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Pl enum Recesses Background of the Invention: 1. Field of the Invention

Thi s i nvewDioomos7el at es t o gas turbine engi nes, and nore speaifsozadody to an
apparatus for reducing nitric oxide (NOx) em ssions and cooling the
conmbustion liner for a can-annular gas turbine conbustion system 2.
Description of Related Art Conmbustion liners are commonly used within the
conmbustion section for nost gas turbine engines. They serve to protect the
conmbust or casi ng ahdwiNOxdlvmbusgioadgnaewithrCoulingeie Plenmme Rycdsseggh oper ati ng
tenperatures by containing the chem cal reaction that occurs between the
fuel and air. Recently, govegwbumisﬁieqﬂvémﬂ;ations have becone of
great concern to both gas turbine manufacturers and operators. O specific
concern is M@t thl iiVehkibfs ©xide (NOx) and its contribution to air
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Recently, government emission regulations have become of great concern to both

gas turbine manufacturers and operators. Of specific concern is emission of nitric oxide
(NOx) and its contribution to air pollution, since utility sites have governmental permits
that restrict allowable amounts of NOx emissions per year. It is therefore desirable to
have engines with lower emission rates, especially NOx, since these engines are allowed
to run longer hours and, as a result, generate more revenue for their operators.

It is well known that NOx formation is a function of flame temperature, air inlet
temperature, residence time, and fuel/air ratio. Lower flame temperature, shorter
residence time, and lower fuel/air ratio have all been found to lower NOx emissions.
Lower flame temperature and lower fuel/air ratios can be achieved by increasing the
amount of air introduced in the combustion process, for a given amount of fuel.

However, due to the high operating temperatures of gas turbines, a significant
portion of the air exiting the engine’s compressor is needed to cool the engine parts to
prevent their premature failure. Since much of the air used for cooling such parts
bypasses the combustor, increases in cooling air demands reduce the air available for
combustion, thereby increasing the fuel/air ratio for a given fuel flow, resulting in a
higher flame temperature that tends to exacerbate NOx emission problems.

What is needed is an apparatus that maximizes the use of available air for



bypasses the conmbustor, increases in cooling air demands reduce the air
avail abl e for conbustion, thereby increasing the fuel/air ratio for a

gi ven fueWwofiBoug79r esulting in a higher flane tenperaturePChAISIY/ENds t o
exacerbate NOx em ssion problens. Wat is needed is an apparatus that

maxi m zes the use of available air for 1 WO 03/008791 PCT/ US02/ 13032
conbustion by using the air originally dedicated only for cooling to | ower
the conbustor's fuel/air ratio, and in turn, |lowering NOx em ssions.
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obj ect of the present invention to provide an aid for assenbly and

di sassenbly of the conbusgy HnaH'QR& dlﬁeegrtpl nte%ygﬁ*&n system According to
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become ARRQLE anstriction. A plenum is utilized to direct cooling air from the venturi into the
premix chamber, which in turn, reduces the level of NOx emissions. Depending on the
size of the combustion liner and its mating hardware, typically a flow sleeve or
heatshield, the size of the air plenum, and hence the amount of air that can be introduced
into the premix chamber, is limited. The invention disclosed in this application helps to
overcome this limitation by introducing a structural insert, or recess, to the air plenum
that aids in assembly of the combustion liner to the mating hardware, when the air
plenum is oversized.

In accordance with these and other objects, which will become apparent

hereinafter, the instant invention will now be described with particular reference to the

accompanying drawings.

Brief Description of Drawings:
Figure 1 is a side elevation, in cross section, of a portion of a typical industrial gas

turbine combustor.

Figure 2 is an isometric view of an improved combustion liner utilizing the
present invention.

Figure 3 is a side elevation, in cross section, of a portion of a combustor in which

the present invention is utilized.



hereinafter, the instant invention will now be described with particul ar
reference to the acconpanying drawings. Brief Description of Draw ngs:
Figure 1 we 0aoed7de el evation, in cross section, of a portipem/usb2/e308ypi cal

i ndustrial gas turbine conbustor. Figure 2 is an isonetric view of an

| nproved conbustion liner utilizing the present invention. Figure 3 is a
side elevation, in cross section, of a portion of a conmbustor in which the
present invention is utilized. 2 WO 03/008791 PCT/ US02/ 13032 Figure 4 is a
front el evati dngured i rdost slevationnin adssacgmmt pHapation of e nbmbtsior inwhidti ch

the presept invention is utilized. Figure 5 is an enlarged view of Figure
4, ilr[: a 33‘68{33 ?&Vgp{}%rhlséﬁlﬂfz%d’oss sec'?i on showing the present invention.

