;e3ee*eF6T*bm  COUNTER SW RL ANNULAR COVBUSTOR [ 001] The CGover nnent has
rlghts in this pursuant to Contract No. N0O0019-Q1l-C

by the Naval WW& " Command ?nd may al so have rights purs mﬂ“m Immj
Cont r act No 6- C- 9417 awarded by the Departnment of Navy. ec nica
Fiéld [002] Thls"‘i ention relates to conbustors for a gas turbine AN i n
particular to the efficient m xing of fuel and ail- within the conbustor.
Background of the Invention [U0O3] 1n a typical gas turbine engine, the
wor ki ng medi um gases are flowed into the conbustor where they are m xed
with fuel. The conbustor provides a conbustion chanber where the fuel and
air mxture 1s burned S ul ar conbust or,
the fuel is netered and&ph{qgipri‘ %E’Wdﬁh&?%@@ ﬂﬁ{]tl pl e nozzl es
al ong with conbustion air having a designated anount of swirl. [004] To

facilitate mxing of the ail- and fuel m xture as the conbustion gases nove
downst r edfi011n TheeGomrbmsnti las ughssnbehls navqmlgm,aml fuanioto @lns@t Npowﬁ%&@ ufes

are used hi n ers of t co

apert ur es%%t}w&dﬁ%; b¥13 Naéﬂ A”rgf]yrs e(?f OLpady! ¢ ]“gt"d‘“f ggoé] &Tl?s RSS2 r

downst r eararfact K6. NO®I4008ZZL 19 7 alanRidalyl the DEEﬂhﬁaﬂ@@Nalvy. whi ch typi cal

annul ar three rind two zone conbustors m x the Duel and air wll be

menti oned bel ow. Annul ar conbustors enpl oy annular rows of bolts within the

out er andr leacral lel(rs respectively. Referring to FIGI, in a three zone

conmbust or wo stage air adm ssion) having primary, interncdialc and

di | uti on [p62iesThit hﬁ’k&tlmmle@ﬁﬂebabh}buﬁofslfbﬁﬁ giisoortofie arlohtparticnldr he thewReerdti ner

and a corresponding first of holes in the inner liner. There is also a

second rdW"HTg‘I’deP%]sf"’idﬁ‘"t‘Wéh‘B CFOMRYSEN and a correspondi ng second row of

holes in the inner liner. The second rows of holes in the inner and outer

liners are downstream of the first rows of holes mthe outer and inner

l i ners. Thackigrownd olothe Inveritiines reduce the formation of the hot streaks

F- 8087 | 1.c the scconc es fatc.ii m ral nc

| oaf |1~ lﬁﬁiwwwwe‘ 8 Wibige g, g o ing HeSih Eiies e FET S BE vera

| engt h OfcoHlﬁsl%QWh@kSlh@f arerhiled ®ithifudl %@‘ébmb&@toﬂﬁﬂa@ﬁl@s htc&%l)hﬁio'ﬁ‘chambel

Itl:lctol~orc rccognlicd. Such a rcducticmlIn ctvcral ~n~llt Is

accom 71 Meheee theyel and)ajn mixtyre iy bysned m}h@lfoughle/ agippssalee: | irt mrsmiar cgmbhgj@s.
"hl1S) sta alr )) having

prl mary éﬁ%h}g?] %ﬁ&@ne‘&%ﬂﬁ‘ﬂé 8%{1 m?c? hl% §n§ u%on P%//rr)[u){lepq%g%zozrl]e {j@)%wgl? hol es

Ther el or @onibostid@i zinrh&\tlﬁgﬁﬂeﬁgﬁalmi 5mdsla{t ofowgl.of holes in the outer and inner

liners cool the center of the conbustor. Unfortunately, as a conseduence of

having only the first rows of hoI es, hot streala can formalong the walls

of the | noed) apfr.ouifE ]Tllkllﬂg loF "ﬂlcll A€l lgﬁsol.lu'é d?%"&%ﬁﬁuhﬁ'& n#zféleén1o[/905] I f

t horough 'm Xi ng 1's not eve urlng conbustion of the nTxture, tire

result mdomlrwmm%mnﬁbnmmerhpmlbam ampéurabiyicdicias-flofv ametumsmimsstedcmrhm

product s g hEMXIt the ¢ ust o sed,uerjt{_fy trhe downst rﬁ as

turbine par L QRngdmeRoie S‘i’m‘%‘fsé‘ij POARFE LIRS A Egdug addifippal At i)

| ocal i zedn@\mé Beabbdhidn cilithBer@mbB@ain BPREseItildgz1ef fe&leraly ufbediagdi nog the

durability of the downstream gas turbine parts. further, this ovcrheatind

of the doviHsh hewn garplarghise ge pmz@ler@mhwsrroe%mim@ﬁé%@ddewrilrbg negntiongd

Corrpensath%ld Oﬁnéullzuecoqxﬁ{snﬁg&hpﬁ gﬁﬂ% Q\%Q}tf h Icsw h?n lh@ u?e‘?‘ ﬁl%nc?ﬂ lelsng

air suppli ed” OwWnst T eam gas torbi ecrease f {Uioi ne

effici encyspectﬁ)wly Rbkrmafgmd“l(*v\m,ah aitbncneed@d»mlslnsml c(nvrbusgco.rn ﬁxp*pamahplswﬁﬁgat

nor e thorou , mxej t he fu,1e and air mxture with the results being an

enhanced l’u'r‘l' f‘br‘fﬂ“é'%i‘ el dlHufiof 2ongs DFIEBLES SR HUSSBIGWP Iesig thopUtst r eaks

in the tynBiARia &l%ﬁﬂdl% fnsn{?w bPN&BS irARe inner liner. There is also a second row of

holes in the outer liner and a corresponding second row of holes in the inner liner. The
second rows of holes in the inner and outer liners are downstream of the first rows of holes in

the outer and inner liners. The first rows of holes reduce the formation of the hot streaks
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[ 0A7] The above di scussed and ot her drawbacla and deficiencies are overcone
or all~mat~d by the present invention. (008] Accordingly, the present

i nvention provides a conbustion apparatus for a gas turbine engine w1lll
cnllanccd mxing of rite corritustion gases (|~IIcI aiidair ntixtllll:y
\viThllt th AL | Cah
1cm7d é’”|‘1[’““ ”Miﬁthe eyﬂ 'é‘]n?‘ﬁj: ‘mf%hl] )Lﬁ' )?l)‘(')'n‘lttzhi gm %35 )thhe

appar at ugndrseniobe: erai rmvamqvmdcels ()Blhmbﬁhhum)f@mmdleﬂmﬁrla‘n lme Ihdé 5¢ani but i on
t hat reduces the formation of hot strcal;s and advunta~cously ce)ols the

i nner  aniNeIRIOEY TeEoEECY. Sich HacusHBNS Pk AR tcqomgished h>[ @('P@)””F‘q’n(”‘“
accor dange . | 4 tldntnrgqor%lqﬁﬁntlHu@v?m& Dihe &Hﬁm%Pa&@b{Jﬁn{u'il%lﬁld&ﬁ. *?tln'ils@r&'ﬂ)” I

rr comhusUoo Mol ~¢ an I nner liner and

c: cr axr alblyinglpr mh‘my smtlhlmm:inaawes Jtdoccnatieimpddy the r\e(tcmdllews nt Iuajw oﬁﬁlow;lstq or
ronc thcrcgl~cweurt nf}hE)I rrr Sité.ol ~ | ~ucl ¥/ucwn 5 is1 gons- r&ir]ed to swirl
the fuel airigiromhe firstaows of hales i teiouah dpSHGINGF 6°9 1S OB dL¢in zone.
The 'nnerolﬂbn% '@ﬁﬂoﬂqﬁ%e Muaﬁlsbayen@é oammwmw RGUARRT FHolea] ol
arranged. Simlarly, uter Tiner includes a plurality of apertures

ci r cunf esgnakisaih yorar alangéw walfshod tbm@mnurne@lmsémsrsauem theepgaipg between the jets.
circunferentially along the respective inner and outer liners. Purthcr, the
apertures rn the outer liner are circunferentially positioned such t hat
there is[og8]y IPMRrdiips ARt HoEadpRivaR airi®@cimBlstibher figahixtag aaé assle will
Simlarly, the apertures in the inner liner are circunferentially

posi t i ondd a\@eHIN fieam t@'ﬁé‘?‘émi%V%h“‘)?“@rﬁé‘esqﬁ’éﬂ“‘a‘p‘é} PiodEctpat WerAxkth of the

gjoillllblnjlg%g[?lo (?o&s?ﬁ%e&!@ylpetdQGm?t#am% ﬂ)ﬁfﬁeﬂ%@‘ %éﬁ Ie] E':il% @Qﬁ]aoe lmbme

and out ewvahésnaresub@vadt@apeolicky veprase:. t”ﬁas dierbettinghaofhessbierd oicﬂeghhlmj ueI
i ors. Thus,

