that atomization of the fuel will be largely accomplished by -
— high velocity air flow. - |
~ In modefn 5igh temperature gas turbine combustors,
especially those utilized. in aircraft engines,. the maximum
possible fuel-air ratio operating range is -désjred. between
flame biowoﬁts, i.e. extinguishing of .flame, on -engine
deceleration traﬁsienté,;and.the high'power limit, imposed bj
visible smoke production. Téchniques previously used to extend
the 'operétihg range include variable geometry 'combustOrs,
double annular cqmbustors, and selective fueling, i.e., supply
of fuel only to selected fuel no;zles at low power.'

Vafiable geometry combustors have the disédvantage of.
added cost, weight  and decreased reliability of the complex.
mechanical arrangement required to vary the combustor geohetry.

_'Double ‘annular combustors employ two coannular rows of
swirlers with independeni_:ly varied fuel flow from injector

nozzles in the inner and outer rows. This arrangement also has

. disadvantages due to the relative complexity thereof.



li quid hydrocarbon fuels. According to the invention, there is prOV|ded a -
swrler and fuel injector for a gas turbine conbustor having neans- _
supplying -air to an upstreaminlet end thereof,. said gas turbine conbustor:
aliso including a source of fuel and fuel flom1control means, the swirle
and fuel injector conprising: annular flow di recting neans mounted in Said
inlet end; a fuel injector body centrally disposed within said annul ar
flom/dlrectlng means and bei ng connectable to said source of fuel; a
tubul ar nmenber di sposed nutual |y coaxi¥ with and spaced between sald fuel
i njector body and said annular flow directing neans and defi ning
respectively therewith an inner annulus and -an outer annul us; prinmary air
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Sald I'nner “annul us as prinmary and I nto sal r annul us as. secondary

fuel dowgsineam ohisaifatesondasycti I Gedildrey MFReguddtlpy Osh¥odnter
presel ected portion of operation of said conmbustor to support conbustion in

said deidabler earbon| atcumuloricn dmd thied nozizllesr whitchearbavshngta
downstream end di sposed downstream beyond a terninating end of said fue

channel ioff dmarnisgt podtiome of prherenginelis Memtgnnz Shwmer whenl bl}rni.llgn n

sai d tubul ar nenber for
: liquid hydrocarbon fuels.

Aécording.to-the invention, there is provided a swirler <
and fuel 1njector for a gas turblne combustor having means \:
supplylng air to an upstreanm '1n1e‘t end thereof, said gas
turbine.combustor.also including a source of fuel and fue}n

| flow control means, the swifler-and fnel injector comprising:
-annular £low dirécting'means mounted in said inlet end; a
fuel' injector body centrally disposed within said annular
flow directing means and being connectable to said source of
fuel; a tubular member dlsposed mutually coaxial with and'
spaced between said fuel injector body and said annular flow '-\
directing means and défining respectively therewith an inner
annulus and an outer annulus; pfimary air swirler means and
éecondary air swirler means.fof sWirling_f;r entefing said
inner and outer annuli respectively; fuel channeling neéns'
disposed in said fuel injeéton body-fnr éhanneling fuel from
said fuel source into said inner annulus as primary fuel and
into sa1d outer annulus as secondary fuel downstream of said
secondary air swirler means during only a preselected portion

of operation of said combustor to support combustion in said



receiving a nlxture of said primry fuel from-said fuel channeling neans
-and air fromsaid prinary air swirler nmeans, and to define ‘a

secondary recirculation zone radially surrounding said tubular menber for
receiving a mxture of said secondary fuel fromsaid fuel channeling neans
and air fromsaid secondary air swirler neans -5- Preferred enbodinents
of the invention, together with objects and advant ages thereof, are
nor e particularly described in the foldewing detailed description
taken .in conjunction with the acconpanying draw ngs, in which: Fig. 1is a
sectional view of ‘an exenpl.ary conbustor of a gas turbine engine

isncluding a swirler and fuel injector sinplified or diagramatic form Fig.

2 is a end view of a portion of the gas turbine conbustor taken along |ines
I1-11 of Fig. 1, Fig. 3 is,an enlarged cross secti,gnal . view of qpe f.or m of
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I nventi on, recirculation zone radially within sald tubular membeg for
receiving a mixture of said primary fuel from said fuel
channeling means and éir from said priméry:'air swirler
N\ means, and to- défi_ne a secondary recirculation zone
o '~ radially surrounding said tubular member for 'receivir_lg a

mixture of said secondary fuel from said fuel channeling

means and air from said secondary air swirler means.



Fig. 5is an end view of an alternate form of primary air swirler in
accordance with the present invention. Fig. 6 is a S|an|f|ed sectional
vi.ew of an upstream end of .an exenpl ary conbustor of a gas turbine englne _
i icl uding a -6- .nodified formof the swirler and fuel injector using,
moment um st agi ng, shown under |OM/g§S turbi ne power conditions, Fig. ?‘fs
‘the sane swirler and fuel injector I n Flg 6, but illustrated under high
gas turbine power conditions, and Fig. 8 is an . enlarged cross-sectional

el evation view of a nodified formof portions of the inproved swrler
and fuel injector for use with the nodification shown in Figs. 6 and 7.
"Referring now to Figs. 1l.and 2 of the drawing, an exenplary gas .-

.

turbine conbustor is illustrated wthin the operating environment of
a gas turbine aircraft engine, t he ot her parts of which are conventi onal
and. are -not illustrated. The illustrated part of the gas turbine includes

an outer casing 10 and an inner..casing 12 having an upstrean1|nlet 14 .
suppl yi ng-conpressed air froma conpressor (not shown) to sustain
conbusti on of PnetewrbhlnembedgmentsrboﬁethenbmsVentshnwntggﬁbharlylhh 16
"As shown in Figs. 1 and 2, the gas turbine conbustor 16 is of the annul ar-
type, a|tf6b§§bt§'isaﬁ@ advantages thereof, are more particularly

desc;ibed' in the ﬁdllowing detailed deScription taéén in
.cohjunctiqn with the accompanying drawinés. in which: . : - |
Fig. 1 is c_sectional view of an_excmpla:y combustor of a\;) |
gas turbine engine i_nc_luding a swj.rl_er and fuel injectot Q |
. simplifiedlor_diagtahatic form,
_'.Fig.'z' _i-s a end view of a éo’rtion of the gas. turbine
combustor takeﬁ along.iines_II-II of Fig. 1,

Fig. 3 is an enlarged_crosc sectional. view of one form of
the improved swiflef and fuel injector of the preseht'invention,

Fig. 3a is a.\dew, taken along iines A-A of Figure 3,
through a single vane of the primary air swirler 1looking
fadially inward toward_a porcion of the fuel injector body,

Fig. 4 _ic' an enlarged cross sectional view of ang:)
alternate form of _portions of the improved swirler 'and' fuel
injector of the presect invention, -

| Fig. 5 is an end view of an altérnate form of primary air
‘swirler in accordance with the: present 1nvent10n.