Det ai | ed Descrpigire ®isodn édiergld ofetr b Higafdadin"® KonfReE@dtionNhdt Qodsi @btigh 1. a
typi cal conmbustor 10 is shown. The conbustor includes an outer casing 11,

heat shi elshowingthopresgnéémention. and combustion |iner 13. The fuel system
conponents have been renoved for clarity. Conbustion liner 13 includes two

combustion I'iner 13 TeRRe DecrBRRRTIRS profolted BRASdimeht o position |
various fuel nozzles (not shown), Conpustion liner 13 is held within
sl eeve 12 by Reerngfo fise 182 bRt rormbester Loig shown, fép combustamigclideset of
ety e I ARIES Solfc B LSl S el s ol
i n pl ace systemhéompooaits dizve bddh reRefved fomnglantyw ComPuggiondin?r 18 ipdndgeamto ve
view of %%m lugtlegnnc ta?nbgr% ua%%il%?selpiar%(taé’d b3yoei venturi 16. Also included in combustion

liner 13 is a cap assembly 17, which is used to position various fuel nozzles (not shown).

Combustion liner 13 is held within sleeve 12 by a set of tabs 18, which are fixed to liner

13, and a set of pegs 19 which are fixed to sleeve 12. During installation of the

combustion liner, tabs 18 slide within pegs 19 and hold combustion liner 13 in place

within combustor 10.

Referring now to Figure 2, a perspective view of an alternate combustion liner 30,

which incorporates the present invention, is shown. This combustion liner includes an air

plenum 31 for introducing pre-heated cooling air into the upstream combustion chamber.

This combustion liner also includes a set of tabs 18, cap assembly 33, and a venturi

separating the upstream and downstream combustion chambers (not shown in Fig. 2).

Air plenum 31 also includes multiple recesses 32, which are inset at a reduced diameter

compared to air plenum 31 relative to combustion liner axis A-A. The air plenum and

cooling circuit is shown in more detail in Figure 3, which is a cross section of combustion

liner 30.

Figure 3 shows a detailed cross section of combustion liner 30 installed within

flow sleeve 12. Combustion liner 30 has a set of tabs 18 fixed to it, which slide into a

corresponding set of pegs 19, which are fixed to flow sleeve 12, when the combustion

liner is installed in said flow sleeve. Also shown in this figure is the cap assembly 33 and

venturi 34, which separates the upstream and downstream combustion chambers, 35 and

36, respectively. As discussed in co-pending US Patent Application Nos. 09/664,898 and

09/605,765, assigned to the same assignee as the present invention, cooling air enters the



whi ch i ncorporates the present invention, is shown. This conbustion |iner

I ncl udes an air plenum 31 for introducing pre-heated cooling air into the
upst reamworBet7’Pon chanber. This conbustion liner al so PaElusdzs3082 set of
tabs 18, cap assenbly 33, and a venturi separating the upstream and
downstream conbusti on chanbers (not shown in Fig. 2). Ar plenum 31 also

i ncl udes nultiple recesses 32, which are inset at a reduced di aneter
conpared to air plenum 31 relative to conbustion liner axis A-A. The air
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process [f%ﬁ{(’ﬁlﬁhﬁe t.,ﬁ,q;Fto{,errperature and reduces the fuel to air ratio of

the m xt ts in | ower NOX em'_ssi_ons. .The di aneter of air
pl enum 31 i s |Figueddshbys elfmntviewxf thaicimiastiombndr 3vinsthliss\ie flopegjeeved2, i n

obst acl oo iye fits irRgSrEet sl aees R, BB b o st s e BACTS Bhum
such thatplédin 31 has a greater diameter than the flow sleeve pegs 19. In order to install
combustion liner 30 in flow sleeve 12 without shortening pegs 19, recesses 32 are
incorporated in air plenum 31. This allows the combustion liner to be a common
component interchangeable with a variety of flow sleeves 12 while not compromising the
structural integrity of the support system between the liner tabs 18 and flow sleeve pegs
19.