and air s injected from eac t f uel
the fuel! r%n‘ﬁ)‘“él? ”yn‘?'%{’%f]‘éwi’%‘ef‘ﬂ‘(ﬁElﬁ‘g‘llﬂ'v lh‘i“ﬁegl'\kh’eﬁ'h‘hﬁ ?‘é?"}eégﬁi P5MBei ng an

enhanced gyphfRLm g%' ltulﬁn?cnpﬁl&%c liRs Fhet: stJPl:'&Alﬂﬂ ﬁﬂ'd%oﬁ' bRd:nak)pg hot strcal a
in the turbine. so the air jets exhausted |Jomt he apertures

travers egvmhedtmgmﬁm\tsq:cnnndnnhlsum easpiohgeoltriganir epphedt icv\,(&)\\oppoa;n ggs luilmees. 1n
t he preferreq tures arc elliptical in shape offering

enhancedpg'lsr(%?éﬂqé?sr%\fefﬂﬁgisﬁi'%”ﬁ?‘ghﬁ@ﬂ‘b‘hst| on zone and enhanced ni xi ng of

the air jets with the fuel and air mxture to provide an inproved exit
tenperature profile. [011] The above di scussed rind other features and
advant agE¥6df Thpe(qye.exkeatis navdedhisi oepmipusior bennaplps duei atoeqjthandlgbhderms ded by

t hose sk rom.t
descri pt ?llc%q'qﬁl Lif) |n1¥t%t§esglr1flhetle(s)LHg%efnglarh%ﬂTﬁ llHVYgllgﬁiglani}Ql ndle Lfﬂvwlﬁn
i nvenl i OmlWellimlli‘[ngHhel gdesmks in e thibjheway ul ~~xayo| , Wills mM'mnc mthe

acconpanying rI1GS., in which: [013] I1~1G 1 is an isonetric view of a
conbustion cliamher having nn inner and outer Irner with a typical prior

art aper ShfnAI3LOETRe Ifvention

[007] The above discussed and other drawbacks and deficiencies are overcome or alleviated

by the present invention.

[008] Accordingly, the present invention provides a combustion apparatus for a gas turhine
engine with enhanced mixing of the combustion gases (fucl and air mixtunie) within the
combustion chamber and a reduction of peak temperatures at the exit plane of the combustion
chamber. Thus, the apparatus described herein provides a more uniform temperature
distribution that reduces the formation of hot streaks and advantageously cools the inner and

outer liners of the combustion chamber.
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Q11-!) Ivli(~ ?1Is ;1 slclc uluv, Wn s~Imn;IW~ vlirwul ;1 pwr pl;m Im
;m;mill ,ml Jlow 2 000ITEE)ID 22" tIIL . ~~~111" .~ 1)l ~In
~IIII~I~III, a17y11111I'XUII(IIIIf' 1111111 11lls ~~~in~~,, ~1 n;
lc:~~l1~~ ;111 ;1 ~~~I~ WIlhlllc cn~lu ~Ilspsc~l In Ihc nacelle; [Ol S

IO 3 is an |sorretr|c side elevation, schcln;lt lc mewell 11
Y1) 111 hiTP83 1Ty pacongliange wdntheprasent 'W“fclmt"Préh‘pﬁlé’s‘éHt'“ INSUERE O MY ng a

bU| khead L]:)Q{bUHﬁﬁ‘\\ Llhr]lllthueh.lVll’l%§1 M[lqlnﬂ(? lﬁ(nglln D& F&)% gklél-l-y dllsP@sILmladlle o

apertures W I ners: s parti al

i somet ri eadi @quCli) Iamdhfo)nhSeﬂumn/dmt h&:uﬂmmzmlﬂt l’\qﬂmmlll)aMﬁO&El l&lbflnH |G. 3 [ (] 17]
lalG 5 is a partial aft view taken

chanber ; “Pt?)‘ii-ll]'“ﬂ:l‘éw'd‘I‘%“&' P tif a"%p' w?‘éfﬁ W‘%W”E)]f'”'t”HB“ wﬁf iof ‘8Pm° She

cl t anher igieh llhmncluheb ﬁﬁ‘luﬂll@} Qﬂﬁ)ell tufds cﬂhnrﬂe@énlﬁll nelHE NG ai AL NAE bMR,
geonetric con flguration for” the apertures; [4 FIG 7 is a parti al

i sonet ri dinet mmlutled@nlualltbnbf aper mrasfcitani@lergntod yt: llril@nm}l hﬁtae apegfrey aregpaged

shovi ng the, de ¢ ( uel ..cone a er o w1

STV o0 by S5 RRERMyy flonk M folRL SR AT A G TATREE M IR
el f | ~1G{hSBout@dnehel O 1dircbhirefi: ilEy1ﬁ)sgfoa@(ﬂ1kliba|ll\dit&ﬁdf1€$s%d$ﬁlﬁbh@l;luﬂhf‘lptzhacma.XI mum
and avera~~e tcnperatura profnle~ versus the percent span at the exit plune

of the chenespsachod! theAieharesers| @G“‘é‘"lm&tcall‘lcétl'%é%ﬂﬁ‘ﬁ'ﬁ@6Wed‘eThe | nventi on
[022] hl %lﬁl% 1]e§erﬁlﬁ\ﬁ9§8m5h&l due erlﬁf?ﬂm&ts' gw Qe ﬁcﬁ%ﬁ]ltﬁggﬁl\ve@%%%h iy~
s e n

rosary nac I’l e, S a gas ne enbi en | he engi ne

I nul || de$ueilme¢rprseslmmmw$g,ahe Lurljcﬂs b)ﬂmuaedlbmhlﬂid ()(leﬁllsh(n) dian8er dloh{ e 1
(COl?lhIISIi?r conl f7]1 § dl | aar IIs Ind a |urhlne scclic~n |
E~. f hc {Pe. LHESJ[OHH(‘)‘(IIIH] lPoj ll}e n 1c1| E} [eé 'f’irf “difi‘l%qo”“:’(fﬂl’o‘ie| Fc (hitibllOnlO)h S

1~1" 1 c~kwhd bemB fudl hnd mrQﬁ:'xtmé llﬁ?“S] jéé—l@dﬁ:olri‘-eiﬂ‘ or e tukl inldetars~tRmsNfletudil~
the longitucllnal direction. Al-low path for working |Inedl umgases (e.g.

all ) | bnésirankgirais|taoropghly mized @ith ¢fid repylisibeg@ @aohppcedsinifermexa, and | C
of the e'i]cgf pﬁal ﬁodl?lll})ﬁll%l h?lp mnn]lHq?hg W&‘ﬁﬁ. qlru, {Lllblfl s .In alllltillal

conbust or- &nd & the annul ar type ell
conhl | stol. The turbine sectl on 1 C~ I ncl udes rt h| gh pressure rotor ?0. It
I s notccl tll rcslne;t to I1~IG ? that the use of an engine having a twn
spool i s[418 WAlg9 fht v1J|e£S|e\Nsaq'ﬁf¢¢fp)ej§é'§,e HICHIES dryerses hgcombpustiqzong [ n of

tile In5i@abhbe [HRYEHEAE oS8 finers. In the preferred embodiment, the apertures are
elliptical in shape offering enhanced air penetration into the combustion zone and enhanced
mixing of the air jets with the fuel and air mixture to provide an improved exit temperature

profile.

[011] The above discussed and other features and advantages of the present invention will
be appreciated and understood by those skilled in the art from the following drawings and

detailed description.

Brief Description Of The Drawings

[01Z] The present invention will now be described, by way of example, with reference to
the accompanying FIGS., in which:

[013] FIG. 1 is an isometric view of a combustion chamber having an inner and outer hner

with a typical prior art aperture pattern;
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(212.i) l:clulllllh may 10 1~IC1S. ? and :~, the comlm Wr -1, Immy ,
com.mAn chamlm?-1 anJ a rnttbrnstrcon Itntd (Itoocl) 38, vm| he I~mItm
~lmhm . I~I(i. ; r~an nsontW~, SChd llatr(: viewof IItCIl."dAtlbl15101
chamber ?a ol~ U ( ~. ? wtc:rc tire conbustion Itc>o0l mpartially broken
away to s t el.atipnshi.p ,of . | ( rc
eI R SRR D G S PR L AR S S T ot
2~! has MnumshrmaNMﬁnalHZGunhMJchwanCMOMMBtheonmemehm%Snqu,hslpreferably
annul ar. The conmbustion chanber 2~! in~lucies an inner annular Ilner (inner
Il ner) 32“ﬂhﬂ%h“e%t@hm§L6Wt@uﬁﬁeﬂent|aIIy about the axis A~ of the engine.
tln outer :11111111:r1" Ilner (outer liner) 34 is radially spaced fromthe
i nner |iner 3? | eavi ng et conbustion zone 36 therebetween. The conbustion
zone 3G Hﬂlﬁ]s@@hédshwetmemm:mueeMpmumeamLEhdc?G“amuiwmhewd@wwymmeawfémc