Flg. 6 is a simplified sectional view of an upstream‘end

of an exemplary combustor of a gas turbine engine including a



be understood that any type, either the ~annular or the can-annular
configuration may be enployed with the present invention . An outer
annul ar liner. 18, an inner annular liner 20 and an annul ar done 22 define
together, between them an annul ar conbustion chanber 24. ~ A flow dividing
extension 26, with inlet 28 divides ke airflow from passage 14 into an
outer -air passage 30 and inner air passage 32. Suitable apertures, such as
34, supply cooling air from passages 30, 32 to cool the liner in a manner
well -known in_the _art ent conpusti on roduqts are di sgcharged from
the downst Pedkfied SPIE'OI?JU H’FZ%J"E Be%uF‘BPﬁE BFad'éé‘“@ng'ﬂ OMERHT
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i nj ector is bfought in through a flanged fitting on the outer casing

10. Each lm.eahar13ﬁus§:§mluxﬁab:bm@hp§h§aturﬁmé Power 4€omdik PorfS,C ARl Y
fuel pipe 42 connected to a conventional fuel source-and control system 43.
‘The control systBigd38i ks edd eenlamddrcraapsisacitignadt allevadlionl mzi/euncbffcar
regul ating the division of fuel between primary and secondary fuel pi
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_Referring now to' Figs.-l_ and 2 of the dfawing, an
exemplary gas turbine combustor is illustra’ted wiﬁhin the
o‘perating environment of a gas tur_bine airéraft_ engine, the
-other parts of. which are conventional and are not illustrated.
The illustrated pért of the gas turbine includes 'afx outer
casing 10 and an.innér casing 12 having_an upstreém inlet 14

- supplying compressed air from a compres'sbr (not shown) to

'Sustaih c"ombustién of fuel within the gas turbine combustor
\./ - shown generally at '16._.'As shown in Figs. 1 and 2, the gas-

turbine combustor 16 is of the annular type, although it is to



flow split between primary and-secondary may be controlled by either a
pressure regul ated valve or by a control system sensing engine flow and
controlling fuel-air ratio directly. A type of control systemis o
contenpl ated herein in which primary fuel flow is always present at ay
sufficiently high fuel-air ratio<m sustain conbustion and in which
secondary fuel flowis "staged" or added at increased power - |levels -
at a position separate fromthe primary fuel flow St agi ng increases to a
‘poi nt which, at maxi rum power of the gas turbine, is still below the '
snoke Peri vRAGrsiqRd - Jfhat r AR, tYPey s eiddfy oithe s awMildEd Reretheas
bi nodal fuel control . gi.'s osg’d' in each_ﬁf the .circunfe entti al Ix, spacgd )
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shape .of n\ih €{bd S beST §§€§P a8nG19r dinefhqgbafdd eiéﬁeéiaﬂiﬁgg%mprlﬁérgt:e(:t

the structural . dome 22 fromthe conbustion f'Iame-ln _
- assenbl yo 4nd | 8n - AHROIA cdome 132 @afine f ¥RgetReRCl BEtwedn dWém an

collectively conprise .a- swirler. and .fuel injector, or sinply .. :
Swi r | eranmpkat ocombistiofhehamber! @4. 43 i fibdwdétvidimg r ektdhsibhclei, s open
at both ends to serve as an-annular flow directing nmeans for conbustion air
i nto cowbtdtinlet RirskdvidesathenRisRley framopassage ald olntiohsheouterhe
center of each baffle 44. ~_ Disposed coaxi aI.Ix al ong tnti: centerline  '-9-
S air passage 30 and inner air passage 32.  Sulitable apertures,
such as 34, supply cooling air from passéges 30, 32 to cool the
liner in a manner well-krnown in the art. Spent combustion <
products are discharged from the downstream end of co'mbust:ionc
.chambe'r 24 to turbine blades (not shown) to turn the compressor
and to create thrust.

A_fuel injector, one of which is shown generally at 36,
is provided at each of a number of circumfer_entiallylh'space_d
opénings 38 around the dome 22; Each such injector 36 is
‘brought in through a flanged fitting on the outer éaéing 10.
Each injector 36 is supplied by a primary fuel pipe 40 and a
secondary fuel pipe 42 connected to a ‘conventional fuel source
and control system 43. The control system 43 is effective for ,
regu'lating. total ‘fuel flow and for r_egulat-irig the division of
fuel between primary and secondary fuel pipes 40, 42. Total

fuel flow is controlled in accordance with a desired power

output between selected maximum and minimum 1limits, whereas



axis of barrel 46 is a fuel injector body 48 of the injector 36 indicated
only in sinplified fashion in Figs. 1 and 2. A tubul ar nenber 50 is
coaxi al Iy di sposed ahd spaced between the fuel injector body 48 and annul ar
flowdjrecting neans 46 to provide an outer annulus 52 and an inner annul us

54. er annulus 52 is further subdigd ded by a venturi tube 56. The
venturi tube 56 serves several functions. It provides a flane
hol di ng surface fromwhich the flame beconmes fixed in space. . In addition, .

because the venturi, exit is the source of the recirculating airflow inside

the conbustfdP¥ SRHYY REGIRER REIMAE 3RnFRFORAYEY | MEYuPSt IRAMHEYD kack Ml
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surface is ganathde@ngeheakeBLSaha conﬁeglﬂﬂnacwéﬂ@&ff pitio diP&cu%.r oA

enbodi ments - of “this invention, two distihct recirculation zones

used and seaype dddidontiall S¥shameisi Toptewpdaded hekBPf€ inbQidicH Uptimdry
menber 50 and venturi tube 56 provide such surfaces. Primary air swrler
means 58 arfwedi spbsed iisn sheaysneresent| at 54 soufifietentdyy hdbigh sfuel-edir
means 60 are disposed in the outer annulus 52. Primary fuel flowis
suppl i ed f I@FIChECT GEFtpiPecamPyFHinypnd fife|whitchrisgaandary, | fued? flawv is
secondary fuel flaow is suppljed fromthe fuel pipe 42 through conduit neans
64 ext endi n@eétaﬁfgughmfhea‘ﬁfer AF a?‘?c’é?x?ﬁ‘gr ‘Wg'&ﬁs 1gyelsn: f% ha RREttion .
.annglus 52&%3@@%&56%T&H éﬁgiﬁfﬁﬁﬂgﬁryuéirflow; Staging increases to a

o point which, at maximum power of the gas turbine, is still
\— ' '

- below the smoke limitihg 'fuelfair ratio. This control is
~ 'defined herein as bimodal fuel control.
Disposed in each of the circumferentially spaced inlets
.38 of doﬁe 22 is a flared substantially rectangular'bafflé 44,
'tﬁe shape_of which is best_éeeh in Fig. 2. The baffle 44 is
used to protect the -strucfural dome 22 from the combustion
flame in 24. | |
A swirler assembly 45 is associéted with each fuel
injector 36 and coilectively; comprise a swirler and fuel
U iﬁjector, or simply swifler-injecto; 47. The swirler 45

includes a barrel 46 which is open at both ends to serve as an
annular flow directing means for combustion air into combustion
chamber 24 and which is di;posed in a round hole in the center

of each baffle 44, Disposed éoaxially‘along the centerline



' and tub

-10- swirler nmeans 60. Tubul ar nember 50 has a downstream end 66, which

ext ends

.46 has

-downstream beyond nozzle 62. Annul ar flow directing means

a downstream end 68 which extends downstream beyond downsiream

end 66 of the tubular menber. Referring now .to the enlarged cross \
sectional view of Fig. 3, the details of a preferred enbodi ment of the

‘inproved swirler. and fuel injectors47 will be discussed. Fuel injector

body 48

i s conveniently manufactured as four coaxial nenbers conprising a

solid core piece 70, inner cylindrical piece 72 defi-ning wth core

an annu
| ongi t u

t er mi natingdidates pﬁeézurlen aﬁenpiiﬁgeﬂozf?lséu@nd predd 980 ahd adef i Bing,A Wi th

nmenber
84 to s

|is pyd neayrdlied 6 nhsi d0kdel 7dngonnerctiediyt @spiofe tAG Yhfedtor 36

70,

di nal annul ar passage 76, and_intermedi ate cylindrical nmember 78

72 a secon fuel .manifold 82, connected by 'l ongi t udi nal passage
552 i

i p@ 45 coaxigld¥r di5Posed i 2ad ﬁ@%‘fegh'i’%f-‘ﬁF% the

d f 7 I dead 88 h
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supplie
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I n pressure atom zing nozzle 62

e primary air swrler nmeans 58

conpri sesriulisus@l iilsy fakthekrCcsubeieniedl by £ paerdriokuew sgationary swirl

vanes 9

6 connected between the outer cylinder 76 of fuel injection body 48
ul ar mImeer iihtur%w tubénp&ﬁt satvéStoseVerehtefhmgtions. It

prov1des a flame holdlng surface from whxch the flame becomes
fixed in space. In addition, because ‘the venturi exit is the
stops the flame from propagating upstream to the fuel injector

itself. In an airblast type a_t'omiset the venturi also- provides

‘a secondary source of fuel droplet breakdown. _ Conventionallly,

ohl‘y one such surface is provided per _atomiser. But in
accordance with' the embodiments of this invention, two
distinct recirculation zones are used and so an additional'

surface is provided; ' Hence both tubular member 50 -and

venturi tube 56'provide such surfaces.

