
;e3ee*eF6T*bm   COUNTER SWIRL ANNULAR COMBUSTOR [001] The Government has
rights in this invention, pursuant to Contract No. N00019-O1-C 0l32 awarded
by the Naval Air Systems Command and may also have rights pursuant to
Contract No. N00140-86-C-9417 awarded by the Department of Navy. Technical
Field [002] This invention relates to combustors for a gas turbine and in
particular to the efficient mixing of fuel and ail- within the combustor.
Background of the Invention [U03] 1n a typical gas turbine engine, the
working medium gases are flowed into the combustor where they are mixed
with fuel. The combustor provides a combustion chamber where the fuel and
air mixture 1s burned as thoroughly as possible. In an annular combustor,
the fuel is metered and injected into the combustor by multiple nozzles
along with combustion air having a designated amount of swirl. [004] To
facilitate mixing of the ail- and fuel mixture as the combustion gases move
downstream in the combustion chamber, a plurality of cross-flow apertures
are used within the outer and inner liners of the combustor. These
apertures introduce additional air (air jets) into the combustion chamber
downstream of the fuel nozzles. Generally, the manner in which typical
annular three rind two zone combustors mix the Duel and air wilI be
mentioned below. Annular combustors employ annular rows of bolts within the
outer and inner liners, respectively. Referring to FIG l, in a three zone
combustor (two stage air admission) having primary, intermcdialc and
dilution zones, there is generally a first row of- bolts in the outer liner
and a corresponding first row of holes in the 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 m the outer and inner
liners. The first rows of holes reduce the formation of the hot streaks
F-8087   wltllc the scconcf lows of holes fatc:iiUal all 1:X11 t~mlralmc
loaf ll~ ac:myU;ll~lc to ,os ttllmu cn~;inc rotor clcsi f;n. `l'hc overall
length of the comlolstor c;ln he ri:clucccl, 11'111c11 Itas helm
Itl:lctol~orc rccognlicd. Such a rcducticm In ctvcrall I~.n~llt Is
accoml711shcd 17y l'.IIItlln.llln~~ mu of the air aCllttls51011 SlllgCS.
`I'hIIS) a two zone ccnbusloi dcslbn (sm~lc stay~c air admission)) having
primary and dilution zones, does nol eml7lcty the second rows of holes
Therelorc, the air jets from the first rows of holes in the outer and inner
liners cool the center of the combustor. Unfortunately, as a conseduence of
having only the first rows of holes, hot streala can form along the walls
of the inner and outer liners or in Ihc balls between Ihe.jcls. [005] If
thorough mixing is not achieved during combustion of the mixture, tire
result mil be a non-uniform temperature variation of the combustion
products as they exit the combustor. Conseduently, the downstream gas
turbine parts, such as the first stage turbine vanes) are subjected to
localized overheating. This overheating has the effect ctf degrading the
durability of the downstream gas turbine parts. further, this ovcrheatind
of the downstream gas turbine ports rccluires increased cooling air tit
compensate I~or tile overheating. Conseduently, this increase of cooling
air supplied to downstream gas turbine parts decreases overall gas turbine
efficiency. (00l] Therefore, what is needed is a combustor apparatus that
more thoroughly mixes the fuel and air mixture with the results being an
enhanced uniform exit tcmperalure distribution thus eliminating hot streaks
in the turbine. Summery OI' The invention 



[0A7] The above discussed and other drawbacla and deficiencies are overcome
or all~mat~d by the present invention. (008] Accordingly, the present
invention provides a combustion apparatus for a gas turbine engine wr111
cnllanccd mixing of rite comltustion gases (I~llcl aiid air ntixtllll:y
\vllhllt thl: cOml)lIStlOlt cltambCl' i111(1 a I'edllCtl011 Of l7Cah
1Cm17Cl'alllll'CS 111 the eXll plane of the combustion chamber. Thus) the
apparatus described herein provides a more uniform temperature distribution
that reduces the formation of hot strcal;s and advunta~cously ce)ols the
inner anll outer liners of the combustion chamber. f-sos~   [0(l9) In
accordance wrtlt the present invention, the apparatus rnclndcs air annril;
rr comhusUoo ~I~,mol~cr Imving an inner liner and ;in emlei liner
c:craxrally ~Irslurs~cl rclanvc to c,mli olltcr to I~ornt a roml~ustion
ronc thcrcl~cwcurt n plrrr,rlity ol~ I~ucl yucW n 5 is cons-rgured to swirl
the fuel :111l1 air mixture injectecl therefrom info Ihc combustion zone.
The inner liner includes a plurality of apertures circumferentrally
arranged. Similarly, the outer liner includes a plurality of apertures
circumferentially arranged. 'fhe apertures are spaced apart
circumferentially along the respective inner and outer liners. Purthcr, the
apertures rn the outer liner are circumferentially positioned such that
there is only one such aperture between each of the fuel injectors.