?8. The annul ar conbusti on nber. 2: ! .al so | udes an annul ar ,
Coll1bl | SIFEPI IWBIPREVARE ¢ ﬁ@?ﬂbg [PRUsH B AR %%QB‘P”Hﬁ"é‘“&:"?ii@lbt‘tgﬂ'ﬁ 't
Ch: 111110;'[)ulmeg quﬁjn ﬁterd't‘l%athh%ﬁ?él ghesrtg Wull.ltc.ul ~18 (1~IG 3) wticlt
is spaced axl:1Ily Iloln Iltc cord mW~n lutod 3~ I~ tvnt~: :1 supply
region 44 therebetmeen for supplylnb air to the conbustlon zone 3C~. [025]

/(?I |p| uclr f‘: ;[ﬁ’?‘ﬁff@%’?‘;{r B&%‘QLI?S?'I“% Rfvﬁew Pnfl g'r'f%‘%' O?l lﬁﬁg&gﬂushon C 6mht§ or%é I(C)‘;f t he

fuel nozzles 4C incluclc a shark Ibniter C~ (1lG. ?). I~rrrthcr, each fuel
nozzl e 4C extends into the conbusti on hood 38_and through tire huII head
-1'S m del W& Fligel i a pprial ¢%m»stli Ihilotha T30 H1p £ 196 UierOaIPus e ey e
(:cererrrrstrcrrr rertaet )1 ?-1, Iomrtm at the downstream end 28
and at the exit of the contnstor chanber ?~! Is an annul ar array of first
st age turl0ilfle Kighéss ¢ panasopI0ar Ae® of 2)e ¢dmlpsghn mluilnlhlt)hﬁl(&ohhlhsrt nhong 65 ~s

pass rl ho tering the turbine section.1G .(1)2<] | errlng now to PIGS. 3
rd L, a0 S iaupe emiRangaP el FRrbTagbo ks i EkGer heel . Pie
shows the conbustion chanber 24 with a difllrser casing (difllrscr) ?3.
[()27] /=S ISI1I1II(1A"Slo()A by those skilled tn the art, |hc

c: ¢l nbustlPE?n Heod ighpittigkisamgirighaew takeatlarictaf EKentoldh¢ Vl"éb‘atsieﬁ rd@e?'n ngs

52. The b llvm@f{ﬁ%ﬁev%ﬂ?rﬁétﬁ d%jlgglcco%g afd H%Inl&% 'rt;[nywn?l lh%ol(l:lﬁl gs S4. ' f"he

openi ngs are axia a necl he opr: ni n~~s
S? In tho conmbustion hood 38 for permtting |118e1 tloll ()1 the fli:
nctzzl cs ~I~ l1tto the conbrlstrc~n mmc¢ 3G C. ach op enlgg 5~ in the

bul khead [420]hd8GaR i partinh lrontaew of de gombusttrdgbehploidG-3hantha cenlcl i ne
(longrllrdlnal axes) of lire lurcl no~.zlc =I<. l::lc;It Ilrcl nizlu -1h rs
rrcmved rn :r 1'-807 5 svi1'ica', ~~CliCally sIIcImn nt 71, which 1s

al | gnccl [02%]h RIGL O i<k gl)'\q)hicnl-lcpbesetnt.ltlmntdﬂtbre ik imurh aoid hverdde. temptiabuoe Switilds | rr

71 Inulntrs | | |, scl vu m

| nl ntl mw bShF iﬂspf%?hceé‘ Sl%tWoP‘ﬂbeu‘fx‘Hlﬂtrbeto {‘f%"'P'&ﬁf ‘Y F%t‘]g'b‘rt Ofih(é l~mtilt
plI'1l~sus of t1115 ~Immncnt) a Illel yuctm shown gcn oraIIy at 73,
IYreferably Includes Ihc S\1"1l lur 71 and tllu |l Ilcl n~)mu ~th. [()2F]

The |nneﬂ”ﬁ#&“bﬂ@@!ﬂ“Wﬁé@%le'"E&“&Pe fixed at tilt upstreamend ?fi of the
conbust | f[J fhr]dﬁ@‘b@ h@ﬁqn?”eﬁn%%ﬁ’m Qligf PRUL sﬁg'olOfxmtl fﬁﬁ Coﬂ?%ﬁ IL?]II <%

The | nne oqur OWns15 &a end

?F ol ' tlaku caomir IIS‘nhtBbhg)nc Grigard) ) 0r Tik=dngime lhd‘tud%anuﬁnﬁ@mn@tpetttnuf es (2, 6-~I
are used to ﬁronnte th rgﬁgh ﬁlXIng of the air and fuel within thL
conbust i GAMPHS Hesec Uy (copbastar, ESBPV““t(We'PBﬁéY”PM hgmd: ur}tnh@q scglen '(bcla‘t‘ed in

an |11 )Sls!tlﬁfﬂl\ LY Ltﬁ'aﬂ.”d@ﬁn@fl .hhﬁ.&@l&l@hﬁ'u‘np?\ an,IL 3 p#lll %(Hﬂ-\t cALANgL T gh

the exenplary enbod | n1L11( he use o I'ut'i on
hol e Cs, UmtmnsunbmédmaﬂdnmvtﬂowrmheosoonycgotdumlgnLhuepmnmmbmhahdomQHQr

nol e dil il e in nd oyt er liners 37?,
5o0° PaaPepfih PR GG o 3R BosdBE iu DRt PERy. Bfcfifioflor 4 EFHE

CO LT bhiSttad C?)lnhbll@fdl lhadheebllowimlg (M&ﬂpll@ﬂ‘“’lh@lpﬁ%ﬂb hlﬂfmﬁﬁmll ajiead combuigbat i on
to the fuel injector 73 and the a torts 6? As air | eaves

the conpr&8sibresedianod moludes : (mgP@)esawe'@m@ lt o ’@tﬂ(’ewl”hgbl’m!(bﬂt Heé 2 that
COﬂbUSt Oh'le]l%t, %Tluﬁ.ng?%)w hR\nﬁn Elul\r\llnegrg g]n% !(glhﬂllg! ll(gzgll‘ §LS (h%ll‘?bf %?gl’ 73

prepares Ihc air entry“into e combust i on ) at | ow
veIocityhhmmpemntﬂmpn@pennhmnnmg with the full. The dlffuser 23 extends
C|rcunferent|ally about the axis A~ of the engine. The air that Is received
into theldi%®fuser 23 enters the plenum 22 for CISII'I1)LIITon (hl'ollL)1

1L COnlbllSlol' 1-L A portion of the air within the plenlIm22 fl ows

| hl" Ul gh opLIl111g5 S? and enlcrs tilt supply region 44 upstreamof |1I1C
Col nbl'I SI1 011 Ione 3C, as indicated by arrows Ain I:1GS. 3 anti -1. A
portlon of the alr that does not flom1|nto the supply n. glon ~I—I floms

oy . " .



downstrc;Imcncl ~~. ~hlnms, mxm-~ of tltc air anll I~ml ns ponmotm In
[1te: y~smnn mul ?f, | tlu nomMnvliicln rll;molr"?=l ;Il~c~Utltc;Ixls /1"
ell I'ImlIiml Ilcm.lcs-1C I~ nflan, It mlolmw-l that unc sl.Illlcd In
Iltc art may enploy slmlar ntutluols 1 provnlc a sw Iny tllc |I~u~l anp
;111 noxWlc into the upstreamend ?C of IhL (:olllhlI511()11 Cltanlhl:
~-| through the opchmn~~ ~-4 car, alternatively, a plurality of simlar
openi ngs. [0REL3R]feh g hew jo FEaLsingtd, i dohe uconbddidvore peoclessn addnlbd gral

all is rcdulred withiln 17 IStl Jhe source for this
addltlonaW“blr”P@"Hép“?gﬁFgﬁ%é ‘Vhé”dpﬁ“ﬂﬁhtcn“q wgJarBUW YA 'ext eri or of
the Conbusﬂtbrﬂnu@b@@ﬂflhgulmht@ﬁ)ﬂ didinbat ho byt hayiasié Mosombds@ivRioins 111 F1G
~4. This air flows between the diffuser 23 and the inner and over IlllelS