Primary air swirler means 58 are disposed in the inner

annulus 54 and secondary air swirler means 60 are disposed_'in

the outer annulus 52. Primary fuel flow is supplied from the

-

fuel pipe 40 thro'ugh_'a fuel atomizing nozzle 62 and secondary
fuel flow is supplied from 'th_e fuel pipe 42 through conduit
means 64 extending through the primary air swirler means 58

into the outer annulus 52 downstream of the secondary air

-~

source of the ‘recirculating a1rflow inside the combustor, 1&‘4



the inner annulus 54. Swirl vanes: 96 preferably slope downstream
in a radially outward direction to adapt the inproved swrler and
fuel inj ector 47 to existing gas turbine geonetry. The downstream end 66
of tub menber 50 extends downstream beyond the term nating end of

nozzl. eHéz to define a primary rect®culation zone 98 which receives fuel
fromthe primary fuel pipe 40 along with air fromthe primary swirler 96 in

a pr edet er m ned ratio to produce a IocaIIy - rich flanme-hol di ng

etaini ng %"'%ﬁf%%r nfgny; 58 s RuRdt e, AT e T FS““%‘Q%P. e epd, 388 o
remei ns hi gp; en délrﬂissusé ik & P! ?:BI o %{d e Unger %ul'a‘%an§§tow

fuel-air rat I O condi tions e gas tu encount er. e secondary

air swirleair@epsnd0 MRy | 955 daRl Ubal ddwnHf ren Clember 68t lva{icyn SRatReds
stationary vanes 100, which are directed to inpart a swirl to air

entering tdewms:tmamrtmycmﬁ SownsSireged endc6fidaf ytheietubiular inemthempl i ed .from
mani fold 82 through conduit mneans 64 which A)referabl y conprise suitably
heat’ shielded RefrEringi apvw 5@ ehde tmbi@ﬁ t EOSEeriegtiamal expeet ofe
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pace serves to Sisul ue Con
' body 48 is conveniently manufactured as four coaxial ‘members
_ cdmprising a solid core_pie'cé_ 70, inner cylindrical piece 72
K/l defining with core 70, ah annular piimary fuel  manifold 74
~ 'f:onne'cted to -pipe 40 vié a _longitudinal annular passage 76, and
',i.nfermediate cylindrical member 78 terminating in a pressure
atomizing nozzle end piece 80 and'defining- with member 72 a :
' seéonda;y fuel manif_old 82, connected 5y longitudinal p'assalge
84 to secondary fuel pipe 42. An outer cylindrical heat shield
86 is spaced from member 78 to define an insulati;n.g dead air
space"88 with an inlet 90. A fuel metering disk .92 including a
. plurality of fuel passages supplies primary fuel from prix'nary".
fnat;ifold 74 to an outlet 94 of the end piece 80 in pressure
- atomizing nozzle 62. | |
The primary air swirler means 58 co.mpris_es a éiurality of
circumferentially spaced .holllow stationérf swirl wvanes 96

connected between the outer cylinder 76 of fuel injection body .

48 and tubular member 50 so as to impart swirl to air enteri'ng



-12- 64 to reduce cl oggi ng and -coki ng-'due fo hot tenperatures. Referring
back to Fig. 3 of the drawi ng, the downstream sl oping conduits 64 place
‘their outlets to discharge into the outer .annulus 52 downstream of

- secondary air swirler neans 60 thus providing airblast atom zation \ pf

- the .secondary fuel.. The mi»dlre of secondary fuel and secondary air
est-abl i shes a separately supplied secondary recirculation zone 106, .
whi ch surrounds: the primary recirculation zone 98. Referring nowto Fig. 4

. i T 9L, 5 S 54 gt

enpl oys airbl'ast ‘at om zat1 on of. _ n
pressur ondfrednd Oln alNerddidMAy Yudtwaeaondarkctiyg! tB"pga_apéQt?élz? oot
- tubul ar nenber 50, primary air swirler 58 with vanes 96 and primary fuel
condui t " inpreredt, sviisr MY | a® OLbRr injecter ARnier et ifigovg g8 €hpPim@eans
~not shown are the same as previously described. =~ The nodified fuel

i'nj ect i cgeoneddy,. Theli dewnrsitrramerendy66aof 1Odulars member U0 ekteddse
coaxial _cylindrical menbers.. A first central tube 110 with flared face

pl ate 18ovRsEFeasy R?@Pﬁ@n_c'ﬁ’lﬁ:l%?ﬂ“}}“@ﬁépét §nBoRfamRzzdes iz (v deiiarm 214,
The latter s

. i 1ded nl y. h i i air, .
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%th;g‘%ﬁ;%a)nf 'S’H:e‘ivgri k249 Qhaﬁgxﬁ%@? a°i§e€§d}£‘ %éiﬁ'ﬁiri:&\?;}. E@{TPﬁzléﬁ s
( paced Concentrically fromtube 110 to provide a heat
shieldlﬂﬂxai%- predetermined ':;tio to’ prqduce a locally rich
flameéholding mixture in the pfimary recirculation zone 98.
The swirler 58 ahd.rétainind disk 92 are sized such:  that—
'the £ue1-air ratio in primafy zone 98 remains high enough to
‘sustain stable 'combustién .undér the leanest. fuel-air ratio
coﬂditions fhe gas turbine will enébunter. 
The seéondary aif swirier means 60 ¢omprisé§ a'plurality
of circumferentially spaced stationary vanes 100, which are
directed to impart a swirl to'aii entering the 6uter annulus
52. Staged secondary fuel flow is supplied from ﬂﬁnifdld 82
through condqit 'means 64 which preferably- combrise- sﬁitably :
heat shielded pipes  ﬁhich extend :thrdugh _fhe center of L_)
respective primary swirlet_vanes 96. | |
Reference to Fig. 3a of the_diawing illustrates a cross
section through one such vane 96. Cdnduit 64 Comprises'a pipe
'spaced within a hole 102 extending lohgitudihally through the

vane. A suitable air space 104 serves to insulate fuel conduit



-13- space 118. A third cylindrical menber 120 defines with nmenber 116 a
primmary fuel manifold 122 connected to pipe 40 via |ongitudinal:
passage 124 and. a chanber 126 Opening fromfuel manifold 122 into the
innet annulus 54. are radially directed airblast atom zation ports 128. A .
fourth cylindrical menber 130 defines-ng+th nenber 120 a sinilar secondary
fuel manifold 132 supplied by secondary fuel pipe 42 and feedi ng secondary
fuel conduit neans 64 as before. Lastly, a fifth or heat shield cylinder
134 is prOV|ded in the same manner as previously described with respect.to
shield 86 i A4cothedsdneen chogaing 3. am£ sekapg, due prionahgtr cismranatnines .

