VENTURI COOLI NG SYSTEM Technical Field [00011The present inventtion
relates to conbustors that may be used in conbustion turbines. Mre
specifically, the present invention relates to a systemfor cooling
the venturi throat region between the prinmary and secondary
conbusti on chanbers. Back2round [0002] Gas turbines play a
significant role in a nunber of applications, such as aircraft
propul si on, marine propul sion, power generation and driving
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conpressor for cooling various cordsgkgraundomponents, including the

conmbustion |i ner
[0002] Gas turbines play a significant role in a number of applications, such as aircraft

propulsion, marine propulsion, power generation and driving processes, such as pumps and
compressors. Typically, a gas turbine includes a compressor, a combustor and a turbine. In
operation, air is fed into the system where it is compressed by the compressor and mixed with
fuel in the combustor. The compressed air and fuel mixture are then burned within the
combustor to cause an expansion of the air flow, which is responsible for driving the turbine.
[0003] Combustion liners define the interior volume of the combustor and serve to protect
the combustor casing and remaining engine parts from the extreme temperatures present within
the combustor. In order to reduce NOy emissions and extend the longevity of engine
components, it is desirable to use a portion of the compressed air exiting the compressor for
cooling various combustor components, including the combustion liner.

[0004] Combustion liners often include a venturi throat region that is used to influence the
flame location within the combustor and to stabilize the combustion flame. In such
arrangements, a lowering of the NO, emissions is achieved by lowering peak flame temperatures
through the burning of a lean, uniform mixture of fuel and air. Uniformity is typically achieved
by pre-mixing fuel and air in the combustor upstream of the venturi and then firing the mixture

downstream of the edge or apex of the venturi into the secondary combustion chamber. The



[ 00041Conbustion liners often include a venturi®* throat region that is
used to influence the flane [ocation within the conbustor and to
stabilize the conbustion flanme. In such arrangenents, a |owering of
the NO enmissions is achieved by | owering peak flame tenperatures

t hrough the burning of a lean, uniformm xture of fuel and air.
Uniformty is typically achieved by pre-mxing fuel and air in the
conbustor upstream of the venturi and then firing the m xture
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upstream of the venturi,

{0006} It has been determined that the heat load on the upstream and downstream sides of the
venturi are different and the dumping of cooling air near the venturi on either side has an effect
on the operation of the combustor, In the prior designs, where the cooling of both sides of the
venturi are linked, there has not been a balancing of the heat pickup within the venturi walls nor
has there been an accommodation made for pressure drop within the cooling passageway.

Summary of the Invention

[0007] A combustor is provided for a gas turbine engine of the type having a nozzle
assembly located at a first end of the combustor and a combustion chamber defined at a second
end of the combustor, downstream of the nozzle. A venturi is positioned between the nozzle and

the combustion chamber. The venturi defines a transition between the first end of the combustor



100071A conbustor is provided for a gas turbine engine of the type
havi ng a nozzle assenbly located at a first end of the conmbustor and
a conbusti on chanber defined at a second end of the conbustor
downstream of the nozzle. A venturi is positioned between the nozzle
and the conbustion chanber. The venturi defines a transition between
the first end of the conbustor and the second end of the conmbustor.
The venturi includes a passageway therein for receipt of a cooling
air flow ,The passage h a first side facing the nozzle_and a
second <A EETEnY AETE SABBISINo FE FraREERCIUGES 2 GhisperSeR dhetiin fog drepiBkofas
directed ipto the passageway with the flowinlet being in .
comuni c®P IW‘KAﬁ?‘ﬁ EE‘E PAssasevey hase figp dide deciipdhe nersls ape asprond eide ficing the
passageway. The venturi passageway directs conpressed air fromthe
sour ce |§PMbERiea;chambery ot COTBRIESSA &l ispurehis djrssiedfto thenassageviay witly the (e
inthe first side and second side of the passageway are in opposite
di r ect i oflst b§inposommynieaien vabthoth theflirstiand iseppad sidehohthy ventati pdssageway.
secondary passageway that extends upstream of the second side of the
vent uri ﬁm@atgéwavagelﬂwtdheqts, cantpwesawsioht fiem tHesourice neappasilg directipns withio thed
closer to the nozzle or closer to the upstream side of the ventur
apex. BrveefuriDews,ithe hioflowf intthefifst sivé argissecond side of the passageway are in opposite

directions.