Similarly, the apertures in the inner liner are circumferentially
positioned such that there is only one such aperture between each of the
Duel injectors. In this way, the stir jets exhausted into the
CO111bl1SlIOlt Gltar11bC1' I~r~m the apertures located in both the inner
and outer liners advantageously oppose the direction of swirl of the fuel
and air mixture tll:lt is injected from each of the fuel injectors. Thus,
the fuel and air mixture is thoroughly mixed with tile results being an
enhanced uniform exit temperature distribution thus eliminating hot strcala
in the turbine. [01(l] Also, the air jets exhausted from the apertures
traverses the combustion zone to impinge the respective opposing liners. 1n
the preferred embodiment, the apertures arc 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 rind 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. liricf Description ()f'1'he Drawings ~012~ ~I'lu: Imvcrtt
invcnlion will now he dcsciild, liy way ul~~xayol~, wills ml'mrmc m the
accompanying rIGS., in which: [013] I~1G. 1 is an isometric view of a
combustion cliamher having nn inner and outer Irner with a typical prior
art aperture pattern; r-sos~  



Q111-!) Ivl(~ ? Is ;I slclc uluv,Wm, s~Imln;IW ~ vlrw ul ;1 pwur pl;mn Im
;m ;mm;ill ,mil ,Imw ,1 llllltll)Il l11'tIIL'. ~~~111`.~ l)I ~In
~Illl~l~lll, a 17y11111 l'XtUll(Illlf' I111111 Ills ~~~in~~,, ~1 n;
lc:~~ll~~ ;11I ;1 ~~~I~ W Ihlllc cn~lu ~Ilspsc~l In Ihc nacelle; [O1 S]
PICr. 3 is an isometric side elevation, schcln;lt lc mew ell 11
l'1)Illhll5lll)11 CI1a111111C'.I- ill- the present Invention having a
bulkhead for use in the ~~,IS turbine engine of 1~IG. _' Inclmlnl~
apertures within the outer and Inner liners; [Old] F1G. 4 is partial
isometric view of a diffuser and the combustion cllamhcr elf IIG. 3; [(l17]
IaIG. 5 is a partial aft view taken along S-S of hIG. ~ of the combustion
chamber; [01~] FIG. C is a partial top plan view of the comlntstion
cltamher elf IOG. -I tah~n alone l-fl of F1G. S including alternative
geometric con flguration for the apertures; [4l9] FIG. 7 is a partial
isometric view taken alonf; 7-7 of hIG. 3 of the hulhhe.u of );IG. 3
shoving the development of the fuel cone and its interaction with the
air-jets; [(124] FIG. 8 is a partial front view of the comhusllon chamber
elf I~1G. 3; and [021] FIG. 9 is a graphical representation of the maximum
and avera~~e tcmperatura profnle~ versus the percent span at the exit plume
of the colnl>ustion chamber of lUG 3. Detailed Description Of The Invention
[022] hlG. 2 is a schematic representation of a twin spool axial fluv~,
rosary machnle, smh as a gas lurhine enbine (engine) 10. The engine
Inullldes a compression sec:tlcln I?, a Cllllll)LISII()11 Sc:cll(111
(CO171hlISl(7r, COnlf7llSlldll appar.ltlls) 1 ~I, ;Ind a lurhlne scclic~n I
E~. 'fhc; ~~~c~tll>n~ I?, I~I) Ih ;plc 111.~111~cl ;11>l~lll ~11~ ~Ixis
1~1' Ic~l;lllc>n, /1,., cal' II~~~ ~~11~~,11~~~ I() Ill,lt ~~~t~~ncl~ 11~
the longitucllnal direction. A I-low path for working Inedlum gases (e.g.
all ) I b extemls a~lclll~, 111l-Ollgll lIII:SC sCClln115 12, 1~4, and IC
of the engine I O. I'ICfcrahly) 111c comhclstor I-I is .In a1111t11a1'
combustor and the following description will apply to the annular type ell
comhllstol. The turbine section 1 C~ Includes rt high pressure rotor ?0. It
Is notccl wltll rcslmc;t to I~IG. ? that the use of an engine having a twin
spool is for lllllstr;ltivc hllrposcs clnly and Is not .1 limit tlcln of
tile In5lallt invcnllon. I-Q087  



(112.i) l:clulllllh may l0 1~IC1S. ? and :~, the comlm:,W r I-1, Immny ,
comlmWon chamlm ?-1 amU a rmttbrnstrcon Itmtd (Itoocl) 38, vmll he I~mlltm
~Immhml. I~I(i. ; r~ an nsomcW ~, SChClllatr(: view of IItC l.'Oltlbl15101'
chamber ?a ol~ UI( ~. ? wltc:rc tire combustion Itc>ool m partially broken
away to show the relationship of several (:ol'11p(lrtl;IltS \1'111(:I1 arc
dlsposml adjacent to each fuel nozzle 4G. [02:-1] The combustion chamber
2~! has an upstream encl 2G ~lllcl a clownstreom encl ?S unU Is preferably
annular. The combustion chamber 2~! in~lucies an inner annular Ilner (inner
Ilner) 32 which extends circumferentially about the axis A~ of the engine.
t1n outer :11111111:r1' Ilner (outer liner) 34 is radially spaced from the
inner liner 3? leaving et combustion zone 36 therebetween. The combustion
zone 3G is disposed I~etween the upstream end ?G anti the downstream enci
?8. The annular combustion chamber 2:! also includes an annular
Co111bllSlloll hood 38 at the upstream end 36 of tllC (:(1111b115111)It
Ch:11111C1' ?-t and a radrallycxlcndlrtg Uull.ltc.ul ~18 (I~IG. 3) wlticlt
is spaced axl:llly Iloln Iltc comlmsW ~n lutod 3~ I~,tvnt~.: :1 supply
region 44 therebetween for supplyinb air to the combustion zone 3C~. [025]
A plurality of Duel nozzles (nozzles) ~tf> are spaced
cll'Clll7lfcl'enllally ab(lllt Ih~ Inlerlor of the engine 10. Some of the
fuel nozzles 4C incluclc a shark Ibniter C~ (11G. ?). I~rrrthcr, each fuel
nozzle 4C extends into the combustion hood 38 and through tire hull.head
-lS m deliver fuel to the combustion zone 3G to the intcl ror of lire
(:(tltllllSll(lll l:lt:rllll)l',I' ?-!. I.m.rtml at the downstream end 28
and at the exit of the comlnstor chamber ?~! Is an annular array of first
stage turbine vanes (vanes) 30 (PIG. 2) through which the comhustmn ;~as~s
pass rlhon entering the turbine section 1G. (!)2<] Referring now to PIGS. 3
and ~L, the; combtlslicln chamber ?L r7 11701'c lolly ckacrlheci. P1G. ~!
shows the combustion chamber 24 with a difllrser casing (difllrscr) ?3.