hed | 50 d d 98 d
Sur T oundi noRSEEERIRg Pack he LR g Te rainiay fhe, ovhet hes s ihed ng
formof the aaagﬁey %'4r gwaéé HhellG 5y e@t@o g%s%ﬂggaeRa%ao“SFﬁsn outer

ext'endi ng t fir oug eprct View | _

enpl oyi ng. bexﬁﬂﬁﬂ.@ﬂt Id%un\stseaﬁedfsvsééoﬁ@mﬁ 9@: Sl r18 e 4hs é‘os‘sr{df

ring 136 with circunferentially spaced swirl "holes 138, which are axi
and tangent pabvjdiig ecdixblasti npadhizetiont of hehei rsecSnatyr i fgell36 e

an inner opening 140, which fits over the fuel "injector body 48 (not shown
). and an omﬁtup%rl%etspcmgammmntaendM skcondatwbud iar resstizb] ishels aa
50 (not Shownzaarat i}lr”asldl;[p%J.%E #econdary reczrculauon zone 105, which
' surrounds the primary recirculation zqne 98. |
Referring now'to Fig..4 of the drawing, a ﬁodified-form
of the fuel injedtion body is lsh'own, _which emplbys 'a'irblas't
" atomization - of the priméry fuel rather .than pressure
atomization. The primary and secondary fuel'_piées 40, 42,
tubular member 50, primary ait swirler 58 with var-zes 96 and
primary fuel conduit means 64, as well as other sw'irler members
and flow guiding means not shown are the same as prevzously
descrlbed The modified fuel injection body, indicated
generally ‘as 108, is made up of five coaxial cylindric':all
'members. A first central tube 110 with .flared face plate 112
W : dispbsed perpendicﬁlarly thereto contains a swirler insert
114. The = latter is not :intended to supply the priméry
corﬁbustion air, but imparts a sweep oOf coqling air channeled
therein from the air inlet 14 (of PFigure i) and over face plate

-112. A second cylindrical member 116 is mounted 6n and spaced

concentrically from tube 110 t_:o provide a heat shielding air



radial ly directed conduit .means 144 are provi ded by radi al -14- passages .
drilled or cast into swirler ring 136. These are connected to a
secondary fuel manifold in the fuel injector (like manifold 82 of Fig. 3)
~and open into the outer annulus 52 downstream of the secondary air swfler
6Q to prOV|de ai rbl ast atonizationof.the secondary fuel as before. The
_daslgn - provides the achievenent of two stable recircul ation zones.
- Wwhich are coannul ar but ‘allowi ng themto be reached by a central single
~fuel injector.. The primary fuel flom1|n each |n|ector IS almaysmgresent

to coolsﬁﬂﬁe pH?raryAfE’é’rrd norbindrigel pepbef; tde LD HRpBEMPREN i n
th t { h Fi 3’
orin Uhs B PISharF, O | "'}EP@fdgﬁfg%evﬁ?"O“@%%& V5o Bhe2l ) aay' O
recl UG OnENA W4 WEMULY IR P1d 06 e0d CHLM BRetone 98
i ndepende pl i

so that 1t can ntly sup stagi ng ~ secondary- f1 ow
t hr oughpasrwha t ;zz( Ghtt4 Anexipnek n@nhmaugrsnt hgrerrBBLY12H " dWeckea (58,

136) into the outer air- annulus 52 downstream of the secondary air swirler
60. F@fmxrhlgptun&dm;d%q;pn PporEs 3n8.8 of the dramnngs a -15-
" A fourth cy11ndr1ca1 member 130 def1nes w1th member 120 a
similar secondary fuel maplfold 132 suppl1ed.by secondary-fuel
pipe 42-and feeding secohdary'fuel conduit means 64 as before.
- Lastly, a fifﬁh or heat shield cylinder'l§4 is érqvided_im the .\.J.
same,mahner as previeusly described with respect to shield 86(}
'in'cqnnectiqn with Fig. 3.

As .before, a primery' recirculation zone is established
within tubular member SO as indicated at 98'and'a'5urroundihg
Secomdary_reciicuietion zone indicated at 106.

| An alternate form of the .primary air swirling means' 58
with the coﬁduiﬁ means 64 extending through it is depicted in
end view in Fig. 5. kather than employing -circumferentially
spaced swirl vanes 96,”Fig. 5 employs a swirl ring 136 with
c1rcumferentlally spaced swirl holes 138, which are axielly and W/
tangentially d1rected to impart sw1r1 to the air. Swirl ring
136 has an inner opening 140, which fits over the fuel injector
body 48 (not shown) and an outer periphery 142, which fits
within a tubular member such as 50 (not shoﬁh). A plurality of

radially directed conduit means 144 are provided by radial



nmodi fi ed enbodi nent of the invention is’illustrated in which the primary

fuel flow and the staged secondary fuel flow are conbined. | nst ead of
physically injecting the fuel fromtw different manifolds separately
into~ the inner and outer swirling air annuli, the primary and second

f uel. /f\‘l/ows are conbi ned and the dynamycs of fuel and air are used to
contrbl staging. Referring now.to Fig. 6 of the drawing, portions of a
nodi fied swirler and fuel injector 146 are shown nounted within an inlet

148 defined between an _quter .annular conbustor lLiner 150 and an inner
annul ar conB@Std9es | f&ilisg °5'As°l§§1torb“t% HFFIlér 1519 dildfosedThese iaFect

fl di |
gelﬁt rzrfeoé%i‘%% ‘gl gﬁga{ hﬁeﬁg’i\{i\/‘?%’:’*f ?% xfr? &e i 0\’5/5‘% 35%??@".4@5&81'

156 is a fugh ?ﬁ?folc?oﬁiﬁ’ ES?l%nt gyeanauﬁé?n'ﬂ@&;ﬂfe JQH:% ajréﬁxluﬁ 52

includes a'ra ext endi ng ral mani

connect ed Va&wnﬁﬂréifﬁ esfathe | 88bAAENH VAT Wa £62prboige %1&@41%51:
fuel pipe. 164. Fuel pipe 164 is connected to a suitable binodal fuel

control | er a66mivsatciomef Wrhesisedoadary Ehelfaglbéfamecontrol means 43.
previ ously described. .However, in this case, the primary fuel flow and the
secondary fuel fleow are not split and separately regulated, but rather are. -
conbi ned and controlled in accordance with a desired power output between
sel ected maximumand minimumlimts. The flow of total fuel though t he

pi pe 164 varies froma mininumto a maxi numand is

| The desian prox}ides the achievement of 'two. stable
VU .recxrculat:.on zones which are coannular but allow1ng them to be
'-reached by a central s:mgle fuel 1njector _ The primary fuel
flow in each 1n3ector is always present to cool the prlmary
_fuel nozzl_e .62 and preyent carbon deposition in the fuel
passages, either in the pressure atomized version shown in Fig.
3 or in the airblast atomization vérsion shc.:wn. in Fig. 4. The :
secondary recirculation zone 106 is seéregated from the primary
recirculation zqrie 98 so t.hat it can be independently sﬁpplied'
by staging secondéry_ fuel flow through. conduits (64,144)
U extendihg' through the p.rimar_y airl swi;ier {58, 136) in.to'the

outer air annulus 52 downstream of the secondary air swirler 60..

Referring now to Figs. 6, 7, and 8 of the drawings, a



-16- suitably controlled in accordance wit'h the desired power output of the
bi ne combustor. The wuse of the single pipe 164 offer advantages
uced plunbing conplexity and also elimnates the possibility of.
king in the secondary feed pi pe which would be shut down at |lay
As. before, a tubul ar nmenber %g I's disposed nutually coaxial with
artd spaced between the fuel |nJectoﬁ

ng neans 156. A primary air swirler 168 supplles air into an inner
annul us 170 supplying air for.combustion in a primary recirculation zone

gas tur
in red
fruel co

pgwer .

directi

body - 158 and the annular flow

172. AmsQEPDEAT Ymboliféhk! &f 1¥He andvantduKi lilsar y1 phét 8¢éd ehnl Zfhidie

arrange
176 may
contra-

splitte
serves

describ
airbl as
~plurali

mani f ol éo:ns@ﬂea aRas WL Ayl c 216 Cfﬁéynﬁﬁ&eﬁtﬂra'a'r)é %%aeohoaré&mchhe

fuel nozzle bpody and are radially allgned with a nunb _
circunf etagingl!y spaced openi hgs 184 in the tubular nenber 166 so t hat the
openlngs 184

d to supply swirling air into an outer annulus 178. Swirlers 174

theogrimaxyr fwel| fdbwhand rthehestsagad dseectdary ofuelt flow are

rotating swirls. Quter annulus 178 is subdivided by an annular fl ow
Fombined; ch InsteafpAfabPysicably vinieeting dhewfvel FEgem £ and