[0008] A further aspect of the invention may include a secondary passageway that extends
upstream of the second side of the venturi passageway. Further, the cooling flow inlet may be
positioned closer to the nozzle or closer to the upstream side of the venturi apex.

Brief Description of the Drawings

[0009] In the drawings, there is illustrated a number of embodiments which are presently
preferred.

[0010] Fig. 1 shows a simplified cross-section of a gas turbine combustion system
incorporating an embodiment of the present invention.

[0011] Fig. 2 is a partia] cross-sectional view of the venturi throat region of the combustion
system illustrated in Fig. 1.

[0012]  Fig. 3 is a partial cross-sectional view of a further embodiment of a ventﬁri system for
use in a combustion system.

[0013]  Fig. 4 is a partial cross-sectional view of still a further embodiment of a venturi

system for use in a combustion system,



[0009] In the drawings, there is illustrated a nunber of enbodi nents
whi ch are presently preferred. [0010]Fig. 1 shows a sinplified
cross-section of a gas turbine conbustion systemincorporating an
enbodi ment of the present invention. [0011]Fig. 2 is a partial
cross-sectional view of the venturi throat region of the conbustion
systemillustrated in Fig. 1. [0012]Fig. 3 is a partial
cross-sectional view of a further enbodi nent of a venturi systemfor
use in a conbustion system [O00kkhic§ Defrintiof Partial cross-sectional
view of still a further enbodi nen ri

[0014]  In the drawings, there is shown a graphical representation of a typical combustor and
a number of embodiments of the present invention. The combustor is generally designated by
the numeral 10 and is contemplated to be incorporated into a gas turbine (not shown). In Fig. I,
the combustor 10 includes a combustion liner 12 that is at least partially surrounded by a heat
shield or flow sleeve 14. Compressed air is provided from an upstream compressor (not shown)
and fed into a surrounding channel 16 formed between the heat shield 14 and combustion liner
12,

[0015] Within the confines of the combustion liner 12 are provided a plurality of primary
fuel nozzles 18 and a secondary fuel nozzle 20. A combustor flow sleeve 22 is provided
surrounding the secondary fuel nozzle 20, separating the secondary nozzle 20 from the primary
nozzles 18. Fuel 24 is introduced into a controller 26 and fed to the nozzles 18, 20. The area
between the combustion liner 12 and combustor flow sleeve 22 defines an upstream or primary
combustion chamber 28. Downstream of the secondary nozzle 20 is a venturi 30 defining an
annular restriction within the area defined by the combustion liner 12. The venturi 30 includes
an apex 32 that defines a venturi throat portion. The apex 32 is positioned downstream of the
nozzles 18, 20. A downstream or secondary combustion chamber 34 is positioned within the
combustor downstream of the venturi apex 32.

[0016]  In operation, flame can reside on either side of the venturi 30, both in the upstream
combustion chamber 28 and the downstream combustion chamber 34. In a primary operation,
fuel 24 is provided to the primary nozzles 18, with combustion occurring in the upstream
combustion chamber and directed downstream through the venturi throat 32, In a lean-lean

operation, fuel 24 is provided to the primary nozzles 18 as well as to the secondary nozzle 20.



system for use in a conbustion system Detailed Description

[0014] In the drawi ngs, there is shown a graphical representation of a
typi cal conmbustor and a nunber of enbodi nents of the present

i nvention. The conbustor is generally designated by the nuneral 10
and is contenplated to be incorporated into a gas turbine (not

shown). In Fig. 1, the conbustor 10 includes a conbustion liner 12
that is at least partially surrounded by a heat shield or flow sleeve

14. Conpr@smssastichl decing iR bl $16 Apdtfeai RMbURDH [BAADS VEPLESGPEs 1B Yownstream
shown) and fed into a surroundi ng channel 16 forned between the heat

shiel d 140aB6ktieR tRiset 90 Inl A8 ork 2he c[o%%ﬁ]an lﬂé)ﬁoﬂel:}@e &Qﬁ‘f’deﬂ?@dlfgctea Qﬁely

conbustion liner 12 are provided a plurality of primary f nozzl es

18 and a3 Qﬁé)&g&{éﬁiwf Mﬁhle 2 Elei d% n@ GfAaY %ﬂﬁoﬁo%gg\!m% lc&‘ﬁlylﬁtigr? cl%aﬁneber 34,

provi ded surroun e ‘sécon nozz separatlng

secondar y, ddﬁﬂ%kl%é%lfrﬁ 3( tppo%%é't é%){lfﬁg@ﬁg?{iﬁlﬁ with ﬂa%ilegée%%reaﬁeﬁ én the

i ntroduce nto a cont e nozz

area bet h ust.i on e nd ,conbust.or_ fl.ow,sl e A

et nos. ARkl Crtt0R°kafilel 281 g Sl 0 R B e s B Feam
t he secon a_ventur 0 definin

restri ctlg e BB e ifer by BVl il tdﬂam%ﬁ%%gwpbﬁov Fpiben 3 crgtige =
venturi 30 includes an apex.32 fhat def s a vent oat portlon
The. B PmPOmTEDT A Wi e AavResyoT Stambst Tho.