An enlarged view of this installation interference is shown in Figure 5. The
inclusion of air plenum recesses 32 on this type of combustion liner allows additional air
to flow through the plenum 31 for use in the combustion process. Diameter A of air
plenum 31, as measured from axis A-A, is larger than the radially inner diameter B of
flow sleeve pegs 19, thereby preventing portions of the plenum from sliding past the flow
sleeve pegs 19. However, the use of a recess 32 permits the liner 30 to be installed in the
flow sleeve 12 despite the radial length of flow sleeve pegs 19. The recess 32 is sized
such that diameter C is less than diameter B and width E is greater than width D to allow
adequate clearance for the air plenum 31, and hence combustion liner 30, to pass axially
by flow sleeve pegs 19 when each of the flow sleeve pegs 19 are radially aligned with
one of the recesses 32. The recesses 32 are located circumferentially about the plenum

31 such that when the liner 30 is being installed in the flow sleeve 12, it can be rotated to



conbustion liner 30 with air plenum 31 can slide past the flow sl eeve pegs
19, and fit into position in the conbustor. Figure 4 shows a front view of
t he conbuwODiodnod7dpner 30 installed in flow sl eeve 12, wheP€TIESOY13D32 ar e

| ocated within pegs 19. It can be seen fromthis figure that the air

pl enum 31 has a greater dianeter than the flow sl eeve pegs 19. In order to
install conbustion liner 30 in flow sleeve 12 wi thout shortening pegs 19,
recesses 32 are incorporated in air plenum 31. This allows the conbustion
liner to ab@rtainc;miﬁm at o\dmimaehpf thet idow Ialaﬁ'geemﬁSel%iﬁ aicﬁaby‘aligriedt\yitlobnef dfow
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of this lﬂ&m{h@h@afdra{cerb%ﬁe@mwe pl‘énﬁrh@/lﬂa.ddr‘thglﬂgwsie@e pEEe 19 akce $heon Of
air pI enum recesses 32 on this tti/’pe of combustion liner allows additional

air to filogslesveoRrs Workavpcleatedh B plesumydb the diametarafithe dinen3Grdue &
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portions 1(8fw1tmthemoansleevfelpegengodlmgrtpaslherémédnow sl eeve pegs 19. However,
the use of a rec’iss 32 permts the liner, 30 to be |B(éltalled in the flow

sl eeve 12 des ¢ ithe ipveption hag Reep dscribedning Mhiat ds sogenigs presenthethess 32
is sizedyp %\hﬁ&dlmemt ko fe litder&S& ﬁﬁame%\%ﬁ b s &tq&@e%ﬂ&h th-tHeS
greater than W ow adequate clearance for the air plenum 31,
and hencdlisstosedi stribodinidnh ént, 3@, the ¢optay, Esxmsdnldyd tdygover omrishe exodifpatensl9 when

each of the flow ev e 9 a all ane of .t he
recesses aﬁg a?eélg @5@8 “gﬁmisre ﬁ"é"é\tgf&e g’? ﬂﬁ a&?qu"%{%utcflat“ﬂé' pl enum
31 such that when the liner 30 is being |nstalled in the flow sleeve 12, it
can be rotated to 4 WD 03/008791 PCT/ US02/ 13032 a certain position at

whi ch each of the flow sl eeve pegs 19 is axially aligned with one of the
recesses 32, thereby allowing the liner to slide axially within the flow

sl eeve 12



wi thout any interference between the plenum 31 and the fl ow sl eeve pegs 19.
Once the flow sleeve pegs 19 have cleared the plenum 31, the dianeter of
the |i nerwB®3/ovdtoch is significantly | ess than diameter BCTASoIMII032t he
liner 30 to be rotated to align the liner tabs 18 with the flow sl eeve
pegs 19 for insertion therebetween. Wile the invention has been descri bed
in what is knowmn as presently the preferred enbodinent, it is to be
understood that the invention is not to be limted to the disclosed

enbodi ment but, on the contrary, is intended to cover various nodifications
and equi val ent arrangenents wt hi W%ope of the followng claims. 5 WO
03/ 008791 PCT/ US02/ 13032 CLAI M5 claimis: 1. A conbustion liner
assenbly for use with industrial gas turbine engines conprising: a