$

fage f t of fuel to b
BieRarenfonBpai EPAGF | APRAFBFeBEy L0E | Shd: 1 AR ( Sy VBIGRT an

budkoThaatian ugRele Dind rgyf‘mﬂ%f 4! sgegghe el NBILNG re

Irec passages connuni cat |

Referrlng now to Flg. 6 of the draw1ng. portions of a

modified sw:.rler and fuel 1n3ector 146 are shown mounted within

an inlet 148 defined between an outer annular combustor 11ner\/

1150 a_r_ld an ‘inner annular combustor liner 152. as before, a

baffle 154 disposed 'in inlet _14_'8 supports a'n annular flow

directing means (or barrel) 156. Centrally-disposed along the

'-centerline axis of the flow directi'rig_ means 156 is a fuel

injector body 158. ' The fuel injector body 158 includes a
radially extending central fuel manifold 160, which is

connected via an internal longitudinal passageway 162 to a

'single fuel pipe 164. Fuel pipe 164 is connected to a suitable

bimodal fuel cpntroller 165 which mey be similar to the fuel
flow control means 43 'previously described. However, in this
case, the primary fuel flow and the secondary fuel flow are not
split and separately regulated, but rather are combined and
controlled in accordance w1th a de51red power output between
selected maximum and minimum limits. The flow of total fuel

though the pipe 164 varies from a minimum to a maximum and is



-17- are disposed radially ovér® corresponding' passages 182. I n

addi tion, passages 182 are aligned with the air jets entering through
swirler 168 to create an array of "plain jet" atom sers. -
Simlagly, the openi ngs 184 are allgned with the air jets entering through
swirlgr 174. \Wen primary fuel & is furnished under |ow power
conditions of the gas turbine, the nass rate of fuel flow entering .
fuel pipe 164, manifold 160 and ejected from the airbl ast radlally

directed PascaEP cdfidrolTed S8 it daticehwiehpese Gestiedaipowert @uitpat
primary swirler 168, such that the radially outward monentum of the fuel is
imsuffici edf theatgase turhine acomthusionent thefuser ofr bthessingde p6det A 64
cause it to reach the openings 184. Under these circunstances,

primary fueffes aadmntages tie iFRAucehnRlpabing aifemPdppitys eRé peilsary

| at 72 f J st th a f I
ool Corai eiimifebes €42 b8 b RPLS CRFORSAL Torng f | i igedprho, gee
reaches pa§%%£ gﬁaﬁgﬁ¥hjé%)gqq¥ldyw% EQe 3&“5&#&;178 Referrlng now t o

Fig. 7 of raw ng, exac e sane structure’ 1s shown as in Fig. 6,

and the same refgg e erdidier @l Stdh14PPniehbedS Hh5CUSSCHis mnﬁﬁttuarn
Fig. 6. In this case, homever both primary and secondary fuel flows en er

‘the fuel isbegisl woEN ahé sbaeughbébeesn nthe fuel pnjmcﬁcﬁzﬂf 16¢dmesesbe|ang
.combined in one flowrather than separate :
the annular flow d1rect1ng means 156. A prlmary-alr swirler
168 supplies air into an inner annulus 17b supplying .air for
combustion in a primary recirculation zone 172. :A secondary
‘air swirler 174 and an auxiliary sir swirler 176 are arranged
- to supply'swirling air into an outer annulus 178. Swirlers
174, 176 may provide:air swirl either in the same direction.pr
ﬁith contra-rotating swirls. Outerjannulus 178 is subdivided
by an annuia: flow splittef 180 which- is comparable to the
venturi 56 Shoﬁn in Figs. 1-3 and'sgrves as a filming surface
for an impingin§ jet of fuel in a manner to be déscribed.
| The'éentrai fuel injector body 158 is arranged to serve
as an airblast atomization nozzle by virtue 6f a fuel nozzle
181 having a plurality of rad1a11y dlrected passages__182
cdmmunicating with fuel manifold 160. Passages 182' are
circumferentially spaced aroﬁnd the fuel nozile body and are

radially aligned with. a number of circumferentially spaced

openings 184 in the tubular member 166 so that the openings 184



-18- flows as previously discussed in-connection with Figs. 1-5). The -
radi al outward nomentum and the mass rate of the conbined fuel flow:leaving
the radially facing passages 182 is selected such that substantially al

the fuel passes as a jet without substantial droplet dispersal acrossghe

i nner annul us 170 through aligned openings 184 in the tubul ar nenber 166
ard into the outer annulus 178 dowvlikstream of the secondary swirler. 174.

Fuel is atom zed by the air stream and atom zation is assisted by

i npi ngenent of the jets of fuel on a film-ng surface, i.e. the inner

‘surface_of S%ﬂ.{he flo sgl i'“lir 180.  The at.omi ﬁed fuel m xes \é\{ath air_from
second®S KATAMRCL7A2348 108 PYRE y RETESEPPEIBI kP IAHTT e 8% "secdRdar y
recirc | Z0 i g e y f n Uit 486 5 t 3 -
fsubstaﬁ%@%ﬁf%bblﬁs%?gﬁﬁé'?gglqé%tnggﬁﬁg ggﬁ?ér anﬁ%fﬁsjieg,Qggg?épgpivelyf
smel | eNPyih MBYwi ADeNJe1ER0N thhe drigate SWrf ace Qy t e t ubph ain Ngaker 166.
Under these conditions, the rate of fuel flowis selected so as. to

provi detomiséms s | ySihkharlyndtheeldperdingtst | b4 edrec @liigsieidonwitixt the in

- both secondary and primary recirculation zones 186 and 172 to reduce snoke

under - di ghiganteridia ithrough sHérdes 1?dbine. Furthernore, the fuel flow

_rate may al sg be sel.ected so that a predeternined. portjon f the fuel -flows
as prinary fvlfé?'“t(?‘tlﬁ\?r?nhsi‘e;nréﬂ% #%0 SRERLFRSR o WSEH eﬁé’h’t aPP¥Fdrti on

- of thegfuely {005 35 SREOGALY (LYRhnbO 'l OMLEL AWM USel7fier £10w
| entering fuél pipé 164, _ménifold_ 160 and ejected from the
airblast radially directed pésSages _182'.is selected with ’\‘si_-
respect to the air entering primary.swirler ;68, such that the \J'
'.radially outward momentum of the fuel is insufficient relative
to thelaxial momentum of air from'swirlex_lﬁs to cause.it to
reach the openings 184. Under fhese circuﬁstances, primary
. fuel is atomized in the inner annulus 170 and sﬁpplies the
'pfimary recirculationl zone 172 for stable combustion with a
fairly rich fuel-to-air mixture. In this mode of operation,
iittle. if any, fuel reaches past the passages.laq and into the
"annulus 178. | . l. _
| ‘Referring now to Fig. 7 of the drawihg,_eiactly £he Same' ~/
-.strucéure is showh as in Fig. 6, and the same reference
nuﬁerais are applied as discuséed iniqohnection_ﬁith Fig. 6.
.In this case, however, both primary and'secondary.fuel floﬁs
enter.the fuel injector body 158 thréugh the single fuel pipe

164 (these being combined in one flow rather than separate



-19- The fuel nozzle 181, tubular fenber - 166 (i ncluding openings 184
thereof), and primary swirler 168 are sized in a presel ected manner, so
that the fuel enters the inner annulus 170 or the outer annulus 178, as
above desired, depending on the selected mass flow rate -and nomentum , of
the fuel. The swirler and fuel injector 146 illustrated in Figs. 6 and 7
merel y. serves to show the operatingjgrinciple in schematic form of
an alternate mmowmmnt-ofthe i nvention which is ternmed "nonmentum

st agi ng of the fuel, since the nonmentum of the fuel with respect to

operat i on of e BEvats Pl 85400 CFn P BobBRcReR IR | Ele TG99
di stinct nopes vadeslhoakwaewemofRRtLhi A% %}%yqﬁgﬂé%‘g me rthgoqu&, iAg ng-