downstre segondary conbustiop chanber 34 is 05|t|oned mnt

the comb B} &@%ﬁ%f@ﬂ?ﬁ@n%@ﬁa B ohjheyendyri 3F Jwisyides oéa@r%&llﬁaﬁthe
flanme can reside on either side of the venturi 30, both in the

upst r eam EBHE BsalR neaddrmbe codlel n aroperopaiipms tdcfandoaenvist of the sawpmeRie AS
34. In a primary operation, fuel 24 is provided to the primary
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well as to the secondary nozzle 20.
upstream and downstream sides of the venturi 30 are contemplated to be different. In addition,

movement of the cooling air back into the combustion chambers on either side of the venturi 30
also has an affect on operation of the combustor 10.

[0018] In Fig. 2, there is shown an enlarged schematic cross-sectional view of one side of the
venturi 30 illustrated in Fig. 1. Compressed air 36 is directed into a plenum 38 on the back side
of the venturi 30. In this embodiment, the inlet plenum 38 is positioned directly behind the apex
32 of the venturi 30. The cooling air directed to the venturi 30 by the inlet plenum is in fluid
communication with two channels 40 and 42 that are generally parallel to a first or upstream side
41 of the venturi 30 and a second or downstream side 43 of the venturi 30. The cooling air 36
directed into the channel 40 is turned in an opposite direction from the cooling air directed into
the channel 42. The air flow through the upstream channel 40 on the upstream side 41 of the

venturi 30 is directed through an upstream exit 44 and into the primary combustion chamber 28.



Conmbustion occurs in both the upstream conbusti on chanber 28 as well
as the downstream conbustion chanber 34. In addition, the conbustor
10 may operate with fuel 24 directed solely to the secondary nozzle
20, creating conmbustion in the downstream conbusti on chanber 34.
Addi tional fuel 24 may be provided to the primary nozzles 18 w t hout
flame being created in the upstream conbustion chanber 28. The fuel
and air pre-m x passing through the upstream chanber 28 is directed
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[ 0020] Thus, the venturi defines a transition between the first and
second ends of the conmbustor. The internal passageway within the
venturi includes a first side and a second side on opposite sides of
an apex of the venturi. The cooling inlet for the conpressed air flow
is in fluid conmunication with the first and second sides of the
venturi passageway and the conpressed air fromthe cooling inlet is
directed through the venturi passageway in opposite directions within
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and secondary passageway 248 passes through the exhaust channel 250
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chanber 28 on the upstream side of the venturi [0022] I n the
embodi nefittendh éaprard themupgtream gideaf the combusserand umwsth dless upsireain ghavoe)240,
it is contenplated that inlet plenum 238 nmay conprise sonething other
than a cehacertumuexhgusbtchamebAbll dhe chabined flowhizor the tipgiieam i@ B 24thend
secondary passageway 248 nay be fornmed by a series of pipes that
cross ovscomwpy masmagdvery.24¥ ipases thivagh the eshapitehammel238 ahé soxhinsed aolgh the
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addition, as in all of the enbodi nents discussed herein, the relative
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annular channel. The inlet plenum 238 and secondary passageway 248 may be formed by a
series of pipes that cross over one another. Thus, the inlet plenum 238 feeds the back side of the
venturi 30 after crossing over the series of pipes that form the passageway 248. Repositioning of
the inlet plenum 238 with respect to the axial position of the apex 32 of the venturi 30 may also
be utilized to adjust the cooling effect on the venturi 30. In addition, as in all of the

embodiments discussed herein, the relative size and formation of the channels and passageways



may be varied so as to adjust the air flow and pressure drop of the
cooling air as it noves inside the venturi walls and is then directed
into the conbustion chanbers. [0023] A variety of nodifications to the
enbodi ments described will be apparent to those skilled in the art
upon review of the present disclosure. Thus, the invention may be
enbodied in other specific forns wthout departing fromthe spirit or
essential attributes thereof and, accordingly, reference should be

made to &Q;ebé‘&?%a‘g& gf[ugfsthe 51 h@\? band @@&F}e‘ﬁﬁ@] tﬂt%o%go%gﬁg ag it moves inside
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skilled in the art upon review of the present disclosure, Thus, the invention may be embodied in
other specific forms without departing from the spirit or essential attributes thereof and,
accordingly, reference should be made to the appended claims, rather than to the foregoing

specification, as indicating the scope of the invention.