[()27] /~S IS llll(lCl'Slo()Cl by those skilled tn the art, Ihc
c:clmbustlctn hood 3h Itas a plulallty of clrcumfcrentially spaced openings
52. The bull:hcacl ~I~ also lnclucles a plrrralrty of pocnlngs S4. 'f"he
openings 5~I in the hull:hcad 48 are axially allgnccl wllh the opr:nin~~s
S? In tho combustion hood 38 for permitting I11Se1'tloll ()I` the fli:l
nctzzlcs ~I~ lltto the combrlstrc~n mnc 3G. C:ach opening 5~! in the
bulkhead 4~ has an axis n". The axrs A" e~;tcncls Ihrou~~,h th4 cenlcl line
(longrllrdlnal axes) of lire lurcl no~.zlc =I<. l::lc;lt Ilrcl nizlu -Ih rs
rrcm vcd rn :r 1'-807 5   S~VI1'ICI', ~~CIICIaIIy sllclwn nt 71, which 1s
allgnccl with tllu cll)cnlnL; >-I In tllu Imll,ll~ucl -1F. ~I'llc Swill Irr
71 Inulmlrs ;1 pllllallly of ;lir swill Im v;nlrv 7(I wll~ll scl vu m
Inlmclmw ~omlmslmn al and foul Intel tile ronlhllstion ~onc 3h. I~m tilt
pllll~sus of t1115 ~Imwnncnt) a Illel yuctm, shown gcn orally at 73,
I)referably Includes Ihc S\1'1I lur 71 and tllu I llcl n~)mlu ~th. [()2F]
The inner and outer liners 32, 34 ale fixed at tilt upstream end ?fi of the
combustlcln chamber 24 and enclose this portion of the combu5tlon zone 3G.
The Inner anti outLr Ilnel s ~i?, ~i~1 are conneclcd al the downstream end
?F ol' tllu comlnl5tion cllaml)ur ?=l to thu vanu5 30. Apertures (2, 6~I
are used to promote thorough mixing of the air and fuel within thL
combustion chamber 2~1. Preferably, the apertures ~'?, C~l arc located in
an lll)Sll'calll I'L5lon 5F of the CO111bl1Sllon Challlbel' LPL. Allhollgh
the exemplary emboClln1L11( CI (CS not IIl(:lllde the use of a dilution
hole C6, it is noted and within the sool)c of this invention that one or
mole dilution holes 66 may also be used in the inner and outer liners 3?,
3~1. [112'l] 'I'I~c combll5tion process and blow ol' air willlln (IlC
C()Illl)IIStII>Il (:Ilaml)el' ~-I w111 now be further explained in relation
to the fuel injector 73 and the apLl torts 6?, C~-1. [434] As air leaves
the compression section 1? (Fl(~. ?) and pnclr to entering into the
combustor 14 (rIG. 2), the air enters the dlffuser?3.'hhc diffuser ?3
prepares Ihc air for entry into the combustion section 14 (P1G. 2) at low
velocity to permit proper mixing with the full. The diffuser 23 extends
circumferentially about the axis A~ of the engine. The air that Is received
into the diffuser 23 enters the plenum 2? for CIISII'll)Llllon (hI'oIIL)1
lllL COnIbIISlo1' 1-L A portion of the air within the plenllm 22 flows
lhl'Ullgh opLIlI11g5 S? and enlcrs tilt supply region 44 upstream of lIIC
ColnbllSll011 lone 3C, as indicated by arrows A in I:IGS. 3 anti -1. A
portion of the air that does not flow into the supply n.gion ~l=l, flows
Instecld around the exterior of tilt inner and outer liners 32) 3~1 as
indlcalcd by the arrows f3 In f~IGS. 3 and -4 (131J '1'11r 11i1 (I1;11
cll~lurs Ills Illlll:llcacl slll)I~ly lui;l~l~l ~I I Is ~wlll~~ll Ily Ills
~willul vtlllu~ l11 c~l~ tile swirler 71 in a COIInILI'-CIoCIC\~JISL
Clll'eClloll, by v~ay ell' CXalllple. ~I'Ilc air is W~IrIcU at tllC point
of injection of the fuel from the swirlcr 7 l . 'I'lo; swill per vililcs
7() swl I 1 the .111 and promote mixing of the fuel and the air. The fuel
is injected I-rom the fuel nozzle -IG Into the Colllbll5tlon %011C, 3C~ in
the form of conical lets (allnlIIIIS) tllal Is then mlxecl with the swill
Imp air to form a fuel amp air spray. The spray swill Is allcllit Ihc
cenlcl Ilnc, A", nncl loll Ins a rmlm;ll Shape cxlrlllclln~ clutwaid as
lhl: 5171',1y pl'11111111`!IIIeS 11111> tile cclmlmnlc~n illnu ~~~
IIv:llcl5 111u P-F057 h  



downstrc;Im cncl ~~. ~hlms, mixm~~ of tltc air anll I~m~l ns pomotml In
Iltc: y~sm:nn mul ?f, I tlu momlmvlicln rll;molr'?=I ;II~c~U tltc;Ixls /1"
ell Ilm Im~l Ilcmi.lcs-ICI I~'mflan, It m lolmwm~l that unc sl.lllcd In
lltc art may employ slmllar ntutluols 1 provnlc a swl Imy tllc I~u~l amp
;III noxW Ic into the upstream end ?C of lhL (:olllhll5ll()11 C'ltanlhl:l
~-I through the opcmn~~ ~-4 car, alternatively, a plurality of similar
openings. [(132] Iurther, to assist in the combustion process, additional
all is rcdulred wlthln the COI11l7lISt1()Il ZOTIe 36. The source for this
additional air is that 1rtion of the air that I-lows around the exterior of
the combustion chamber 2~1, as indicated by the arrows, 13 S170\vn 111 F1G.
