VENTURI COOLI NG SYSTEM Technical Field [0001] The present invention 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 primary and secondary conbusti on chanbers. Background
[0002] Gas turbines play a significant role in a nunber of applications,
such as aircraft propul sion, marine propul sion, power generation and
driving processes, such as punps and conpressors. Typically, a gas turbine

i ncludes a conpressor, operation, air is fed
into the systemwhere it |%ﬁ§gﬂl‘ﬁq{;%@pr essor and m xed with

fuel in the conmbustor. The conpressed air and fuel m xture are then burned
within the conmbustor to cause akeshmisaldiidd of the air flow, which is
responsi ble for driving the turbine. [0003] Conbustion liners define the
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engi ne conponents, it is desirable to use a portion of the conpressed air
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throat region that is used to inf l%%ﬂgﬁ)ﬁﬁe flame location within the

conbustor and to stabilize the co ane. In such arrangenents a
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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 NOyx 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 NOy 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



by pre-mixing fuel and air in the conbustor upstream of the venturi and then
firing the mxture downstream of the edge or apex of the venturi into the
secondary conbustion chanber. The venturi configuration, by virtue of
accelerating the flow preceding the throat portion, is intended to keep the
flame fromflashing back into the pre-m xing region or primary conbustion
chanber, upstreamof the venturi throat. The flanme hol ding regi on, upstream
of the venturi, is also required to be cool ed under certain operating
conditi . S : n r si des
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cool i ng passageway wi thin the venturl that is extended downstreamfromthe
vent ur | upspeam of thé,vetbiri ek (gt flame heldig region upsiisam pbther vendiyi,df algge
flame holding zone within the secondary conbustion chanber. It is intended
t hat t heqiitaddt boneoled under aertaimopatating canditiventSinde ftanudsicay reside odeadupdeef. US
6, 430, 932 shows a cooling chanber within a venturi that directs the cooling
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venturi. [0006] It has been determ ned that the heat |oad on the upstream
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cooling air near the venturi on either side has an effect on the operatl on

of the m&&ﬁ&sn?{%ﬁogﬁmp‘# or designs, V\/nere the cooling of both sides of

the wventuri are ere has not been a bal anci ng of the heat pickup
within nmod t| made
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downstream from the venturi apex or throat, such that the cooling air does not re-enter the flame
holding zone within the secondary combustion chamber. It is intended that the functions of
flame holding and venturi cooling are decoupled. US 6,430,932 shows a cooling chamber within
a venturi that directs the cooling flow counter to the combustion flow and dumps cooling air
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



[0007] A conbustor is provided for a gas turbine engine of the type having a
nozzle assenbly located at a first end of the conbustor and a conbustion
chanmber defined at a second end of the combustor, 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 conmbustor 2 and
the second end of the conbustor. The venturi includes a passageway therein
for receipt of a cooling air flow The passageway has a first side facing
the nozzl e and a second side facing the conbustion chanber. A conpressed
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comuni cation with both the first and second sides of the venturi
passagewaling aif Rewv ditk \passapassaes wairstdiideciating denmpizels sed aaecontlrsale fadieg dour ce
in opposite directions within the venturi. Thus, the air flowin the first
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further aspect of the invention nay include a secondary passageway t hat
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cooling f nlet may be positioned closer to the nozzle or closer to the
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invention. [0011] Fig. 2 is a partial cross-sectional view of the venturi
t hr oat H&gHYE- of t he conbustion

[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 partial 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 venturi 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.



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 [0013] Fig. 4 is a partial cross-sectional view of still a further
enbodi ment of a venturi systemfor use in a conbustion system 3 Detailed
Description [0014] In the drawi ngs, there is showm a graphi cal
representation of a typical conmbustor and a nunber of enbodi nents of the
present invention. The conbustor is generally designated by the numeral 10
and is contenplated to be |ncorporated into.a gas turbine (not shown). In
Fig. 1, the conbustor 10 incl uddtatedDeseription,y |jner 12 that is at |east
partlall% surrounded by a heat shield or flow sleeve 14. Conpressed air is
provi del#014lom Enthegeawiagsrthesnisrshewn e g(apbtcak;wamgntatmwffaetuplrcﬂtcm@ugarr #dundi ng
channel 16 formed between the heat shield 14 and conmbustion liner 12.