A practical arrangenent of a fuel injector. 187 for acconpl

nmonent um  sfeel nflowsleavingt tiné edadially r&ﬁﬂgarwkag‘ersnsmz se§t iseldkbtea
view shown in Fig. 8.  Reference nunerals used which are the sane as
those in Figach &hakd subskantdalilye §1del thepéuebs papsesnas sav jeer witBout
tubul ar nmenber 166 with openings_184, and secondary air swirler 174. The
details of THRSHIREiaL; &P@ﬁ%od?"&@r%ﬁbwa&ﬁ@ﬁne hecginnesi anguduse 188,

Croadsr ) B oE IS SR AN A0 Yhe'' Curtlla} TelBY: 13% ana into
the outer annulus 178 downstream of the secondary swirler 174.
Fuel is atomlzed by the air stream and atomization is assisted
\_ . by impingement of the jets of fuel on a f11m1ng surface,.i.e.
\_ the inner surface of the flow splltter 180. The atomlzed fuel
'mlxes w1th air from secondary swirler 174 and auxiliary swirler
176 and supplies a secondary rec1rcu1at10n zone, designated by
reference number.186. Although substantially all.of.the fuel -
enters the outer annulus- 178, . a relatively small- ahouht may
impinge " upon _the -inner surface of_'the tubular member 166.
Under these conditions, the rate ef fuel flew is selected so as.
to- provide a fairly 1lean and well distributed combustion
mixture in both seeondary'and primary recircuiatien zones 186
\~/. and 172 to reduce smoke'under-high.power conditions of.the gas
turbine. ﬁurthermore, the fuel flow rate. may also be selected
so that a predetermined portion of tﬁe fuel flows as primary
fuel ro-the inner:annulus 176 and also a eomplementary.portion

of the fuel flows as secondary fuel to the outer annulus 178.



‘around the inner heat shield tube 188 are an inner cyllndrlcal - 20-
menber 194 and outer cylindrical menber 196, and an outer heat shield tube-

198. " Inner. and outer cylindrical nenbers 194, 196 define between - them
a® | ongitudinal f uel ‘passage 200 conmmuni cating at- one end withJiuel

" pipe. 164 and at the other end with,a fuel manifold 202. Fuel nanifold 202
I s~annul ar and communi cat es wih'~ a plurality - of radi ally

directed, circunferentially spaced nozzles 204. The latter are radially

al i gned wi'th d o] I Nedb1d 4P 16

conpar abl e Fggpagggfesaﬁggﬂ I;£§f %& dég LH‘%‘E}De%{enozzﬁ eséisz ifj}{‘]ge

axi al | ypand ngls' Qlgs efrgdidad) .y &i& sghrﬁi s@ﬁp@@naaQSa%%4 sta%@% the fuel *
jet-trajectory will not be perfect y ra However, openings 184.will’
'allgn\pddsenbetEEehmmebrenunalth@pftmm1ﬂnezleatéﬁé &heMuﬁnqnwwﬁnulus
conditions. It remains to note that inner and outer heat shield tubes 188,
198 ar &H0ademl Ity!espmm f aemylumel 78ndasuidbeveyldesdriedal deperdingl dn 196,

_respectively, annul ar _air passa es 206, 208, respectively, which act
as |ns&hﬁn§%§9°§ﬁplgas§h€}%w ﬁ% meptumy i BEqthecfueh. what  are

consier ed ! g PSR e TRRL sﬁ%t%& I G AR e ies.
and 7 merely serves - to show the' opetetlng pr1nc1ple _in
schematic form. of an alternate embodiment of the 1nvent10n 3
which' is termedl "momentum staging® of the fuel, since the’ o
momentum - of the fuel with respect to the momentum of the a1r=~ﬁ\J
'-enten_ng the dev1ce serves to accomplish staging or operatlonu
- of'the-bimodal swirler ano_fuel injector 146 in at least two
distimct modes umder high power EOnditions and under low'power
condifions.
A preotical affahéement of a fuel injector body 187 for
187 accomplishing momentom staging is illustrafed in the
"enlerged' Ccross sectional view shown in Fig. 8. | Referehce
. numerals used which are the same as those in Figs. 6 and 7
'1nc1ude the fuel pipe 164, prlmary sw1r1er 168, tubular member
166 w1th openings 184, and secondary a1r swirler 174.
The details of the fuel 1n3ector body 187 show an inner
heat shield tube 188, having a flared face plece 190 and a

cooling air spin member 192. Successively disposed and spaced

around the inner heat shield tube 188 are an inner cylindrical



-21- teachings herein. For exarrpl 'e, whil e the secondary air swirler nmeans.

have been I ndi cat ed as preferably  -conprising circunferentially
spaced vanes, one or nore annular rows of tangentially directed ports
in *agswrl ring could be substituted, simlar to the primary

swirlef alternate formshown-in Fig._Jp_ The particular type of air _
swirltng neans or the direction of swirl of one annulus with respect to"
the other nmay be sel ected fromconventional teachings of the art. i -22-
CLAIMS: 1. Swirler "and fuel injector for a gas turbine conbustor having
means supmember al94 t an@noupetr eplindt bda okt €6, saidl @asobtebi heat
conbustor al so including a source of fuel -and fuel flow control neans, the
swirler arshield tulleectdf- comnesiang quher ®ylindgiceilr aembey snekdh, 196
mounted in said inlet end; a fuel injector centrally disposed within
sai d annul88f¥new d’ierté'@FPng FR8Rs hd BBPﬁthGHH%J:t atfiuel o” Ras§ag8ur c20%f

fuel; a tuclzjounlm‘%xrnxca 1ng atSngeede tuaLLyfueQX'plpe J:[éll aanrgd at the other

end with a fuel manifold 202. Fuel manifold 202 is annular and
communicates with a plurality of ) radially directed,
circumferentially spaced nozzles 204. The l_at_ter are radi_ally
aligned wit_ﬁ_ and face openings .184 in the tubular member 166,
U and are comparable to passages 182 in Figs. 6 and,'7l.. Fuel
 hozzles 204 may be axially and circumferentially offset from
.the openings ]_.84' because the fuei jet trajectory will n_ot be
.per_fectly radial. However, openings 184 will align w-ith' the

fuel je.t emanating from nozzles 204..- at high power conditio'n.s.
It remains to note that inner ‘and outer heat shield tubes
188,‘ 198 are radially spaced from inner and outer cylindrica’l.
members 194, 196, respectively, by annular air gép passages

206, 208, respectively, which act as insulators. |

While there have been .described _ herein what .are
NG considered to be preferred embodiments of the invention, other

modifications will occur to those skilled iln the art from'the



‘spaced ‘between said fuel i nj ect or body and sald annular flom1d|rect|ng
~means and deflnlng respectively therewith an inner annulus and an outer
annul us; prinmary air.-swrler neans and secondary air swrler neans for
smnrllng air entering-.said inner and outer annuli respectively; fuel .
chanpel i ng means di sposed in said fuel injector body for channel i ng fuey

fromsaid fuel source into said inner annulus as primary fuel and into said

out er annul us as secondary fuel downstream of said secondary air swrler
means _during only a preselected portion of operation of said conbustor to
support conbustion in said secondary reghrcul ati on zone; and -23- said
tubul ar nmenber haV|ng a downstream end disposed. downstream beyond a
- termipating end of said fuel channeling neans to define.a primary
recirculation zone radially within said tubular nmenber for receiving a
- m xture oteachings imergidlelFod rexangdiej whide thensetondaryaakr swiichér
fromsaid primary air swirler nmeans, and to define a secondary
reci rcul ameans zornkavedi daan surillrftsi;imih'Gﬁg1 sapg t upueferabhver fepempebsingng a
. mxture of said secondary fuel fromsaid fuel . channelin means and _air
“from salﬂlrgﬁm terpntiatly gPaghd | Jangsanone or more annular rows of