~4. This air flows between the diffuser 23 and the inner and over IIIIeIS
3?, 3-L. Mlolc specifically, the diffuser 23 and the outer liner 3~I define
an outer diameter supply legion -l?. SImIIaI ly, the diffuser 23 and the
inner liner 32 clufinc an inner dlamcter supply rey on -L3 The outer
diameter supply region 42 supplies air to cool the outer Ilncr 3~I and to
IIIe vanes 30. Tlte 111nC1' diameter supply region ~l3 suppllcs air to cool
the Inner liner 3?) the rmor fit) (I~ICi. '') and tllc vanes 3(). [033] A
portion of this air in the supply regions 4?, ~43 also supplies air to the
apertures C?) 6~l and, if present, dilution holes C6. In this way, this
additional all Is emitted Into tltc combustion zone 36 via a plurality of
circurnferentlally disposed apertures 6?, 6~I located In the inner and
outer liners 32) 3~1, respectively. Tlte apertures C?, <<I arc employed tct
supply additional air (air jets) to complete combustion anti cstabllsh a
tolerable maximum temperature level at the downstream end 28 of the
combustion chamhcl ?~I. [034] nn alternative embodiment of the present
invention incllulcs the addltlon of a dillltlon hole CMG within the inner
liner 32 its ShoWll Ill CIO. :~. Dllutlcon h~lc Cll sllpplles addltlonal mr
proximate to the downstream end 28 of the comhllstion chamber ?=l to
c~mllet~ colnL~usmon and cstahllsh a tolerable maximum temperature level al
the downstream end ?R of the CO111111ISt1011 (:Itallll)cl' 2~I. It is noted
that sonic ol~ tltls air may Flow tltlullglt ;nl~lvtmn,vl apertures (not
shown) located in the inner and outer liners 3'?, 3=I to further cool the
inner and outer liners 3?) 34 and assist In the comhustlon process. [035]
Referring now to FIGS. 3, 5, and ti, the preferred pattern of apertures
C~?, 6-I wlthln the inner and outer liners 3?) 34 relallve to the each of
the fuel Injectors 73 (I~IG. ?) will now he dctallcd. IIG. 5 shows a
partial al-t mew of tllc comhtlstlcln chalnhcr?-I t;il;cn alone >~-~os~
cllrectlon 5-i of I~IC~. i. 11G. G is a harti;ll lop plan view of Ihc
comlmsW ~n :ylal.llus ~-I I l~l( i. -I I,rl.m ;11o1!.; U-O ul~ l~lCi. 5.
[1l3(] ll can he seen I~IC>m 1~IG. G) tlmO aperture: G-l is posltroncd
~yncmlly cl()11'IlSll'1:11111 (11 away from the bullhead ~I8 relallvc to
the apedre G'?. l Iowever, rt Is unelcrstoiol by phase skilled in the art
and within the scope of this invention, that the aperture ~~-l may he
hosltmne~l more upstream than aperture G2 based on the specifics of the
combustor 1=I (P1G. `_') clesrgn. (037] The pattern of the apertures G2) G4
within the inner and orlter Ilners 3?, ~i-l) respectively, for the
combustor l~l (FIG. ?) will now lie described. It Is preferred that the
inner liner 32 has a circumferential row of apertures G2 and that the outer
llncr 3-l has a circumferential row of apertures G4. Further, and as shown
in IaIGS. 5 and 6, the apertures 6-l are circumferentiully positioned
within the outer liner 34 such that there Is only one aperture G~l between
each of the Duel injectors 73. Similarly, the apertures G? urc
crrcumfcrcntlally posilloncd wlllrin the inner liner ~i2 such that there Is
only one aperture G? belwecn each ol' the adjacent fuel injectors 73. In
other words, the aperture G4 is posltroned to one side 7G (FIG. 6) of the
axis A" while the aperture G2 is positioned to an opposing side 7-I (F1G.
G) of the axis A [038] The preferred pattern of the apertures G?, G~I will
now he Further dcscrlhcd. A lacllal axis, A~, extends through the center of
each of the apertures G~l us shown In FIG. >. Slmllal ly, a radial axis,
A~, extencJs through the center of each of the apertures G3. The
circumferential or arc spacing between culjncent apertures C~l along the
outer Irner 3~l is S". The .11'c spacing, 5~,, is measured from the
centerline, A~, of each aperture 6~l to the centcrllne A, of each adjacent
aperture G~l. Similarly) the circumferentlal or arc spacing between
adfacent apertures G? positioned witllin the inner liner 32 is S,. The arc
spacing S, is measured from the centerline, A~, of each aperture G2 to the
centerline) A,, of each adjacent apertrlre G?. The SIIhS(:rlpl i I'cfcr's
I11 (11c InC'.alll)n i11 the 11111C1' 11111:r 3~ Itll~l (Ilk'. ~trl)~rr
111l 11 r l'.Il~l'~ l~) tll~ Illl:;ltl~fll in the outer Ilner 3~1. The
radial distance from the engine; ccntcrllnc) A~, to the Inner and outer
liners 32, 3~I, is dcflned as radii R, and R", respectlvcly. [(l39] Since
tltcrc is one aperlurc G~l I~cn' every fuel in.lcctor 73 hosUion~cl wltlrln
ll~~ ~~hcnip~ 5=I (T'IG. ~l), the preferred arc spacing) S", between
acl~ucent poertmus G=l Is cluf'mecl as j?~R"j/N where N Is the number of
fuel lyectol;s 7.i. I.Il:ewlsc) since thcr~ Is one ;Ilermru F-sos~ f;   C?