3?2, 3-L. Mrodlty bpsen fivverld ghcmrlhe:quufcmablerolzevuartd»cmhenem afhughj e gisgageddef | ne
an outer dbaneter SUﬁEhg Je% en -1?. SImlal ly, the diffuser 23 and the

i nner |in% (§§l@ﬁﬁfv cL A% ﬂ &r dl anct er supply rey on -L3 The outer

di aneter supply region 42 supplies air to cool the outer Ilncr 3~ and to
I1le vanes 30. Tlte 111nCl' dianeter supply region ~l 3 suppllcs agr to cool
t he | nner[()[Zi!he'icga)mlfnﬁérop ghampgr t’)jl h(ap ap gpstream utélndf) )¢ btl(v\éﬁégmg(e)u F@B@]s
portion O &B}{l\bgy an'n(u]lgn fl{éecomgll% hgrg'Il)st 4 %Ltud‘ééler‘n ﬂtn%Pthﬂ)mllngﬁ(lﬁherl 1hent he
apertures present ut1on hol es C6. hi's way, thrs
addi t i onad2 whichlesteans tiradfleretndally dlgout Orebuss r\ont ltnonemBG Ann amal pinwtalliney  of
circurnferentl.all e rtur 63 67? t he inner, and
outer |in@pgr QT)§413“E%§Bé?ﬂ$§éVVn rﬂP@hAb%r? fé%”@b“‘@é?“ﬁ?%‘%ﬁﬁyeyed t ct
supply adgifeh@Rkn e ddhBusii&t Snel3® @@rgpbetretc\%muﬁé hreamtdndostalhsh a

t ol erabl e maxi mum tenperature | evel he downstream end 28 of the
conbust i afovotsarivolend-2p. mleaur}tllwmommerlwat:h«\neheeﬂﬁ@&prreﬁtld%f«mt waulpr esent

: Inxgpt |3(2)n|0:f1y” {\%’V\ﬁ?m‘f }%?dtéfrotu)gtregmgnfla?t()ﬁ)léghc rh()robmgj o Cly Cha 1|1 eI "fl mdndgtlrl]r?ll%ﬂnfr r
proxi mat ext@diiehdpagtasgany endvidéh Bfsphdee «kamyl(l sh rrert(mharm@r hatred 38 Raving
c~m | et~ col nL~usnon and cstahl | sh a tol erabl e maxi mrum tenperature | evel al
t he downst$'@ah eaPnAt erepgfwesoor sunlyisg 101te tlre famalpusiipy gene 351 . 1t is noted
that sonic ol~ tltls air may Flowtltlullglt ;nl~lvtmm,vl apertures (not
shown) | ocated in the inner and outer liners 3'?, 3=l to further cool the

i nner andﬂhﬂteﬁphhn@wsﬂ$m§nBAdaﬂhoad&Dﬁﬁ.WMmLMejmﬁnmuemhomnpnMnmﬁ&rn@QBB]

AR T L R SR R i

the fuel i ged 957%1536 @*ter’u@rnt Qtltth(annl)trL‘PiWn r\%o@@k%(ll ﬂﬁimr;:h e hﬁlk‘ﬁ@QV‘@S R
partial al-t mew of | c conmhtlstlcln chal nhcr ?- :cn al one >~--~o0s~

cllrectl cshllseuiu@lwalh&t Gmtbtisllmll@e ) tOsthenth%trmrol Illtc thpnptlandvmdwn 8fl. Lheuted
com nsW Y. ) U =1 a
POTSCr ) it disXloboslrbhis epa pglund gl hebsigpl ecymubt eyt aly i ™
~yncm |y fiehi(shdek cditbBid vabed (vhids) GO IFEOVERY thioogn tihe:hbhd theadoh 8ageglpatd \ent 0

the apedre G?. | lowever, rt |Is unelcrstoiol by phase skilled in the art
and wi t hich'efing e ppRingpeqtiRnd6i nvention, that the aperture ~~-1 may he
hosl t me~l nore upstreamthan aperture & based on the specifics of the
conbustor 1=I (P1G "~ _') clesrgn. (037] The pattern of the apertures Q) 4

withint rﬂ%-ﬁ]nd@rfclaim@ nom todid GBI hiend<4.30¢ cembliytionespabe i el ymort oull it dvecribed.
combust org, G, ? s, preferyred that the
i nner i mep Jé?' has it %:’i“\r{vIlgl ?eﬂ‘t’Fa?P}‘VB\Fh“ ‘Pﬁ%\“ﬁer‘tw‘te(él &SR t hat the out er

I I ncr 3-1 has a crrcunferentral row of apertures 4. Further, and as shown
inlalGS. 5 and 6, the apertures 6-1 are circunferentiully posrtloned
within t 2But'sris inpdesslogd by dxtse skded 1hibe arl, icgampugie Im@elr%urne a@Hablgtoleen

cach of LI Pl SRS TR SRR Tt sarner 1

only one‘iarfﬁrctmman@’é Seeh wedlldaat 48laie d¥isllyaglj; acermrhﬁu@hpdmm«e,cmhshJ3 I'n
ot her words, the ap ertqre A . is posltroned to one side 7G (FIG 6) of the
axis A" GpPp B oap S OF e g ”E’S‘él"t‘ Wil e b s ghariorbe srralishop /(RLG
G of thesaxich ﬁeﬁﬂ%&h Jhﬁ: lﬂﬂl@fcq{l rlgqit DAl ttﬁ(r}\.,OthI: h?r @PE‘J\LH, ﬁmqs;je\ gzl will
now he Further dcscrl lal axis, A~ ext end hroug center of
each of theuépe(@ugesh@Hhxu%ob%onJanﬂtGﬁ nuﬁ%mthabhﬂyusaumadwah1axrs
A~, extepgﬁg t hrough the center of each of the apertures G3. The

circunfe or arc spaci ng between culjncent apertures C~l along the
outer lrner 3~ I is S'. The .11'c spacing, 5~,, is neasured fromthe
centerline, A-, of each aperture 6~ to the centcrllne A of each adjacent
aperture G-1. Simlarly) the circunferentlal or arc spacing between
adfacent _apertures GP posrtloned mntllrn the |nner I|ner 32 |s S,. The arc

o e o ~N 2 a1



spacing, S' between adjacent apertures <?, C~l, fromthe center axis, A"
c>f each fuel in,lec:tor 73 is equal to approxi mately about one-quarter the
injector sh;lcm~, Sn. Tlte arc spacing 5... S, |Is neasurecl along an arc,
80) Ihat passes throul;h lire centers f;? of Ills ohcrmgs S-1. The pattern
of apertures 62, G4, as clcscribed her ei nabovc, results in a henefi,ci,al

nol | -1 | niioler, mwwbwsm\sm #i Dutvhis igfligmel \afil't !']béwsm@m‘t't'&élb Fylgmgt d 1he

aperlurcs 0t Ges g r L ,
combust i b‘h'glib%E"éé“{‘ pi' @J”'é 2 Md”h?‘(')'\?“l'd‘?@ an 4 %ﬁﬂ?q{@&%)ﬁ?r 'unl(tg](])'? tr}ﬁ(e'l:l“t

| cnper at umeh,gh .slt(rnhbutmmmu{nOmquIl()I toi S]ant]&dt,\t dﬂablstthelllpalﬁlhl ethljeciothe
fuel /~til' tnixttll'c tl'~IVCls wtl~ln |hc Qéllshlon clmlnr 2~ is
not resl $hopetgFdr:: ‘I”~>y“ 7P eraclyr tb'>] gelidegthe St"d)"‘f'l e‘” IR HEhBq % | ~ul we~n
each apci taro 6? and each aperture 64. This itl'c SpaCng 1'eSIIItS In
Incl'cilSed residence 11111C of the f-uel/alr m xture (]spr ay). The

resl cl en@@st i e |rmet el aterdiferoid, WHere fikal Duld unsscamiend 86 of HisraomHeshere|

11022I C LI nl t f tul
L1922 bl ind AP BSnGTIGR LB 4 B RADAPREPSH8H S5

t he aXI at;o 139Gt Lcﬂﬂtc@ltdtuhmeatﬂﬂzﬁfstw.m%nﬁﬁ”%} Gh) Lﬁﬂi\t)lhlﬁh&hl’tl@tl)ﬁlt] Ve (pe essur e

dr ops within the Sf rcgicnms -1?, ~13, all conltrlbute to deter ne whi ch
of the a?® ppereurend téé‘d"fFk"t&’ﬁ'ﬂ@ﬂ?&‘)m‘é‘§ﬁé&f"|‘5}b’“%'&t’d‘E§” @95 el YR 6r se t he
combust h(ﬁ({?nlciﬂﬁ g{m fver24 Prefes lﬂﬁ/ ﬁﬁﬁt%% ()Fr(QMIEh@La\VbQﬁE lﬁ%?&l?t“l% 2l

rite co ) Wrap aroun ealr jct Thal penelra fir

farther $8 dicthe asmbgslrdnt(maﬁiﬂ)&.llllﬂ.)Altlﬁbtlglhlnhd: enmerlatytmdvodn*dem eat n(ﬂgmatudwttt: er
zone 111 the C OV1' (f ~C~l m and ?S l ‘ y] ﬁ&Ctl ve air

1t is untherdpsl 'd'“Bg} Pl sﬁe“ékl“i"F‘éa“‘f wip We“%t?‘t"l’ﬂ? t“ti't"é’“é‘ﬁ L ‘t‘H‘é‘t‘emn

I nj ect  sgibfiiohiHobds 66%@}1 g9 Be §8ddan t6d mALMB oAer 1insrsa2f wact i on of the

comnl stlcln chanber cl ~sn~n anti the prcssllrc clisfril>l1lion willon Iltc
contnlsllonsccllonl~l (I~I(~ ?2). I ItIIs mleclllcc tlo:

1111lI ?’ ! r e ri
I ~| O11 2 thtawmln{slt ipn p{(hu%s ][l)@r{g{\‘po J\n |l nn lh?u?t Bl l()g] (.lit u?‘n el F\?IIF ow— i

| hai | t he @ithet cetplflméconmlnel‘ahen &ptaétrwlenjtadﬂat 7hﬁlﬂblﬂ16&]ﬁ)@&lll,ﬁ6£r(xl Unc way to

acconplish the i njection of nore coolinb air froman aperture is tc) Inrre;
iSe Its area. ~'Ins, tn the preferred enbodi mrent and Dosed on the comhusl or

desi gn aphyy t £t Mwel e B Lidh 8edi 2l iy b 6t S afokb, ore has a

greaterqgr e]a Iteﬁér't s’vzba ?C H‘?’LCS' h Y 'lj)rntja1 ('ﬁi, es:) '%( %” ﬁf]e&ggt&hwoel romthe

apertur e:o@’rHusaJdds (EIG e ahe ueleyleisalmgehfalmm.htl Imfdnlcfm&al thnmnrcsﬂﬂmem fartetry

com nmsMN ); E%Z ~ cl ~QJI 5 tlhat lvel scs |1te comhusl ci

cl tal ol ~0jo the pompugiiog spligisit tht BN FRIOCY I P HGHORSS RIS Y (hE fuel.

acl vt | afiganfliver28@xtdn@s EfcubdibendBy A URY.RE Al Mnt f@he 1 THcCul MRS

dmn~tcr ol ' 111c mm. '1'21r nmllciliun ul' Iltc | cnpcral ll1lus near 111L
111111 " reeqived intq the @i fysen 23 gntees theplepym 28 far disribption hrowdinthe cewbivgiochicnl | i n

order tO | SR U4

d t)\Vll i’ﬁ&%ﬁ%#&iﬂ%ﬁg&"&%%‘gg %gﬁmc'hang&é ‘g{"@] ‘f"&l; y‘?’h‘ulu,l cfteh Slds]C ?Jl}r%e’rst ood

by t hoseegiki I4Heqbsmamnt htetharcbnmndnom ztoh\e B6f nenetucmpndahphnbm A 1Inrﬁllé‘nr$t Band tthat

tile areas. of res({;ﬁ) are sized i_g?onlltcs FIfIC

C: ol I I hIN°&iqmq “’Er‘Bé'i“‘r‘l‘OSt%‘&O‘t & t“LHBeﬁéplP'édtn'?‘é AtsYs pgay “P B¥ably, and
11S Sholcperibd by Fﬂc%mEhn@'&ﬂlc@hn&lga?.,aﬁﬁﬁstM[h%ﬁlc@%y (& drakd B 18K id;@tf GRI4 1IN

sh~l pe. )rich of the apertures &, & has a mgjor axis, |_,

respectlvely, that is Illon~T the InllglllIclllal axis of the conbustor 14

,E Eéei Oﬁ) ()@Dd ﬂltn]ll ﬁ)\ al (ﬁ%#l%’llh&?ﬂi”JP‘I | swdﬁ?wvn IDTLS?( \,5\)lnt tB]y ﬁmR?vrl f"ln\dngﬁﬁég?ll pt i
ruf ~ol s lh@@wnl[bil.dl (mh Cﬁiltl@ld]bch\ﬂs&d&&lmhm}&lﬂ ay blﬂﬁ(ﬁlm‘[ﬂt anekt ﬂ;ﬂ-iLQ\\SHi‘tCtlhhd It o
lcl~~rs tet 111e: lctcallclp In 111c ulltcr liner 3~1. | |owever, it is
noted ar@'hiof H?Jh“t"r’?é"é'écob'é' Bemith %‘W'M/@ht|'bﬂ*“éH%tt"“t”h‘eWéb‘ét'tU‘Pe@ 9d, 6~1 may

al so hayg,¥gfl 9%% n@rrt% Pme al QYR ANS [ SHER 185 [ ) jeul ar

shapes (,)l o éggq ‘a K .I refelrailn§L he Péltl@sﬁﬁ(;(? %"‘H‘a S'"/ D

are eac hoaqbpslmu mtél()yn a’ﬂadutmg)t“ eentleJl ltthamntlbnmlh 1anndhmmst\tpr\\efleuhabt\yIttl

appr oxi mat el ~| . l-IOWF it sY\nthlnthe scope o thisinvention

and undéFded %d;“ y““ AR BESP R TR SRSt S g Ak cepiialig Ay VoS geppcilang
S,, /D" GRlle MahYhAEReRdh Mg B0 shA§ psRBGIfilC 1 EOMHRUSH G heF IR 36a0 0 oy 1he

nl CChalllcaI design. [044] Referring nowto hlG 7> the advantage of the.

featured-8i87111c apertures G?, C-1 di sdussed herei nahove wi |l he discussed

below in the context of the operation of the comhustor 14 (h1IG?). PIG 7

shows a pal'tlal fl'ollt cross sectional viewtal:cn alone 7-7 cU>:1G 3 of

t he conhuslion charrber' ~ (f I1G 3) slI(7NIllg the ALvC()I)IllCnl of~
I'hc f° neI spray, ) and I IS 111tC1 ac | (111 VJItI | 111c alr.lcts. The mew

- a1 1 R o P~



[()~'R] Referring hack to P1G 5, it 15 1117C1Ct"'Slo(7d 1)y those skilled
In the art and \vlilhln rite sC(lIl)e O1-11115 111VCttloll Iltal (11C

1)I'il cel11Cl1t (71~ 111C apd-fill-CS ()~, ()=1 \Mtltllt Il)C 1' CSpCCl | VC
II'Ind" and curler lincl:v 3?) 3=I (lcl)cnelwWw7()n tile Ic)lation c)f lit(:

Duel all ail (111e Ic) tile s\vll lei 71. hn exanple, I~IG 5 depicts the
swi rl  55dwvamdabt end( FpcniirgmSethy t)HhhenamlliI'myat pnhmlu(((mohmtiml lccllm)tmld\l‘(/’itée)
\vIIenV|eV‘é(I |nthed|I ecl|on ~| -~ ? | l lé L |

1 pel - 11Hc-comiushon ¢hywber rﬂe%;&tuow Iné’ g}" ‘épt"éééa ' n th Lkl oA
ci | cunfchient,hé Ll\lqul GGhE Gk nl$|y LQIlularI)j/ Vigm TP nkhﬁ)tl(})(pﬁln)lvﬂﬁl i 18Q thbake! e
angul ar nonentum | nparted by the respective air-lets onto the wol hin~~
Conl 1) 1| slikimid ingadesipyrdant 1 2¢ ol tbe Lowbastivr rhgphgn 2Hhchehthg epeging-=1on S | | |

Ilte l 7Sl | I 11 C.1())Ch\1'ISi;~ h-sos7 of that of | hc
sw | () Slpémﬁl"‘feﬁ:%r‘d)fl%'l"g?%fc méé()l’é“wgﬁ sc IImi: -1 rnIS ISI lcrn ol ~ 111 swn |

mI~~ ul~I"nsmicy Illr crrlrrlt:Ilic~l~rrl" Il~c III ,lets tee pIervIdc:
Ao~ ~=r=r~rlly ~~cllrrv=rl-nt ;r~rr~rlyr~rrnr~ c.r>i r~lrtin, |']

Refcrri nH)’rld)v‘hltlbelDOG§5'S‘7' neth@wiﬂblgﬁé'pn eb?fﬂAPhScndcaqu S LoIues thhuﬂ ‘bb cnl

menm-n ot BEMEAMHS Yoy

appar at usglaﬁhsqw Py lg:@ Tfe k‘?'é% !;?@ksg Zillhdla(“r)Ip '”Yé l(ﬁ%p ,'Oﬁ el 1a lr,jets “em tted

From t heaiblid Cle-dxtdridr @Stl@’k:,on(lmshoﬂ shapfbey Rtt,chutathwe@hl’ theow WpBWﬁDWQ m