a venturi positioned within the conbustor and defining a transition
between the first end and the conbustion chanber, the venturi having
an i nternal passageway therein, the internal passageway having a
first portion extending towards the first end and a second portion
ext endi ng towards the conbusti on chanber; a conpressed air
source directed into a cooling inlet, the cooling inlet in fluid
comuni cation with the first and second portions of the internal
passageway, the internal passageway daimgcti ng the conpressed air from
the source in opposite directions along the first portion and second
portion for cooling the venturi; and a secondary passageway
communi Gebatmgclaimedhisa downstream end of the second portion of the

i nternal passageway, wherein the air flow noving through the second
portion of the internal passageway into the secondary passageway is
reversed in direchicomband feh o gae tebing congpridimgt he first end of the
conbustor. 2. The copbust of claiml, further conprising a cooling
air exit position®®% aéﬁ‘?mghd"(@fedtaﬁ%g}sf ?‘EdtOL%BErCPPBHSt%F the internal
passageway for di4 eahbhRGord HRmbe0ldfigd dithini thé Sorhfistok | dowinstesach &f thé Rezzle
conbustor. 3. TEF_conbustor of claim2, wherein the secondary
passageway aRt“PRH& first portion of the internal passageway are each

in fluid comuni cavémit PosithbnbdRieiMOhé BEmBisfor @Xd Hefiningda trdidRion WERMSh (ﬂ%

of claim3 wherein the cooling air exit directs the air flow fromthe
secondary paS&agulan brepmongionchapbydhe yaprohavinganiineaplparsaprisy dbfaciay
into the firgf BRfhaPhadsiiRwaPHRMAL A fﬁrstiJB&'EiBI?_@ﬂ?elein% R a¥ B the! First eng-anlhae

conbustor of claim4, wherein the cooling air exit is positione
upst ream of $%5&nd parden gxEnding fovrds thecapdstipnichamer; The conbust or  of

claim1, further comphtstdgir3okddbfdcddl fRULRRRE iiaNad Qe thid i fluid
venturi and fluidly connecting the first and second portions of the
i nternal pasSagawrgatgn tithithrefisiomgd seeone dortiprs of dheripternal passageway, the internal
passageway directing the compressed air from the source in opposite directions along the
first portion and second portion for cooling the venturi; and
a secondary passageway communicating with a downstream end of the second
portion of the internal passageway, wherein the air flow moving through the second

portion of the internal passageway into the secondary passageway is reversed in direction

and directed towards the first end of the combustor.

2. The combustor of claim 1, further comprising a cooling air exit positioned at an
end of the first portion of the internal passageway for directing the cooling air into the

first end of the combustor.

3. The combustor of claim 2, wherein the secondary passageway and the first
portion of the internal passageway are each in fluid communication with the cooling air

exit.



7. A conbustor for a gas turbine conprising: a nozzle assenbly

| ocated at a first end of the conbustor; a conbustion chamnber
defined within the conbustor, downstream of the nozzle assenbly;

a venturi positioned within the conbustor and defining a transition
between the first end and the conbusti on chanber, the venturi having
an internal passageway therein, the internal passageway having first
and second portions on opposing sides of an apex of the venturi;

a cool i ng inket fBle eonguppr efsdaioh Awhekinghe cedliog @baixitiredtn thetain fov Ifngind

conmuni cati o j I rtd ons ' rnal,
passageuy.  Saergid arcakiey 38 RN RRdr Bt bR ASRE S e g
wi t hin the i atdoitbd copamstay eprirgam of bppeoswui.e directions within the
first and second portions for cooling the venturi; and a
secondary passageway conmuni cating with a downstream end of the
second porti 6n of Theh@nmbotter ofadlaipal shgenatic codtiap airrxit kepaitiondd Wstream of
novi ng throu ortion of the internal passageway into the

h
secondary pag§§%§3ﬁ§%$§9%5§gF?%d in direction and directed towards

the first end of the conmbustor. 8. The conbustor of claim7, wherein
the cooling inlet_co ni cates Wt ither the first or second .