l~ol cvely fuel Injcctol 73, tire lrcl~c:lrecl arc spacing, S~, I~eOvcmo
mlprmU y~~rmlw O_' ns cleliltecl as j~nls,j/N. I~Inully, rite ltlclcrrcd
;Ire slr,icing I~cm~:mn ;ull;lcc:nl Ilu:l ml~cmls 7a , cn rite Inlerlor
slacin~~, SN, iv dclincd as (?~RNj/N wltcre: RN is the radial ~Itstnnr~
Inc>m ;1~ m :y,, as shown In IIG. >. Most preferably, the arc spacing, S",
hclwccn acllaccnt y~~rtules (?) (~-I ns cqtlal to appioximalcly nl~out
one-half the inlcclol slraelng) S~~ ~11u~, most lul~cll~ly, the ;Ilc 



spacing, S" between adjacent apertures <?, C~l, from the center axis, A"
c>f each fuel in,lec:tor 73 is equal to approximately about one-quarter the
injector sh;lcm;~, Sn. Tlte arc spacing 5... S, Is measurecl along an arc,
80) Ihat passes throul;h lire centers f;? of Ills ohcmngs S-1. The pattern
of apertures 62, G4, as clcscribed hereinabovc, results in a hencficial
noll-llnlfol'nl flow distribution of the air,jets emittccl from the
aperlurcs (~?, C~l that recltlccs the heal: temperatures within the
combustion zone 3G (PIG. 3) and hrovidcs an C1111t111Ce(l, uniform e~:it
lcmperature distribution. [0-10] It is noted that the path tl~llt the
fuel/~til' tnixttll'c tl'~IVCIs wltl~ln Ihc co111llllstlon clmllmr ?~I is
not resll ictucl I~y rite air jets, due to lire ale; shacint S," I~ulwc~n
each apci taro 6? and each aperture 64. This itl'c SpaClng 1'eSlIltS In
Incl'cilSed residence 11111C of the f-uel/alr mixture (spray). The
reslclence time is the time from when the Duel Is emitted from the fuel
110ZZIC LInIII it reaches the combustion jets emitted from the apcrtulcs
6?, C-1. [041] 1t is also noted that the shape of the combustion zone 36,
the axial location of the apertures 62, C~I) anti the relative pressure
drops within the supply rcgicms -1?, ~13, all contribute to determine which
of the air jets emitted from the respective apertures (?) C=4 traverse the
combustion chamber 2~ first. The hot gases From the upstream end ?< ol'
rite comhustor tend to wrap around the air,jct Ihal penelratcs first,
farther iitclcasing rite C01111)LISIIUn temperature and creating a hotter
zone 111 the CIOV1'llStI~C~lm and ?S In Ilne with the respective air,jct.
1t is understood by those skilled in the art that tile apcrtule that w111
Inject stir first into combustion cl~amher 2~> is a function of the
comlnlstlcln chamber cl~sn~n anti the prcsslirc clislrll>Illion willon Iltc
comlnlslion scclion I~I (I~I(~. ?). 'l'Itlls, m leclllcc tlo:
Il'.11117e1':I1111'CS In ibis hot zone, il is preferred that rite air_Ict
I~l'()Ill lire aperttllc that penetratc:5 first, in_jccts more cooling air
lhail the air let I~lonl the aperture that hcnctratcs later. Unc way to
accomplish the injection of more coolinb air from an aperture is tc) Inrre;
iSe Its area. ~'Ims, tn the preferred embodiment and Dosed on the comhuslor
design anti testing, the ahel lure (~-1 In,lects first and therefore has a
greater area than shat for the ahcrture (~? 'liras, the air Ict From the
aperture C~l adds a relatively large amcnint of cooling air mne~ rite
comlmsm~n Iv-FOS7 ~)   clmml~cl ?-l that tr,lvclscs Ilte comhusllon
cltalol~~r ?-I ;lad sltl,ush~s ctnlcl 111c llmr linen s? whlcll
aclvmtla5consly Icclllc:rs 111c average tcyoclnlm~ Itcar Iltc Innui
dmnn~tcr ol' 111c mmn. '1'11r mlllc:liun ul' Iltc Icmpcrallllus near IIIL
11111l'1 cII~IIItLIeI (11'111l: rolcll Is n l~lurmol 1 nlmo~ rcdulrcmcnllin
order t0 11111111111G1; high bus Icmpcraturcs to thu (lll'hllll: WII1~'S
Clt)\V115ll~clm a the combustion chamber 2~E. [042] Thus, it is understood
by those skilled in the art and within the scope of this Invention that
tile areas of the apertures G2, G~> are sized based on IItC SpeCIfIC;
C:olllhllSl(11' clcsi~n and the turbine reduirements. [043] Preferably, and
11S SholNn 111 PIGS. 5 and G, the apertures G?, G=1 ~trc elllhtrcal In
sh~lpe. )rich of the apertures G2, G4 has a major axis, I_,) I~~"
respectively, that is Illon~T the lnllgllllCllllal axis of the combustor 14
(P1G. 2) and a minor axis, D,, D") respectively, that Is perpendicular to
the longitudinal axis of the comhustor la (P1G. ?). Once again, subscript i
ruf~ols tc> 111c (clcaliclll in 111c; inner liner ~2 and 111e sulc:lillt o
Icl~~rs tct 111e: Ictcallcln In 111c ulltcr liner 3~1. I lowever, it is
noted and within the scope of this invention shat the apertures 6?, 6~1 may
also have various geometric configurations such as, for example) circular
shapes G3, Gi (PIGS. GA and G13). Preferably, the ratios of S,/D, and S"/D"
are each approximately about greater than four, and most preferably
approximately about ~l. 1-Iowever, it is within the scope of this invention
and understood by one skilled in lhc al'l that 111e 1'illlOS of S,/D, and
S,,/D" call vary depending on the specific combustor thermal and
nlCCha111caI design. [044] Referring now to hIG. 7> the advantage of the.