Yﬁleoﬁiatyﬁfﬁct]s@'ﬁ?;t'ggr‘*fsgﬁ‘t’t?@ téﬁ\ﬁﬂ”@?’e’ﬂa‘md ‘heBt“he?“fﬁo‘ﬁ '"“fﬁw ?gt R?H“ ect of

the aper {pcaReally Ahe BffuskS23 thEiheatiRr Andalaumeindfin ©0RY doaRes sdppigeédiyn itn. | i ne
with Ihc 1rot gases generated at the upstreamend ~C of the conbustion

chanber Bwnilhusghe diffisang3iaad phaipperdiner %tlu%mcrtéwage'am@neqq FHIRAY g oantd

addi t1onghe 60l angtetas BRY bfA6h §2sifificl PR M the (Htanm'cpenﬁd fAhe Hhasl 051
Al so, tstraverse ustlon gas pat prevliotlsly
cl escrl hept Trterumlcndmlﬂcrom stprawrafiont 43 eupplicchif ai ¢oolribetine lms: Bft;slhd mlumt“ﬂj I cy
I1l1c ail ets ol' tImy~crirlics (r?, OI. This restriction has the effect
of incredd 'ng)t“hel"t/é(f‘ﬂfél ¥ of the cross flow of the comhustron gases that
travels fromthe upstreamend 26 of the conbustion chanber ?~4 to the
downstream encl 28. |-1owever, since there is only one aperture 6?, C4 per
one si del038]t Repdruen of thjsedt iorthg ipphy @gidy H2t fealsd suppbesait hathe ipaueese,t he

conmbust i sbthaeno nl 111 ite the
increaseg’){ﬂ'g(v & YERY ¢ ]1“"?'?159 llc‘,;P qunfﬂl]’(‘%\xy"yl t('”“I EIJTHgt’éL“'t %atf“' h‘z”gtgterred
apertur ecmsas@bhsnaoar GiataSplbflig drakRigeerbal e epbhgl Guantk by, of ool ai r
necessary to travel se tllc conbustion %as path and t he accel eration of the

cross bl b itneanndovtes|inge 3Lk wn@twyln eaipertyres 82,04 we deplaved to spehse t he
combust | fﬂn I Rﬁt(’nr eltsgi‘;ltona‘ﬁle anQlFll%ly nﬂlols?ﬂhgt !P?ol@rgﬁl HHP%%LH%Z) Col are

pref erab ptIca ape ol nte Inrctcrcnce to lilG
C, Ihc nmnqnmrammswel at thendowhistesaen aid(ﬁ/sgwfllhmdmusrgubﬁ Clludhllﬂﬁ|24aXI s of the
comhustor I~ (rIG 2). elliptically shaped apertures provide enhancecf

penctratlon of the air,jcts into [11('. Ccll11D)rl SIIr)11 clrtlm~cc 2~I
sllcr tlgsa) Cy\ﬂszlﬁcﬁﬁﬁ{'d &fbddinzhi ofahe pltckénl 'n$vcnf°(lm el b the tnlcl{hruloﬁ of attlhllﬁnn
respective mgjor axes. Al so, the conical flow Fromthe fuel In,jcclor 73
(1~ CL. Bylc Ahavithivethelinagdingt ?it treshavin ip E1Gc oBButsechalo A6 (s'llmnl(Cb gdctluen ilmpar t
lil~l to I C. Al

norl rl al pl![ptaﬁ'p ﬁp fo llhg dﬁwnft ‘Ci llnpéncF;aS; c?lglhc (?lﬁl?'l(l)sfl/\@n 6“{1 E(iléﬁ lf})(,ﬂmgﬁ,lb (fOlgl'“I g Nes
onto themmlppoﬁnimiga talmble\mbd.mnesumqmngu(u IEValmlelrﬂlaﬂﬂesd‘p&lﬂlcftopmpdllﬁJ ri hutlon

of .jet Flow along tl|c_respect [l ner wall. h-80QF7 | i l~ortl~rr
acll\/aut ‘t“l‘J'*UP'Lg'IEL’i'E«J 4yl E‘s'&“w ﬁ}‘r‘t §Opg @) s e rgay 'i‘i\sé'i“’gb'rm}d' ‘r‘iit‘ll~l ~~ S|
I m I m=l e 0msSndt-shokhYiobted id 0 ”Mt)hrt)“lerl dr Wﬂ'!ﬁ T L cll
taut dl =] tLI | nﬁ%n(llslmm])r/lgl i ﬁSi Wl]e et and ouler ’n-p||s~ 20l 10 UI LP& l'Tl[ft‘tLL‘ltt]d]d))
O 1. |1 1owénlinced 38t @nd agsigtpn lhe@emhlusudn maq:cssl tc: shay, |' , rul,l(vc to the
mJ, Il let wwdlh us ilcl~Inc(l by the lIcspcclivec n7tnc)r axca of apcrltlrcs

(r?, ¢!, Is c)l7um~cd to Inpmv mxing. Tllat is 1c7 say, prcl~~ral)ly)

the | esqess] VRefohn@inoax@FIDS. 3N§! ahk 60ﬂ1c1p||df§1rl&ll]|) ey lp@“ltms‘(‘)l’l(wy\’lv‘itmnn t he
footprint of the spray, (~ as shown In t-~IG L Ref erring now bacl :
to riG 'Beimner i eleidingrs h Rtrplat sewphe @)-fbhtﬂlﬁlﬂtﬁ fug n@mctqmﬂﬂnét 2) fvilf hew

Si w'tan%%%utad%?éewme ,tut?%'nm@n?ﬁs %tttt.&t.(tn Sﬁﬁﬁtpmﬁw. 'Hf,° m

.tenperature profile at the exit plane
adj ust meng®f fl ow bet ween aper Ittrcsﬁ’> 6-1, then one or nore dilution
apertures 66 can 17e enployed in the inner and outcl Illlcls ~?, 3-1. (055]

The dilution hole CC n7ay he enpl oyed, preferably in the inner liner 3?, to
i~acllitate a reduction In the aver age tenperature at a zero percent span
of IIICC()n)IUSIII?n ChaII)beI ?-t exit (laclial dIIchIon) fItc zCl'u

AAAAAAAA .



the invention disclosccl herein will) elliptically shaped apcrtllrc5 ~s Is

~vnlunl fromI~IC-."l, r-so~~ I~ tltc invention dISC I1)5C(I Itl:I-Cl11
SITO-"VS an ;ulvanl;ltiruus lcclmioo In I~c~nll 111;1X11tt11111 ;I ncl
avcral ~~ lcnpclaluic profiles ;I Iltc exit Itlalic. [057] Referring hack

to FTGS. 2 and 3, the cctmnstl (711 Ctaltlhd' ?~l cllscussccl heremahctve
provi des diociidils-Gal NIGLE.SFI@ apparat! uep 2dn e @ igasombrpioneppngiing-120 with
enhanced ﬁlXIn of the conP stjon gases within the conbustion chanber ?4.
The air jldts!é Lﬂ'&@“ﬁ%% ﬁélﬁpertures 62, 64 penetrate into the
conbusti on chanber 24 advantageously provide cooling of the inner and outer
liners 32, 34, the avoidance of Itot streaks, and the enhanced m xi ng of

t he fuel 1636] i xdrceseeThiog i“I;G rfradr«:u piessBirf-Bistpsivecdpanct dbyelqyaptrerm ot hat
1'e5111 1S 111 1 |t ||l nl fl tyibu f to the
conbusti6H“¥i§Wﬁgwt§wdmég é@é?Y AR%QFEIH J)'l:u]tlh1 Byt ”%ﬂﬁu@kpéggéAhhg
surface akigRdef (Heher @idrwitieth sheegopé efihiyiamiitioa, dpemt up@&uﬁ'ﬂ il nﬁr-yl he ]msnwabdl as
t he spaci ng between apertures 62, 64 increases_the m xi EE gzpk he re5|dence
time of tPRYe spFHSREY iham aprBEeE3 basedian the apaciicsobdheLomiyy Ddanen-
tenperature and a uniformtenperature distribution at the domnstrean1end 28
of the conbustor 14 (FTC. ?). The features of the present IllVellllolt
further mﬂﬁMidmeqmuameﬁmmimwahuaﬁﬁLﬁ@nmmbn$CMhatdmhbWaanBSBhéﬂdurabiIity

L?;pt 2r6r ];(Iasrpg%bv% aﬁ;g' Lﬁ]grc%llﬁ ”%ﬁ‘apfﬂﬁgs II[I%)}OQ? ées‘ér ':Tli] { éy’mlhhu,gﬁlml the

per m t ti nehel NReddT hRM difcBfhEAMILER ARBENHELS? SR lhﬁl‘kh& oufetlihit Jranetar at e
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adjacent aperture 64. Smmilarly, the circum{erentual or arc spacing between adjacent apertures

62 positioned within the inner liner 32 is S,. The arc spacing S, is measured (rom the

centerline, A, of each aperture 62 to the centerline, A, of cach adjacent aperture 62, The

subscript i relers to the location in the inner liner 32 and the subscnpt o refers to the location

in the outer hner 34, The radial distance from the engine centerline, A, to the iner and

outer liners 32, 34, is defimed as radii R, and R, respectively.