 tangentially directed ports in a swirl :ing could be -
substituteqd, similar . to the p:imary swirler alternate form
shown in Fig. 5. -The partiéuiar type.of air swirling Means or
the direction of swirl of one annulus with respect to the other \_)

may be selected from conventional teachings of the art. \J



2. Aswrler and injector accordinmg to-claimd, wherein said source of
fuel conprises a prinmary source and a secondary source, and further
including conduit nmeans connected to said secondary source, said conduit
neans Q;Iendlng fromsaid fuel injector body through said primary air
swirler” means and opening into said outer annulus downstream of said
secondary air swirler neans. 3. A swirler and injector according to claim
2 wherein said conduit neans extend substantially radially outward from

sai d fue

i nj ector body, .and are arranged to provide airblast atom zation

of fuel from said secondary source. 4. 2%%irler and I njector-according to
claim2, wherein said fuel channeling neans conprises a pressure atomn zing
type connected to said primary source. 5. A swirler and injector according
to claim2, wherein said fuel channeling nmeans conprises an airbl ast

atom zing type connected to said primary source. -24- 6. Aswrler and

i nj ector accor dfigmi®. Cl @i m 2, wherein said fuel channeling neans receives
a preselected™mrnrmumflow fromsaid primary source designed to sustain a
stabl e conbustion in the primary recircul ation zone and to cool the fuel

injector body. ¥, Aswiirllee’ @@ FGRECHA R IE6E &0 gdi BuZbinbecinbustict

having means supplying air to an upstream inlet end thereof,
said gas turbine combustor also inclﬁding a source of fuel
and fuel flow control means, the swirler and fuel injector
comprising: | _
annular flow directing means mounted in ‘said inlet
end; ' _ S
a fuel injector body centrally disposed within said

annular flow_directing means and being connectable to said
-source of fuel; ' .

a tubular member disposed mutually coaxial with and
spaced between said fuel injector body and said annular
flow dlrectlng means and defining respectively therewith .

'an inner annulus and an outer annulus;

prlmary air swirler means and secondary air sw1rler
means for swirling air enterlng said inner and outer
annuli respectively; ' '

fuel channeling means dlsposed in sald fuel injector
body for channeling fuel from said fuel source into said
inner annulus as primary fuel and into-éaid'outer annulus
as secondafy fuel downstream of said secondary air swirler
means during only a preselected portion of operation of
said combustor to support combustion in said secondary
recirculation zone; and
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fuel injector body is provided with- a-heat shield menber encl osing and
spaced fromit by an insulating dead air space. 8. A swirler and injector
according to claim2, wherein said prinmary air-swirler neans conprises a
plurality of circunferentially spaced substantially radial vanes connggt ed
at radially inner and outer ends to said fuel .channeling neans and said
tubul ar nenber, respectively, and wherein said conduit. neans conprises

pi pes extending | ongitudinally through selected vanes. 9. A swirler and

i njector according to claim8, wherein §ggg sel ected vanes define

| ongi tudi nal hol es and wherein said pipe§~are spaced inside said

| ongi tudi nal holes in the vanes to provide heat shielding of fuel in said
pipes. 10. A swirler and fuel injector for a gas turbine conbustor recited
in claiml wherein said annul ar flow directing neans supplies air to the
interior of the c&ABAstYIPGIRF sHedPeye havingt & FeWstEerReensd i HdFposad
secondary. f ugbwhBtireand bey@iite et-jemma"cm]f; Yefidd oFe GRS fuélebhafiHel ehg.
and further conprising; . rimary, fuel nozzle disposed on thg.dgrmstngﬁn1 ,
end of said PEERS| HeCHSHLIE A BRRAIh kR PRI SoraargTiatly WiERdN,
-25- the ' tshddatubuleaharembeaipvicert reeceiving a teixturet iofy said primary
fuel from said fuel channeling means and air -frgm said
primary air swirler means, and to define a secondary
recirculation zone radially surrounding said tubular member
for receiving a mixture of said secondary fuel from said
fuel .channeling means and air from said secondary aiL—J].

‘swirler means. . . \o/
2. A swirler and injector accordihg to claim 1, Whereih said
source of fuel comprises a primary source and ‘a secondary
‘source, and further includihg conduit means connected to
said secondary source, said conduit 'means' extending from .
said fuel injector body through said primary air swirler
means and opening into said outer annulus downstream of said _
seéondary air swirler means. '

3. A swirler and injector aécording to claim 2,'wherein said
 conduit means extend substantially radially outward from said

fuel injector body, and are arranged to provide airblast

atomization of fuel from said secondary source. | |

4. A swirler and injector according to claim 2, wherein said
fuel channeling means comprises a pressure atomizing type
connected to said primary source.

5. A swirler and injector according to claim 2, wherein said
fuel channeling means comprises an airblast atomizing type
connected to said primary source.
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downstream of said primary fuel nozzle to define the primary recircul ation
zone, said annular flow directing neans having a downstream end termninating
-downgtream of said tubular nmenber to define therewith the secondary
recigeyl ation zone: said prinmary air swirler means di sposed at the inlet of
said inner annulus for swirling the air entering the primary recircul ation
zone; said secondary air swirler neans disposed at the inlet of said
outer annulus for swirling the air entering the secondary recircul ation
zone; said primary recirculation zone being, i sposed within said tubular
menber for receiving a mxture of fuel fromsaid primary fuel nozzle and
air fromsaid primary air swirler neans; and a plurality of conduit neans
extending outwardly fromthe fuel injector body through said primary air
swirler and openping, intp said outger,annul us do streanwéi sai d secondary .
AT swirler moas, APYELSH AR ULIRCHRE RECRRMAY &P (SLA & s itk Said

fuel manifol d afuébheichanmedringndsedns pemditdes) dugrdeselsstbdumdnimanul fow =

for mxing with d alfse | sal : oaﬂg& I reeul at. ne, g
swirler and inj E%?Igr %éc%%rghgl%ﬁ%%cla%&n?%& .er%?él&gaif tﬂ%%%_ e e%étabfé

i ncl udes a pl urepmbysioni inukher primaryyregireulapdanngone amgl \Weregql the
said fuel chanpgei ngn{&a€sr | H&dypdes a plurality of .radially

directed - passages positioned to direct a plurality of -
circunferentially spaced. radially directed jets of fuel radially outward

and through sai . r espswirVer tamd| irj ectrheracgardgs totelshn 2, wherein said
fuel injector body is provided with a heat shield member
R, enclosing and spaced from it by an insulating dead air space.

8. A swirler and injector according to claim 2, wherein
said primary air swirler means comprises a plurality of
circumferentially spaced substantially radial vanes connected
at radially inner and outer ends to said fuel channeling
means and said tubular member, respectiveiy, and wherein said
conduit means comprises pipes extending longitudinally
through selected vanes;

9. A swirler and injector'according to claim 8, wherein said
selected vanes define longitudinal 'holes and 'wherein: said
pipes are spaced inside said longitudinal holes ‘in the vanes

to provide heat shielding of fuel in said pipes.