features of 111c apertures G?, C-1 discussed hereinahove will he discussed
below in the context of the operation of the comhustor 14 (hIG.?). PIG. 7
shows a pal'tlal fl'ollt cross sectional view tal:cn alone 7-7 cU>:IG. 3 of
the comhuslion chamber 2~l (f IG. 3) sIl(7N'lllg the CILVCI()l)IllCnl of~
Ihc f'nel spray, l:) and IIS 111tC1'aCtl(111 VJltll 111c alr.lcts. The mew
is takon cl~wnUrcum ol~ the apertures G?, G-1. [II=~5~ to develclping the
exit temperulure pattern, the hctt C0111I7lIStl()11 gases fmln the vector
7a (I~IG. 3) will re~uls~rly favor one side of the comlmstion cllamhcr ?~I
c>vrr the poposin~ side, thus making shat side burn holler. It is known and
unclerst~ocl by III~Se sklllecl in the art and within the scope of this
invention that lhe,lct Flow From the apcrlures (1?, G-I can h~ sl~~cl by
designing the area of the apertures G?, G~4 to shill the Flow frclm Ihc
vool~r side to the hotter side as the c:omhllstlon operations dictate.
h-g07 1 (l   [()-1(1l ,~11()IIIW ('unsWltICn('l: 1)I' 11t1'. IC~Iltllls 1)I
l111 1)IC`;clll IIIVelllll)11 :111C:1(1y lll~('llSli:(I :111l1 sllc)\vlt in
fIC. 7, Is that lire all pl elllllll:(l 11'(1111 c:1('11 al)CIIIIIC G?
(1()eS 11()I (II IC(:tly c)pl)l)5~ the mr~et cmittinb from caclt
corresponding apeltlllc 6-I I~()r:l biven fuel inl(:c:tol 73 (1;1C1. -l).
:1~ a conseduence of the axial positioning and the ratios S,/D, and S"/D"
of the apcltlll(a G?, (~-l, the all.lets emitted from the apertures (~?,
C~l enter into 111C Collll)llStl(7n Ch~lllll)C1' ?-1 un(I shlclsll or
impinge onto the opposing inner wall of the outer and inner liners 3.I) 3?)
respectively. This provides full penellation of the air jets into the
combustion chamhcl ?=1. As sho\vlt 11t rIG. 7, the positioning and
configuration of the apertures C2, 6~1 provide complete cover:y~e of the
inner 1111C1 outer liners 32, 34 thereby helping cool Ihc Inner and outer
liners 3?, 3-1. [11=17] further) the air jets emitted from the apertures
C2, ~=! 1)rcferU)ly enter the combustion chamber 2~ in a direction shat
opposes that of the rolalion of the fuel/all mlxtulc (:n-lllted from the
111c1 injector 73. 'T'his `counter rotation' het\veen the splay emitted
I-ram Ilt~eclor 73 :1n(1 111u :111 .1(:1s cinittc(i fl()In rite apellulcs
(~?, <<I clllal:cv mixinb ()I~ 111c alr.l~ls w1(11 111c I~ucl/:nl mixture
thus providing a more uniform temperature distlihution in lire combustion
chamhcl 2=1. In this way, the lpertures 62) 6~1 act as airfoils (vanes) in
that the :ur~ets emitted therefrom turn in upon entering the combustion
chamber ?4 in a dllectlon shat opposes the combustion gases. As discussed
previously, the sWirlel 7l plefelahly Impairs a countelclocl:wise lain to
the fuel/ail mixture while the air.jets from the respective apeltules ()?,
C-1 preferably imparts a clockwise turn to the air.lets emitted lhelcftom.
That is to say, the ail jets turn in clockwise upon Interaction with the
counter-clock\~~ise splay amt consequently, w1':117 around the splay (fuel
cone) providing an enhance(! mixing el)vil'~1)ment. '1'1)1s assists In the
avoidance of hot streak formation in the inner and outer liners 3?, ~i~l. 



[()~!R] Referring hack to P1G. 5, it 15 1117C1Ct'Slo(7d 1)y those skilled
In the art and \vllhln rite sC(ll)e O1-11115 111VCIttloll lltal (11C
1)Iilce111C11t (71~ 111C apCl-fill-CS ()~, ()=1 \Vltltllt ll)C 1'CSpCCIIVC
IllnCl' and curler lincl:v 3?) 3=I (Icl)cnelwl7()n tile Ic)lation c)f lit(:
Duel all ail (111e lc) tile s\vll lei 71. hn example, I~IG. 5 depicts the
swirl 55 From Iltc (7pcning S~l t~ he anlicyclonic ((;ountclclc)ck\vise)
\vllen vieWe(l in the dilecllon ~l-~l of rlG. 3. TIICi'CI'()IC,
:Ipel-111l-CS (~?, ()=1 :Ire apploplialely displaced in the axial an(l
cilcumfclcntial dilcclic)ns Iclativc to the c)pcnlng ~-l so that the
angular momentum imparted by the respective air-lets onto the wol hin~~
Conll)llsllnll gases Wllltllt rite L:o111171IS11()11 Ch:lltll)CI-~=1 IS IIl
Ilte ()1)p(7SIIC IIII'CCllc)II (C'.1()C:h\1'ISi;~ h-sos7   of that of lhc
swll'I 55. 'J'Ircrcforc, one can c:hculsc llm c -lrnl;lllcrn ol~ III swn I
m I~~ ul~l'nsm Icy Illr crrlrrlt:llic~l~ rrl' Il~c ;lll ,lets tee plervldc:
.l ~.~~r~r~rlly ~~cllrrv~rl~nt ;r~:rr~rlyr~;rrnr~ c.r>ir~lrtin. [0-Il]
Refcrrin5 novv to DIGS. 7 and h, yet anWl~cl a~lv.mln:~i: of thu pc~cnl
mvcnm~n ns shown. )rIG. 8 is a parllal front vices of the comhusUc~n
apparatus ?~I of f~lC~. s. [0S0] As shown !n h'lG. 8, the alr,jets emitted
From the 1111C1-llll'CS G?, (~-l Is of ,I cluanmy amt corresponding
velocity such that the cool air of the air jets is placed In the path of
the hot air lsSUl)lg from the swirler 7l. In other words, the net effect of
the apertures lr?, 6=l !s to create a volume of cool gases directly in line
with Ihc Irot gases generated at the upstream end ~C of the combustion
chamber 2~. Thus, mixing is promoted, hot streaks ale eliminated and
additional cooling is provided to the inner and outer liners 32, 34. [051]
Also, since the airjets traverse the combustion gas path) as prevlotlsly
clescrlhcd Ircrcin, Ilrc Flaw of tllc I'ucl/air mixture is rcsll Irt~d Icy
lllc ail ,jets ol' tlm y~crlrlcs (r?, O-I. This restriction has the effect
of increasing the velocity of the cross flow of the comhustron gases that
travels from the upstream end 26 of the combustion chamber ?~4 to the
downstream encl 28. I-lowever, since there is only one aperture 6?, C4 per
one side of the fuel injector 73 (hIG. 3)) the air jets that traverse the
combustion gas bath are not lnlpCll~d fl-(1I11 (IOlllg so despite the
increase in velocity of the cross flow. It Is noted that the preferred
aperture pattel7~s permits this balance between the duantlly of cool air
necessary to travel se tllc combustion gas path and the acceleration of the
cross blow that n7rlsl he Overcome by the air jets in order to traverse the
combustion gas path. [052] As previously noted, the apertures C2) Col are
preferably elllptlcal shaped. AS em Ilcr pointed out in rcfcrcncc to IiIG.