[039] Since there is one aperture G+ for every fucl injector 73 positioned within the opening
54 (FIG. 4), the preferred arc spacing, S, between adjacent apertures 64 15 defmed as
[27R, /N where N s the number of fuel mjectors 73. Likewise, since there 1s one aperture
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inii predeterm ned direction about said |longitudinal axis; a plurality of
first apertures disposed circunferentially in said Inner' liner in an
upstreamregi on thereof for entry of air) 1l1le air exhausted into said
conbustion zone; anti a plurality of second apertures di sposed
circunfereniially in said outer' liner 117 al7 upstreamregion |hereof for
entry of @ilioy cvdig hailnnjexhaltiedpicht edsiad shacoghbishdion nzomerneneives 0sai d
first apertures heing angu y offset in a circunfcr irecti from
t he closegvnafdébéhlgﬁ éalhy§8tBH6“aﬁLPtaPé§“'%JWHAP“ﬁ Hﬁﬂ wafrv*9pfm
first apgpt ﬁﬁ&%.amuﬁals@k A QrRkdr ly[m\N$@@@naLmnnlur.a§,danlemduspoﬁled o Ay,
subst ant i al y on ppo ite sides of said | ongi tudi nal axis of each of said
pl uralitywsehofuoel F lGhjEd‘t/loslspllelalﬂl')hehtappaw ginygs Sofbebyeh i Beeiherigiigs dhé-ap|
gégggzt Sgﬂ{"r"ﬁm'ggl"gl f‘ﬂb‘é’é@og ?nd lhhill lL(éfn]a FnﬂﬁHI.ﬁfTﬁf‘%sf‘hgn h}ql@]lafﬂéy(hg e
mxture g %13@3355156'“%@?( hﬁ\&h?ﬂ)efl[nﬁbm(ﬁ%d Iﬂinhll’lﬁﬁdchbén ofis fA [ slteaapard unesor

i npi nges onto outer "Iiner' and the ail' exhausted from said plurality
of second*apeqmuﬁ@spmﬂ%WLW@be%ﬁDOG§BW§Hﬂhﬁ@ﬂmﬁﬁﬁéﬂﬂ1 SN rligeragpargtus of
claim 2, f bl b S
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dcl wnsl r gane@ldf aﬁaludepbmr(ﬁll g ycsehlfaedlnen&halmyerltcsulessn u4wﬁnaﬂuedlampamalbu9 ftofv
claim1l, wherein each of said first and seco gﬁgp ures ave 2 ar dilal
Cl' 0SS SEtﬂﬂb%vm‘ﬂ‘§%§Lﬂﬁ%@“"§d'“H“&TcWSHWﬁ*P @HWC@“fS PEPFYY Wi lurc:ii

shid ;ii llélhl{;&l ik ds \Gmmﬂiﬁé/&ﬁﬂmﬁhﬁn%m Joms. B dRNgb¥iuel hednhaxd ), anebraad G

hiliralil I nrst and sccc>nd ;ipcrlurcs Ivvvc clilhtlc;il cross wUuns
W th maj 0¢macxe@nb digirtbutrpi- j or axes are di sposed genei ;|| I y along Sal Cl
1011~1111CInill axis of said illllllllal- C0117h11st1011 (; hall7hel-.

[040] TItis noted that the path that the fuel/air mixture travels withi the combustion

chamber 240 is not restricted by the air jets, due to the are spacing S, between cach aperture
62 and each aperture 64. This arc spacing results in increased residence time of the fuel/air
mixture (spray). The restdence time is the time from when the fuel 1s enmitted from the fuel

nozzle until it reaches the combustion jets enmutted from the apertuies 62, 64.

[041] Tt is also noted that the shape of the combustion zone 36, the axial location of the
apertures 62, 64, and the relative pressure drops within the supply regions 42, 3, all
contribute to delermine which of the air jets emitted [rom the respective apertures 62, 64
traverse the combustion chamber 24 first. The hot gases from the upstream end 26 of the
combustor tend to wrap around the air jet that penetrates first, further incicasing the
combustion temperature and creating a hotter zone at the downstream end 28 1 lime with the
respective air jet. Itis understood by those skilled in the art that the apertue that will inject
air first into combustion chamber 24 is a function of the combustion chamber design and the
pressure distribution within the combustion section 1< (FF1G. 2). Thus, to reduce the
temperatures in this hot zone, it is preferred that the air jet from the apertuie that penctrates
first, injects more cooling air than the air jet from the aperture that penetrates later. One way
to accomplish the injection of more cooling air from an aperture 1s to increase 1ts arca. Thus,
m the preferred embodiment and based on the combustor design and testing, the aperture 64
injects first and therefore has a greater arca than that for the aperture 62 Thus, the air jel
from the aperture 64 adds a relatively large amount of cooling arr mio the combustion
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6. The apparatus of claim1l, wherein each of said cross sectional area of
said plurality of first apertures is different than each of said cross
sectional area of said plurality of second apertures. 7. The apparatus of
claiml, mherein said plurality of second apertures having a Cross
sectional  area t han a crﬁss sect i

first apé‘ﬂﬂP%s- §%‘Tﬁé“ébﬂéﬂéW wisigen ¢y Qth)'”&ﬁéPéﬂh“”@“dRaHW 1““"
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aim 8, mhereln sa annul ar conb u§i|on chanber |ncludes a downstream end
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dd t t
of said prurarrey oo ge PR S bR T LD B S fRE  ee

spaci ng {hesahsiswesohaikeroal d apertures of sald 1)1t11 ality of second
apertures having equal circunferential spacing therehetween. | L. The

apparatus of Calnl 10, wherein said pIuraIity of first apertures each

havl nb i R neynof
sg;/dnpl 3|[(g+ ,[S;Thé |s Lgiélelsslogor%ﬁa rtggsets‘?f1 hﬂa' ﬂlhc DF 1ﬁ| \?ﬁtﬁﬁg ?CQ) %%‘19 %ﬁ\%ﬂlg gx' .

is great ﬂhlﬁlhﬁﬂcwoleﬁ&lﬁ}beltu@cﬁﬁ)(m afeized lallsdl Ballid spéalﬁal.a)myusm: &eigondd the

apertures each having a second mnor- axis anti the ratio of the

ci rciinf &EREsgViEMAhg ol ' sai d plurality ol'sccond apertures to the

lcngth c>l-the second first mnor axis is greener than O equal to flhQU

fAll~ 12. The apparatus of claimC) wherein each ~f saiii Cl'C)sS

SCal 1 (1| I[@EIS]arPee[efdhi;)amdd p$ elrcerti inyFIEHS. Hiand O, @pérwrurlés()it Hdgnimihehcl aphi@ach
111 II|||aI|t apcrtllrcs.

(r)f sggl | E‘e"sngie@fftl’l ‘8&/‘6 87 A{“?‘“‘A“‘[m%lb' 2its Agnre: A"CE’?‘ ! YAB“‘F‘GAHQ“&"A A AY#| X
longitudinal axis of the combustor 14 (FIG. 2) and a mmor axis, D,, D,, respectively, that is
perpendicular to the longitudinal axis of the combustor 14 (FIG. 2). Once again, subscript i
refers 1o the location in the inner liner 32 and the subscript o refers to the location n the outer
liner 34. However, it is noted and within the scope of this invention that the apertures 62, 64
may also have various geometric configurations such as, for example, circular shapes 63, 65
(FIGS. 6A and 6B). Preferably, the ratios of S/D, and S/D,, are ecach approximately about
greater than four, and most preferably approximately about 4. However, it is within the scope
of this invention and understood by one skilled in the art that the ratios of S,/D, and S/D,, can

vary depending on the specific combustor thermal and mechanical design.

[044] Referring now to FIG. 7, the advantage of the features of the apertures 62, 64
discussed hereinabove will be discussed below in the context of the operation of the
combustor 14 (FIG.2). FIG. 7 shows a partial front cross sectional view taken along 7-7 of
I1G. 3 of the combustion chamber 24 (FIG. 3) showing the development of the fuel spray, T,

and 1ts interaction with the air jets. The view 1s taken downstream ol the apertures 62, 64,

[045] In developing the exit temperature pattern, the hot combustion gases from the mjector
73 (FIG. 3) will regularly favor one side of the combustion chamber 24 over the opposing
side, thus making that side burn hotter. Tt is known and understood by those skilled in the art
and within the scope of this invention that the jet flow from the apertures 62, 64 can be sized
by designing the arca of the apertures 62, 64 to shifl the [low [rom the cooler side to the

hotter side as the combustion operations dictale.
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@.s, - 1095'8¢ sc%ku? to lhe iel/air mixture white the air jets from' the respective lpellmes 62, 64
preferably imparts a clockwise turn to the air jets emitted therefiom. That is to say, the ai
Jjets tum in clockwise upon nteraction with the counter-clockwise spray and consequently,
wrap around the spray (fuel cone) providing an enhanced mixmg environment. This assists 1n

the avoidance of hot streak formation in the inner and outer hiners 32, 3.,

[048] Referring back to FIG. 5, it is understood by those skilled in the art and within the
scope of this invention that the placement of the apertures 62, 64 within the respective mner
and outer liners 32, 34 depends upon the rotation of the fuel and ar due to the swirler 71, Fo
example, FIG. 5 depicts the swirl 55 from the opening 54 to be anticyclonic (counter-
clockwise) when viewed in the direction 4-4 of F1G. 3. Thercloie, apertures 62, 64 we
appropriately displaced in the axial and circumferential directions relative to the openmg 54
s0 that the angular momentum imparted by the respective air jets onto the working

combustion gases within the combustion chamber 24 1s in the opposite dircction (clochwise)
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(o the onentation of the an jets to provide a generally equivalent acrodynamic condhtion,

(0491 Referring now to FIGS. 7 and 8, yet another advantage ol the present mvention s

shown. FIG. 8 is a partial front vicw of the combustion apparatus 24 of FIG. 3.