[ 0015] aNhuhber aftleenbodimidntsest the prdsentdovdntien.i dihe Icombustdr2is pererpllyodésigndted by
plurality of primary fuel nozzles 18 and a secondary fuel nozzle 20. A
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20, separating the secondary nozzle 20 fromthe primary nozzles 18. Fuel 24
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bet ween the conbustion liner 12 and conbustor flow sl eeve 22 definhes an
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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.



an apex 32 that defines a venturi throat portion. The apex 32 is positioned
downstream of the nozzles 18, 20. A downstream or secondary conbustion
chanber 34 is positioned within the conbustor downstream of the venturi
apex 32. [0016] In operation, flame can reside on either side of the ventur
30, both in the upstream conbustion chanber 28 and the downstream
conbustion chanber 34. In a primary operation, fuel 24 is provided to the
primary nozzles 18, with conbustion occurring in the upstream conbustion
chanber di.rected do e vent.uri,o.t hro 32. ILn a
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chanber 34. Additional fuel 24 may be provided to the prinmary nozzles 18
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and air pre-m x passing through the upstream chanber 28 is directed by the
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venturi typically need to be cooled for proper operation and for longevity of the equipment. As

shown in Fig. 1, cooling air in the surrounding channel 16 is directed on to the rear side of the
venturi 30 and then directed along the inside walls of the venturi 30. The heat load on the
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.



nmovenent of the cooling air back into the conbustion chanbers on either side
of the venturi 30 also has an affect on operation of the conbustor 10.
[0018] In Fig. 2, there is shown an enlarged schematic cross-sectional view
of one side of the wventuri 30 illustrated in Fig. 1. Conpressed air 36 is
directed into a plenum 38 on the back side of the venturi 30. In this
enbodi nent, 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
plenumis in fluid conmmunication with two channels 40 and 42 that are

gener al The qoaling flew passing thrqugh the daymstrease ghanneled2 apd abgngrthe downgstigam sgig 4dnd a
second or downstream side 43 of the venturi 30. The cooling air 36 directed
i nt o t hie drbaerththrough ek 46 pasamnedadjaceopthe sombustibn dotr i@ add mn thhdowositeamg ai r
directed into the channel 42. The air flow through the upstream channel 40
on the smfubentiantber 44. o nul®er YPEPevific f3find 6f BkHaSt Bks tfbr tidOlenfufi alpater eam
exit 44 and into the primary conbustion chanber 28. 5 The cooling flow
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is directed through exi posi'tioned adjacent the conmbustion liner 12,
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of exhaust ‘exi e venturr "air are I or ar y be
incorpo.atgﬁ into the vepfuri 30 as pre | y. described. .[ 0019 n.Fig. 3, a
var b el fiobthe Rl bt Ve beRyEoF BRVing 3 At i npostihrd dtiseet 36 1 o
directed fromthe channel 16 into an inlet plenum 138 having an outl et that
i s posithe dpwastrgamaidet3 ofitheevengiyhaq.r Ebgninlet plenws 138 iy indirgetfluid posmunigation; n| et
pl enum 138 is in direct fluid comrunication wth the downstream channel
142. Cowith thg damwnstreandchasotldd2i Coalinpainistdireetad di a downstreamidictign thtoagh digannel
142 toward the downstreamexit 46. An additional flow of cooling air is
di r ect echamhdl N4 toward the downstream exit 46. An additional flow of cooling air is directed within
the downstream channel portion 142a in the opposite direction from the downstream exit 46.
Cooling channel portion 142a communicates with upstream channel 140, positioned behind the
upstream side 41 of the venturi 30. The cooling air within the upstream channel 140 is directed
through the upstream exit 44 and into the upstream combustion chamber 28. Positioning the
cooling channel on the downstream face of the venturi reduces the cooling required for the
downstream portion of the venturi. Alternatively, the inlet plenum 138 may be positioned
adjacent the upstream side 41 of the venturi 30.
[0020] Thus, the venturi defines a transition between the first and second ends of the
combustor. 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 compressed air flow is in fluid
communication with the first and second sides of the venturi passageway and the compressed air

from the cooling inlet is directed through the venturi passageway in opposite directions within

the first side and second side. The cooling inlet may communicate with the venturi passageway



t he downstream channel portion 142a in the opposite direction fromthe
downstreamexit 46. Cooling channel portion 142a conmuni cates with upstream
channel 140, positioned behind the upstreamside 41 of the venturi 30. The
cooling air within the upstream channel 140 is directed through the
upstreamexit 44 and into the upstream conbustion chanber 28. Positioning
the cooling channel on the downstream face of the venturi reduces the
cooling required for the downstream portion of the venturi. Alternatively,
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apex of the venturi. The cooling inlet for the conpressed air flowis in
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passageway and the conpressed air fromthe cooling inlet is directed
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venturi. The cooling inlet may be formed as a radial plenum positioned
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a further enbodi nent of a venturi cooling systemis provided. The cooling
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reverses in direction as it enters the secondary passageway 248. The secondary passageway 248
extends toward the upstream side of the combustor and joins with the upstream channel 240,
adjacent an exhaust channel 250. The combined flow from the upstream channel 240 and
secondary passageway 248 passes through the exhaust channel 250 and is exhausted through the
upstream exit 244 into the combustion chamber 28 on the upstream side of the venturi 30.
[0022] In the embodiment shown in Fig. 4 (and in the embodiments descried above), it is
contemplated that inlet plenum 238 may comprise something other than a continuous slot or
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