C, Ihc major arcs l., and L" are along Ihc lcmg,ltrldinal axis of the
comhustor I~l (rlG. 2). elliptically shaped apertures provide enhancecf
penctratlon of the air,jcts into l11('. Cc1I111)rlSllr)11 clrtlml~cc 2~I
slllcr tllc cross scrtion,ll sll'cr~~tlr is ~~I~~;ltrl ;rlrrlr~; tllr
respective major axes. Also, the conical flow From the fuel ln,jcclor 73
(I~IC1. 3) and the sl~ahc of the air,jcl cross section (l;n(IS tc~ impart
lil~l to the air,jcls. 'f los effect results In lhc air lets twisting
norlrlal to lls original orientation, arrows C (I~IG. 7), as it splashes
onto the opposing liner wall resulting in an enhanced uniform dislrihutlon
of.jet Flow along tllc respective Ilner wall. h-80F7 I   (I);y i I~ortl~rr
aclvaut;t~~~ ul~ 111c: 1)rcsc:nt IIIV~lllmll Is ;115c1 slmwl In I~I~~ S 'I
Im Im~l Ilrnm:s 7.; (Ivl(i. .i) mu I)I~I~cr;ll~ly ~II(~scn sn Illal 111c11
taut dl5ltllnll 111 m,n~llus w1111 Ilm ;lit .I~la ul tllc nl7~lltll~s O?)
O-I. III cllltcl words, Illr I~o~rilrll c>i tltc: shay, I', rul,l(vc to the
mU,ll let wldlh us ilcl~lnc(I by the Icspcclivc n7tnc)r axca of apcrltlrcs
(I?, O-!, Is c)l7Uml~cd to Impmv mixing. Tllat is 1c7 say, prcl~~ral)ly)
the lespectlvc minor axes D, and D" of ;Ipcrtulcs G?, O-t full within the
footprint of the spray, (~ as shown In t-~IG. F. [0S4] Referring now bacl:
to rIG. 3, it is also within the scope of thls Invcntton, that if the
simultaneous reduirements of Deal: ten7perature reduction and uniform
temperature profile at the exit plane can not be optimized 17y the
adjustment of flow between aper lttrcs G?, 6-l, then one or more dilution
apertures 66 can 17e employed in the inner and outcl Illlcls ~?, 3-1. (055]
The dilution hole CC n7ay he employed, preferably in the inner liner 3?, to
i~acllitate a reduction In the average temperature at a zero percent span
of IIIC C()n )IUSlll7n Chall)bel' ?-t exit (laclial dllccllon). 'fltc zC1'u
percent sl);ul I~l)r 111c: exit plane is lwatc(I al tlm llt)lvnstleant
e11(1 ~8 Oi~ the C;On7bllsllOn clltlml7el' ~4, l71'OXI171a1e t0 the Inllel'
Ilnel' ~~. Thtll 1S t0 Stly, 111e average temperature near the inner liner
32 proximate to zero Percent span !s reduced. It is within the scope of
this invention and understood by (hose sl:illcd in the art, 111a( the
lllllllbtl' and placement of the dilution hole 66 is based on a reduction
of the 1c:1711)CI'allll'C at zero percent span. This alternative
embodiment, when used wlth the apcrtllrcs G?) ~~4) provides enhanced
flexibility to reduce the average temperature prattle In the combustion
chamber at zero percent shun. (O5~] )~IG. 9 demonstrates the results of an
actual 1u111 11111)11I;11' ng tell Ihat cc)mparcs the maximum clad average
temperature profiles versus the percent span tllonv~ the cxlt plane of Ills
combustion chamber ?~I for loth the configuration, as tauglll by Ihts
Invcnllcln, and the cc)nvcntional 1)rior art configurallon. '1'hc pric)r
art cc)nfit;ltratlc)n, sllclwn Incvn)wly tn 1'I(1 1, C()1151515 ()f fits(
;Ind second mws')~, 9R elf apcrlllrcs c)? Ic)r;llccl In r;mh ol~ tlt~ tnncr
alld miner tillers, 32, 3~1, Icspcctlvely. 'I'hc apertures 9? may have
various dlamctcrs and are I~c;ltecl In the outer tend inner liners such
that they al'e syn ln7etl'I(:al with respect tcl an apertllrc')-t through
which the fuel nozzle (not shown) is placed. Curves F~l and R<~ rcplc5cnt
the maximum anCl average teml7Crttture l7rOI~IICS, Icsl7Crttvtly i`(Ir
Iltl. prlllr art Wllll~l~_'OrUlc)n. Cllrvcs iS and 90 1'cl)I'CSelll (lie
nl;IXllllllnl and ;I VI:I'tlJl: l(`.It)1)l:l;ltlll~l' !)I(1111(~S,
t(.~,I)~~~tl~~~ly Ill 



the invention disclosccl herein w111) elliptically shaped apcrtllrc5 ~s Is
~vnlunl from I~IC~.'l, r-so~~ l~   tltc invention dISC;II)5C(I ItI:I-C111
SIIO~'VS an ;ulvanl;ltiruus Icclmlioo In I~c~nll I11;IX11tt11111 ;Incl
avcra!~~ Icmpclaluic profiles ;Il lltc exit Itlalic. [057] Referring hack
to FTGS. 2 and 3, the cctmlmstl(711 CltaItlhCl' ?~l cllscussccl heremahctve
provides for i1 COIIIbLIStIOn apparatus 24 for a gas turbine engine 10 with
enhanced mixing of the combustion gases within the combustion chamber ?4.