subst ant i¥htyV&¢lpink$i i cal outer shell having a shell inlet end and a shell
exit end, and a |l ongitudinal axis defined therethrough, a prem xing

chanmber f or1.miAi engntfusédn dingr adsserhbly afard uselj vaitte indestriial  gése Itirbine! engisesd, a
conmbusti on chanber. | ocat ed bet ween said prem xi ng chanber and said exit
end and in cofRI'&48i on therewith, a plurality of tabs |ocated near said

shel | inlet end fory @stahtily cJindrddall obfee shelhivihg a 3h&10 MIBKSEHAr anded) Shell
plurality of holes spaced around the circunference of said shell for

i ntroduci ng air intaltsendd adep| longitudipal aze ndsifiped dberethsengh, i DM d
Sl e ond Ot o) WG, PPl LTSRS A REY C,
fuel nozzles; a vémbufohstMSdﬂhibyr tevatedi betweern sdid Prémiginy eltinter \and [saklt | east
one venturl exit end and in communication therewith, a plurality of tabs located near

said shell inlet end for positioning said shell within a combustor, and a

plurality of holes spaced around the circumference of said shell for

introducing air into said shell;

a cap assembly positioned within said shell inlet end for regulating the

amount of air introduced into said premixing chamber, said cap assembly

having receptacles for a plurality of fuel nozzles;

a venturi assembly containing a cooling channel with at least one venturi

inlet aperture for permitting cooling air to enter said venturi, and at least

one venturi exit aperture for permitting cooling air to exit said venturi;

a plenum having a radially outer surface, relative to said axis, of larger

diameter than said outer shell and fixed to said outer shell at a first

location between said shell inlet end and said plurality of holes and at a

second location between said at least one venturi exit aperture and said

shell exit end for directing cooling air exiting said at least one venturi exit

aperture into said plurality of holes; and,

a plurality of recesses located along the radially outer surface of said

plenum.

2. The combustion liner of Claim 1 where in said recesses extend the full axial

length of said plenum.



inlet aperture for permtting cooling air to enter said venturi, and at

| east one venturi exit aperture for permtting cooling air to exit said
venturi; wopB@#sIMm having a radially outer surface, relati PETIUSOZ&062 axi s,
of larger diameter than said outer shell and fixed to said outer shell at
a first Ilocation between said shell inlet end and said plurality of holes
and at a second |ocation between said at | east one venturi exit aperture
and said shell exit end for directing cooling air exiting said at | east
one venturi exit aperture into said plurality of holes; and, a plurality

of recesses,l gcat ed .al ong..t he di al,l v, out.er surface of, said, plenum 2.
The. conbust Port T SR UspoLHa R RS Aovhet of Fact & i€ aShndfio sinfs B8 |
axial I ength giallyaligndd Wikihe 6 sMQA RS0 791 PCT/ US02/ 13032 3. The
conmbustion |iner of aim2 where in _each of said conmbustion |iner tabs is

axi al |y al i inelhevgambustien diness af §laigr ésigewhich saiheccessahar pisrumipigatialbf O ai m
2 in which saigg.r i ntially offset fromsaid conbustion
i ner tabs. 5.0(}%%12&%@%%3&%{1%%&{0%%&{&(;Fa?)gCI aim2 in which said air plenum and
recesses aré. Trbeédmmisdon flinemofiedlaim & irs whidhasaid aiit prbumf arsbiredesses are shel | .
6. The conbustjon |iner of i n_which saidégér pl enum ext ends

d ai.m. :
radially out \ﬁé‘?rbcafqd(ﬁﬁr%ﬁ}a&r@ﬁflﬁﬁa‘éf?eqhﬁ?staids‘{“é‘ﬁ lbqual to the r adial l'y
outer most BUITRCEMbustiaR Ifhef QIR O ih 'VAREh 's3S air ;merm? é:?(féH@éJ%&diél i ner
of Caim2 In ich said air plenumis generally trapezol da I n cross
section. 7 outward from said outer shell a distance equal to the radially outer most surface of
said combustion liner tabs.
7. The combustion liner of Claim 2 in which said air plenum is generally trapezoidal

in cross section.