[050] As shown in FIG. 8, the air jets emitted {rom the apertures 62, 64 1s of a quanuty and
corresponding velocity such that the cool air of the air jets is placed in the path of the hot air
issuing from the swirler 71. In other words, the net effect of the apertures 62, 64 15 to create a
volume of cool gascs directly in line with the hot gases generated at the upstream end 26 of
the combustion chamber 24, Thus, mixing is promoted, hot streaks are eliminated and

additional cooling is provided to the inner and outer liners 32, 34,

[051] Also, since the air jets traverse the combustion gas path, as previously described
herein, the flow ol the Tuel/air mixture is restnicted by the ain jets ol the apertures 62, 04,
This restriction has the effect of increasing the velocity of the cross llow of the combustion
gases that travels from the upstream end 26 of the combustion chamber 24 to the downstream
end 28. However, since there is only one aperture 62, 64 per one side of the fuel injector 73
(FIG. 3), the air jets that traverse the combustion gas path are not impeded from doing so
despite the increase in velocity of the cross flow. Tt s noted that the preferred aperture
patterns permits this balance between the quantity of cool air necessary to traverse the
combustion gas path and the acceleration of the cross flow that must be overcome by the air

jets in order to traverse the combustion gas path.

[052] As previously noted, the apertures 62, 64 are preferably elhipucal shaped. As earhier
pointed out in reference to FIG. 6, the major axces 1., and L, are along the longitudinal axis of
the combustor 14 (FIG. 2). Elliptically shaped apertures provide enhanced penctration of the
air jets into the combustion chamber 24 since the cross sectional strength is greater along the
respective major axes. Also, the conical flow from the fuel injector 73 (F1G. 3) and the shape
of the air jet cross section tends to impart 1ift to the air jets. This elfect results i the air jets
twisting normal to 1ts original orientation, arrows C (IF1G. 7), as it splashes onto the opposing
liner wall resulting in an enhanced uniform distribution of jet flow along the respective liner

wall.
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jets of the apertures ()2, 6-1. In other words, l|\L footprmt of the spray, I, relative 1o the total
jet width as delmed by the respective mmor axes of apertures 62, 0-h 1s optimized to improve
mixing. That is to say, preferably, the respective minor axes Dy and D, of apertues 62, 6

fall within the footprint of the spray, F as shown in FIG. 8.

[054] Referring now back to FIG. 3, it is also within the scope ol this mvention, that il the
simultaneous requirements of peak temperature reduction and uniform temperature profile at
the exit plane can not be optimized by the adjustment of [low between apertures 62, 64, then

one or more dilution apertures 66 can be employed in the inner and outer liners 32, 34,

[055] The dilution hole 66 may be employed, preferably in the inner liner 32, to facilitate a
reduction 1n the average temperature at a zero percent span of the combustion chamber 24
exit (adial direction). The zero percent span for the exit plime is tocated at the downsticam
end 28 of the combustion chamber 24, proximate to the inner hiner 32. That is to say, the
average temperature near the inner liner 32 proximate to zero percent span 1s reduced. 1t is
within the scope of this invention and understood by those skilled in the art, that the number
and placement of the dilution hole 66 is based on a reduction of the temperature at zero
percent span. This alternative embodiment, when used with the apertures 62, 64, provides
enhanced flexibility to reduce the average temperature profile in the combustion chamber at

zero percent span.

[056] FIG. 9 demonstrates the results of an actual full annular g test that compares the
maximum and average temperature profiles versus the percent span along the exit plane of
the combustion chamber 24 for both the configuration, as taught by this mvention, and the
conventional prior art configuration. The prior art configuration, shown previously m FIG 1,
consists of st and second rows 96, 98 ol apertures 92 located m each ol the imner and outer
liners, 32, 34, 1espectively. The apertures 92 may have various diameters and are located in
the outer and inner liners such that they are symmetrical with respect to an aperture 94
through which the fuel nozzle (not shown) is placed. Curves 84 and 86 represent the
maximum and average temperature proliles, 1espectively for the prior art configuration,
Curves 88 and 90 represent the maximum and average temperature probiles, respectively ol
the invention disclosed herein with elliptically shaped apertures  As s evident from FIG. 9,
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[057] Referring back to FIGS. 2 and 3, the combustion chamber 24 discussed hercinabove
provides for a combustion apparatus 24 for a gas turbine engine 10 with enhanced mixing of
the combustion gases within the combustion chamber 24. The air jets emutted from the
apertures 62, 64 penetrate into the combustion chamber 24 advantageously provide cooling of
the inner and outer liners 32, 34, the avoidance of hot streaks, and the enhanced mixing of the
fuel/air mixture. This is made possible by the aperture pattern that results in a nonuniform
flow distribution of the air jets into the combustion chamber 24, as described herein. Further,
the increase in the surface area of the air jets emitted from the apertures 62, 64, as well as the
spacing between apertures 62, 64 increases the mixing and the residence time of the
combustion process. This facilitates a reduction in peak temperature and a untform
temperature distribution at the downstream end 28 of the combustor 14 (FIG. 2). The
features of the present invention further provide an operational environment that enhances the
durability for the first stage turbine vane 30 and rotor 20. Finally, in the preferred
embodiment, the apertures 62, 64 are elliptical in shape permitting the air emitted from the
apertures 62, 64 to fully penetrate across the cross section of the combustion chamber 24 and
splash onto the opposing outer and inner liners, 64, 62, respectively, eliminating hot streaks

and further cooling the inner and outer liners 32, 34.

[058] While the invention has been described with reference to a preferred embodiment, 1t
will be understood by those skilled in the art that various changes may be made and
equivalents may be substituted for elements thereol without departing from the scope of the
invention. In addition, many modifications may be made to adapt a particular situation or
material to the teachings of the invention without departing from the esscntial scope thereof.
Therefore, it is intended that the invention not be limited to the particular embodiment
hsclosed as the best mode contemplated for carrying out the invention, but that the mvention

will include all embodiments falling within the scope of the appended claims.
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- 105 . ,
an unmﬂl)nr combustion chamber having an upstream end, sid annulin combustion

chamber including:
an inner liner, and

an outer liner coaxially disposed relative to each other, said inner and outer
liners define a combustion zone;

a plurality of fuel injectors at said upstream end, each of said plurality of fuel injectors
having a longitudinal axis and configured to swirl the fuel and air mixture injected therefrom
in a predetermined direction about said longitudinal axis;

a plurality of first apertures disposed circumferentially in said inner liner in an
upstream region thereof for entry of air, the air exhausted into said combustion zone; and

a plurality of second apertures disposed circumferentially in said outer liner in an
upstream region thereof for entry of air, the air exhausted into said combustion zone;

each of said first apertures being angularly offset in a circumferential cirection from
the closest of each of said second apertures so that said plurality of first apertures and said
plurality of second apertures are disposed substantially on opposite sides of said longitudinal

axis ol each of said plurality of fuel injectors.

2. The apparatus of claim 1, wherein the air exhausted from said plurahity of first
apertures and said plurality of second apertures opposes said direction of swirl of the fuel and
air mixture and the air exhausted from said plurality of first apertures impinges onto said

outer liner and the air exhausted from said plurality of second apertures impinges onto said
inner liner.

3. The apparatus of claim 2, wherein said plurality of first apertures 1s proximate said
upstream end and said plurality of second apertures disposed downstream of said plurality of

first apertures.

4. The apparatus of claim 1, wherein each of said first and second apertures have a

circular cross section,
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annular combustion chamber.

6. The apparatus of claim 1, wherein each of said cross sectional area of said

plurality of first apertures is dilferent than each of s cross sectional arca of sad plurality of

second apertures.

7. The apparatus of claim 1, wherein said plurality of second apertures having a cross-

sectional area larger than a cross sectional area of said plurality of first apertures.

8. The apparatus of claim 1, wherein said annular combustion chamber includes a

dilution aperture,

9. The apparatus of claim 8, wherein said annular combustion chamber includes a
downstream end and said dilution aperture is located within said inner liner proximate to said

downstream end.

10. The apparatus of claim 5, wherein said apertures of said plurality of first apertures having
equal circumferential spacing therebetween and said apertures of said plurality of second

apertures having equal circumferential spacing thercbetween.

L 1. The apparatus of claim 10, wherein said plurality of {irst apertures each having a first
minor axis and the ratio of the circumferential spacing of said plurality of first apertures to
the length of the first minor axis is greater than or equal to about four, and said plurahty of
second apertures each having a second minor axis and the ratio of the circumferential spacing
ol said plurality of sccond apertures to the length of the second first minor axis is greater than

or equal to about four.

12. The apparatus of claim 6, wherein each of said cross scctional area of siid
plurality of first apertures 1s smaller than each of said cross scctional arca of sad plurahty of
second apertures.
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