The air jets emitted 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 ltot streaks, and the enhanced mixing of
the fuel/air mixture. This is made possible by the aperture pattern that
1'e5111 IS 111 1 ltOllllnlf0l'nl 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 6?, 6=l, 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 uniform temperature distribution at the downstream end 28
of the combustor 14 (FTC. ?). The features of the present IllVellllolt
further provide an operational cnvlronntcnt Ihat cnllanccs the durability
for the first stage turbine vane 30 and rotor 20. Finally, in the
prep-erred embodiment, the apertures G2, 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 ?=l and splash onto the
opposing outer and inner liners, 6~1, 62, respectively, eliminating hot
streaks and further cooling the inner and outer liners 32, 34. [058] While
the invention has been described wish reference to a preferred embodiment,
It will be understood by those skilled in the art that various changes may
be made and edllivalents may be substituted for elements thereof' without
departing front the scope of the invention. In addition, many modifications
may he made to adapt a particular situation or material to the teachings of
the invention without departing from the essential scope thereof.
Therefore, it is intended that the invention not he limited to the
particular embodiment disclosccl its the Itcst mode contcmplatecf for
C.li'I'ylll~ out tltc invention) Illll 111.1l the IItVCllll(lll will
include all embodiments lulling within the scope of the appended claims.
r-sos~ 1   ~~C Cla1171: I . f~ has t111'1)1 lll'. l:(11171)llStl()II
al7l)al iltll5 C()llll)I'15111~ i117 alllllllal' C;oIl7blIStl(117
l:l1i11711)C1' IlilVll7~ i111 llpStl'l;illll Cl7ll, SalCl alllllllill
C:U1711)llStll117 C17a171be1' 117C1lICllllg: i117 117ne1' liner) d11(1 an
outer liner coaxiully disposed relative to each other, Bald 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 ii 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) 111e air exhausted into said
combustion zone; anti a plurality of second apertures disposed
circumfereniially in said outer' liner 1l7 a17 upstream region Ihereof for
entry of air, Ihc air exhausted into said comhusllon zone; each of said
first apertures being angularly offset in a circumfcrentlal direction 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 of each of said
plurality of fuel injectors. 2. The apparatus of claim 1, wherein the ail'
exhausted from said plurality of first apertures and said plurality of
second apcl-tures ol)poses said direction ~f swirl of the fuel and ail'
mixture and the ail- exhausted from said plurality of first apertures
impinges onto Bald outer liner' and the ail' exhausted from said plurality
of second apertures iml)inges onto sold inner liner'. 3. rfhc apparatus of
claim 2, wherein said I)lurality of first apertures Is pr~ximiltc said
llpslreilm end and said plurality of second ill)crlllrcs clisl7osc~l
dclwnslrcam elf sold plurality elf first apertures. 4. The apparatus of
claim 1, wherein each of said first and second apertures have a CII'Clllal'
CI'oSS SEC11017. r-sos~ 15   S. '1'11c alrn,ltns cll c-1;1111 I, wllurc:iil
slid ;iiliiiil;ir comlmsW >n clmnnlm Imwp~ n longitudinal axis and said
hlliralily of Inrst and sccc>nd ;ipcrlurcs Iwvc clllhtlc;il cross wcUuns
with major axes, said m;l-jor axes are disposed genei;llly along SaICI
1011~111ICIIniII axis of said illllllllal- C0117h11st1011 (;ha117he1-. 



6. The apparatus of claim 1, 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
claim l, 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 clillltic~n apc:rlllrc. 9. The apparatus of
claim 8, wherein said annular combustion chamber Includes a downstream end
and said dilution apellure is located within said inner liner proximate to
said downstream end. 10. The apparatus of claim 5, wherein said apertures
of said plurality ol- I-first apertures having equal circumferential
spacing therehetween and said apertures of said 1)1t11-ality of second
apertures having equal circumferential spacing therehetween. I L. The
apparatus of Clalnl 10, wherein said plurality of first apertures each
havlnb a first minor axis and the ratio of the circumferential spacing of
said plurality of first apertures to the length of the first 17111101' axis
is greater than or equal to about four, and Bald plurality of second
apertures each having a second minor- axis anti the ratio of the
circiimfcrcntlal spacing ol'said plurality ol'sccond apertures to the
Icngth c>I-the second first minor axis is greener than Or equal to flhOUt
fOlll~. 12. The apparatus of claim C) wherein each ~f saiii CI'C)sS
SCCII(lllal area f said plurality of first apertures Is smaller than each
of said cross sectional aica ol~ s;111 lliiiality of 5cc:c~ncl apcrtllrcs.
r-sos~ I ~~ .A&@Y.A9y.A&.ALf.A`[.A.A&l.A&nl.AL[l.A&.A9nl.AH.A&.A.A.A9Y#| X
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