portion of the i nf¥ &t uﬁa%%fa%ﬂéwaly?%ﬁ%eacmismg&rfa%‘f@aw PSFHOPFb D
of the vent ufie Werukti Nintl hBuieRBABESIg the HirstT RBd CREDNAS b&iol of [tRd Mtérnal

wherein the cooling in|let conprises a radial plenum positioned behind
t he vent uri . Passagewdy with the compressed air source,

7. A combustor for a gas turbine comprising:

a nozzle assembly located at a first end of the combustor;

a combustion chamber defined within the combustor, downstream of the nozzle
assembly;

a venturi positioned within the combustor and defining a transition between the
first end and the combustion chamber, the venturi having an internal passageway therein,
the internal passageway having first and second portions on opposing sides of an apex of
the venturi;

a cooling inlet for a compressed air flow, the cooling inlet in fluid communication
with the first and second portions of the internal passageway, and the compressed air
from the cooling inlet is directed within the internal passageway in opposite directions
within the first and second portions for cooling the venturi; and

a secondary passageway communicating with a downstream end of the second
portion of the internal passageway, wherein the air flow moving through the second
portion of the internal passageway into the secondary passageway is reversed in direction

and directed towards the first end of the combustor.
8. The combustor of claim 7, wherein the cooling inlet communicates with either the

first or second portion of the internal passageway at a position offset from the apex of the

venturi within the combustor.
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10. The conbustor of claim7, further conprising a cooling air exit
positioned at an end of the first portion of the internal passageway
for directing the cooling air into the first end of the conbustor.

11. The conbustor of claim 10, wherein the secondary passageway and
the first portion of the passageway are each in fluid conmunication
with the cooling air exit. 12. The conbustor of claim1l, wherein the
cooling air exit directs the air flow fromthe secondary passageway
and the first portion of the internal passageway into the first end

of the c_onbug[ or, éotlﬁb%?tm Qif clgig'l_e',f',v\g"lg]etrel’l'ﬁ e co%ﬁ' g ﬁ‘lle\(%gl%gr's'es \é\nr%] r!llnpleanum
gas turbine Cconmbustor conpri sing: an ups??ean1an 1'sd side P4
downst r eam apglitgohed behdnd theivapek posi ti oned bet ween the upstream and
downst ream si des and a cooling air inlet between angled sides for
supplying cooling air proximate the apex; a first passageway

di recting codl.i ngThe donfbusor dihadaim, dtrttel ooapréing Neveling kik &8¢ posfontd et an

downstream ang| ed, si.de and then reversed in direction upstream .
et eof ©al ongthSh e ot potton of Te Rl e Rub iy ehRB L S5 EOSK g e
ai r from t hefirsnk®l ofaheodgnbukier. upst r eam angl ed si de; and a
cooling discharge directing cooling air fromthe second passageway
into the conbustor, upstream of the apex of the venturi. 14. The

venturi of chai m ik cdobuslof lof GRIMRTI0S Whgreth BRMeEdaf)! SR EXN SN First
radially around the conbustor, within the venturi, and being fluidly
connect ed t oPPHEN pl the passaggwaare A inHuid gemayaication with the cooling air exit.

12. The combustor of claim 1, wherein the cooling air exit directs the air flow from
the secondary passageway and the first portion of the internal passageway into the first

end of the combustor, upstream of the venturi.

13. A venturi within a gas turbine combustor comprising:

an upstream angled side, a downstream angled side, an apex positioned between
the upstream and downstream sides and a cooling air inlet between angled sides for
supplying cooling air proximate the apex;

a first passageway directing cooling air from the inlet along an inner surface of
the downstream angled side and then reversed in direction upstream thereof along a liner;

a second passageway directing cooling air from the inlet along the upstream
angled side; and

a cooling discharge directing cooling air from the second passageway into the

combustor, upstream of the apex of the venturi.
14.  The venturi of claim 13, further comprising a central plenum extending radially

around the combustor, within the venturi, and being fluidly connected to the first and

second passageways.
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15. The venturi of claim 13, wherein the cooling discharge is
posi ti oned upstream of the upstream angl ed side of the venturi.

15.  The venturi of claim 13, wherein the cooling discharge is positioned upstream of

the upstream angled side of the venturi.

12