10. A swirler and fuel injector for a gas turbine combustor
recited in claim 1 wherein said annular flow directing means
supplies air to the interior of the combustor and said fuel
injector body defines primary and sécondary fuel manifolds
connected to primary and secondary fuel sources: and  further
comprising: ' _

a primary fuel nozzle disposed on the downstream end of
said fuel injector body and connected to said primary fuel
manifold; ' '
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outer annul us downstream of 'said secondary-air swrler neans during said
presel ected portion of operation of said combustor. * -26- 12. A
swrler and injector according to claim1l, wherein said fuel channellng
means’ i ncludes a fuel manifold connected to radial passages in said fi
i nj ector body, ~and which are arranged to. provide. airblast atom zation of

f uel

11, wherein said fuel

fromsaid fuel source. 13. A swirler and |nJector according to clalm
channeling neans receives a preselected nmi ni num fl ow

fromsaid source of fuel desi.gned to sus?gln a stable conbustion in the.

primary recirculation zone and to cool :
swirler and injector according to claimi1l, wherein said fuel injector body =.

fuel injector body. 14. A

is provided with at | east one tubular * heat shield nenber spaced fromit
by an .insul ating nul ar dead air ace, A swirler and injector
according to C|alﬁg Qﬁ%ﬁiérlluﬂ ?ﬁ)éﬂﬁ%ﬁﬁﬁﬂ%ﬁaﬂlcwﬁﬁﬂltt ?rﬂléﬁﬁééﬂ

in.sai d out eGownBtresm oE \samdq&mafny Nful b4 20 ﬁ@rcliéfmhéllgﬁ%nﬁ)rﬁﬁaﬁfl d
jets of fuel i nj.egtor cor 0 clajm er
i ncl udi ng anrgégFFé%§Wl3}’ r'I ésr L @Ia‘?"g ‘i’erc%‘ﬁtd’ﬂ means hav1ng

a downstream end termlnatlng downstream of said’ tubular

~member to deflne therewith the secondary re01rculatlon zone:

" said p:lmary air swirler means disposed at the inlet of
said inner annulus for swirling the air entering the primary

- recirculation ' zone; said 'secondary air swirler means
. disposed at the inlet of said outer annulus for sw1r11ng thé_)
~ air enterlng the secondary recirculation zone; \J

said primary recirculation- zone.belng disposed within -
said tubular member for receiving'a mixture of fuel from said.

primary fuel nozzle and air from said primary a1r sw1r1er
means; and

a plurality of conduit means extending outwardly from
the fuel injector body through said primary air swirler and

opening into said outer annulus downstream of said secondary’

air swirler means, said conduit means being connected to
said -secondafy fuel manifold at their inner ends for
providing fuel in said outer annulus for mixing with said
air entering said secondary recirculation zone.

11. A swirler and injector according to claim 1, wherein

said tubular member includes a plurality of circumferentially.

spaced openings, and wherein said fuel channeling means
includes a plurality of radially directed passages
positioned to direct. a piuraiity of circumferentially
spaced. radially directed jets of fuel radially outward and
through said respective tubular member openings into said
outer annulus downstream of said secondary air swirler means
during said preselected portion of operation of said
combustor.

O o
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air swirler supplying swirl to air ‘entefring. said outer annulus. 17. A
swirler and fuel injector for a gas turbine conbustor recited in claim1l
wherein said annular flow directing neans supplies air to the interior of.
the ¢ stor and sai-d fuel injector body defines a fuel nani-fold connected
to recefve both primary and secondary fuel sources; and further conprising:
a fuel nozzle disposed on the downstream end of said fuel injector body and
connected to said fuel nmanifold, said . -2¥g-fuel nozzle including a
plurality of circunferentially spaced radially directed passages connected
to the fuel manifold to supply radially directed fuel jets; said- tubular
menber ~ downstream end termnating downstream of said primary fue

nozzle to defing,the,prd Rl er#ﬂcﬁCEb?E{:?QrZ%%%b&%QB Fé@“&i‘{:iﬁmfge,r ‘yherein
including a plurality of c¢ircu erentrall’y spaced openi ngs ali-gned 'wi-U -
sai d nozzl e radsaidpteehgehannelingmeans Inolndes cctfurl. kd i ggpnected.

downstream end ¢&' phaRhi NPadanges’ eANsAtaS 21! YhYledtoReBRRK ! Qridehilich are

therewith the secondary recircul, |on_20ﬁ§ and sugﬁl%ed W t glr fromsaid, . -

outer annul us; RFARFEMator RIFESS t2EFPIRSh 0 8EATAAALREN, Rfer TURHLILXST Fald
serve as a fil nfaelfseeréer said fuel jets and arranged to : :

"13. A swifler and injeqtor adcording to claim 11, wherein

said fuel channeling means receives a preselected mninimum

_ flow from said source of fuel designed to sustain a stable

(N2 combustion in the primary recirculation zone and to cool the

U fuel injector body.

'14. A swirler and iﬁjector according to claim 11, wherein
said fuel injector body is provided with at least one tubular
" heat shield member spaced from it by an insulating annular
dead air space.

15. A swirler and injector according to claim 11, further
including an annular flowsplitter disposed in said outer
'annulus."serving as a filming surface for impingement of
said jets of fuel. | |

16. A swirler and injector according to claimlls, further
including an auxiliary air swirler along with said secondary
air swirler suﬁplyiﬁg swirl to air .entering said'_outer
annulus. o

. 17. A swirler and fuel injector for a gas turbine combustor
recited in claim 1 wherein said annular flow directing means
supplies air to the interior of the combustor and said fuel
injector body defines a fuel manifold connected to receive
both primary and secondary fuel sources; and further
comprising: '

a fuel nozzle disposed on the downstream end of said
fuel ihjector body and connected to said fuel manifold, said

A



direct fuel toward said secondary reci.rcul ation zone supplied with air from
the outer annulus; said secondary air swirler nmeans and an auxiliary air
swirler means disposed at the inlet of said outer annulus to swirl the air
enterlng the secondary recirculation zone; said primary air swirler nggﬂs
dlsposed at the inlet of said inner annulus to swirl the air entering Sai d
prinmary recirculation zone; and, the fuel nozzle, "tubular nember and
primary swirler neans being sized so thapysaid fuel jets having a first
moment um and mass rate of flow are atom zed in the inner annulus to supply
said primary recirculation zone and said fuel jets having a second nmonentum
and nmass rat §uell hblﬂdgreac&nduhgnasgldrality oﬁnemroumgeﬂenﬁiallﬁtsp@éed s
flow pass th rpgggg r. ann
3 agalngt saldfgﬁggliglﬁf%gg%%ad are n1ze eFEe T é#%£|ﬂ€n §°§% B?y
sai d secondafyPPe¥i radialilyndiseeted fued. JQBS:A switler and fuel injector

EUbSB agtlal Ity asI Bgiai n- t’aaﬁma@ deﬁlé:fnbéﬁd V\abhnéﬁi-ééﬁngfeit%g Frtﬂ?égﬁ?éé%% 5
an a opti,ona | gure ; |
as nodified B w??b%?@@ 8 aﬁ&la 6ﬁ¥#@ﬁ§ éis &P Hefingrehg primary

recirculation zone, said tubular member including a plurallty

7

of c1rcumferent1a11y_spaced openings aligned with sald_nozzle
radial passages, said annular flow'direoting means having a
downstream end termlnatlng downstream of said tubular member,i
to deflne therewith the secondary recirculation zone and
supplled with air from said outer. annulus; =~ : \) _
an annular  flow splltter dlsposed in the outer annu~)s“

to serve as a film surface for said fuel jets and arranged to
direct fuel toward said secondary recirculation zone supplied
'w1th air from the outer annulus;

_ said secondary air swirler means and an aux111ary air
sw1r1er means disposed at the inTet of said outer annulus to
swirl the air entering the secondary recirculation zone;

said primary air swirler'means disposed at the inlet of
said inner annulus to sw1rl the air entering said prlmary
rec1rcu1atlon zone; and,

the fuel nozzle, tubular member 'and- primary ‘swirler
means being sized so 'that_ said. fuel Ijets having a first
momentum and mass rate of flow are atomized in the inner
annulus to supply said primary recirculation zone and said
fuel jets having a second momentum and mass rate of flow
greater than said first momentum ‘and mass rate of flow pass
through said tubular member openlngs into said outer annulus -
against said flow splitter and are atomized in the outerm
annulus to supply said secondary recirculation zone.

A



19.- A gas turbinenengihe having a swi kl ér and fuel
any preceding claim

A\

2

I nj ector according to

-28=

- 18. A swirler and ‘fuel injector substantially as herein-

before described with reference to:

. Flgures 1, 2, 3 and 3a optlonally as modlfled by Flgure
4 and/or 5; '

‘or - to Figures 1 and 2 as modified by Figures 6 and 7
optionally as modlfled by Figure 8.

-

19. A gas tﬁrbine éhgine having a swirler and fuel injector
according to any preceding claim.
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