directing cooling air along the downstream si de 43. The downstream end of
channel 242 is in fluid comunication with a secondary passageway 248. The
cooling air within the channel 242 reverses in direction as it enters the
secondary passageway 248. The secondary passageway 248 extends toward the
upstream side of the conbustor and joins wth the upstream channel 240,

adj acent an exhaust channel 250. The conbined flow fromthe upstream channel
240 and secondary passageway 248 passes through the exhaust channel 250 and
i s exhausted through th st.ream exit 244 |nt t he conmbustion chanber 28
on the TIPS Ps LHASP da (o sl dhe i g and gresfie giop ﬁhweﬁa&ﬁsaﬁ HRRVeS B i n
Fig. 4 (and in the enbodi nents descried above% is contenplated that

inl et phenenvvallngnd is Hhep dirseted Biketheicagbittion cham s-a conti nuous sl ot or
annul ar channel. The inlet plenum 238 and secondary passageway 248 nay be
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invention may be enbodied in other specific fornms without departing from
the spirit or essential attributes thereof and,



accordingly, reference should be nmade to the appended clains, rather than to
the foregoing specification, as indicating the scope of the invention. 8
Clains What is clained is: 1. A conbustor for a gas turbine conprising: a
nozzl e assenbly located at a first end of the conbustor; a conbustion
chanber defined within the conbustor, downstream of the nozzle; a ventur
positioned within the conbustor and defining a transition between the first
end and the conbustion chanber, the venturi having an internal passageway
therein, the passageway having a first side facing the nozzle and a second
side facing the conbustion chamber ; Claims conpressed air source directed
into a cooling inlet, the cooling inlet in fluid conmunication with the
first and seWbatdsclaessl isf the venturi passageway, the passageway directing
the conpressed air fromthe source in opposite directions within the first
si de and secibnd A denbwtordod gasguibine comptising:. 2. The conbustor of claim1l
further conprising a secondary passageway conmmunicating with a downstream
end of the second rvizele a®embiElovREd tral firbind 3@ eaymbukter,ei n  the air flow
novi ng through the second side of the passageway into the secondary
passageway iS reyv | i J e L i de of
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alr exit positi Onae\(zjen%}ri gcr)]sitioned within the combustor and defining a transition between the

first end and the combustion chamber, the venturi having an internal passageway therein, the
passageway having a first side facing the nozzle and a second side facing the combustion
chamber; and

a compressed air source directed into a cooling inlet, the cooling inlet in fluid
communication with the first and second sides of the venturi passageway,

the passageway directing the compressed air from the source in opposite
directions within the first side and second side for cooling the venturi.

2. The combustor of claim 1 further comprising a secondary passageway
communicating with a downstream end of the second side of the venturi passageway, wherein
the air flow moving through the second side of the passageway into the secondary passageway is
reversed in direction and directed towards the first side of the of the venturi.

3. The combustor of claim 2 further comprising a cooling air exit positioned at an
end of the first side of the venturi passageway for directing the cooling air into the first end of
the combustor.

4. The combustor of claim 3 wherein the secondary passageway and the first side of

the passageway are each in fluid communication with the cooling air exit.



end of the first side of the venturi passageway for directing the cooling
air intothe first end of the conbustor. 4. The conbustor of claim3
wherein the secondary passageway and the first side of the passageway are
each in fluid communication with the cooling air exit. 9 5. The conbustor of
claim4 wherein the cooling air exit directs the air flow from the
secondary passageway and the first side of the venturi passageway into the
first end of the conbustor, upstreamof the venturi. 6. The conbustor of
claim1l, whesrein he ¢ olti ng ilnl et »ﬁ?mmti cat es w;th.tt(?e Iit¥15t'£idﬁ- of the
vent uri passagewa-{}’eacto USSE P Flgim ferhienen thieS E‘ggraéra%'s & Sore fie' Ve el |
within the conbustor. 7. The conbustor of claim|l further conprisi a
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turbine conprising: a nozzle assenbly located at a first end of the

conbust eambustos apifeeam efithe Mentrér defined within the combustor, downstream of
the nozzle; a venturi positioned within the conbustor and defining a
transition betweerhetdombustor sf cleind 1 awhkréihahe coubing tinletncomimudieates witle theefirstur i
having an i nternal passageway therein, the venturi passageway having a
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and a cooling inlet for a conpressed air flow, the cooling inlet in fluid

communi Gatdusfar.

7. The combustor of claim 1 further comprising a radial plenum positioned behind
the venturi.
8. 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;

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
venturi passageway having a first side and a second side on opposite sides of an apex of the
venturi; and

a cooling inlet for a compressed air flow, the cooling inlet in fluid communication
with the first and second sides of the venturi passageway, and the compressed air from the
cooling inlet directed through the venturi passageway in opposite directions within the first side
and second side for cooling the venturi.

9. The combustor of claim 8, wherein the cooling inlet communicates with either the
first or second side of the venturi passageway at a position offset from the apex of the venturi

within the combustor.
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with the first and second sides of the venturi passageway, and the
conpressed air fromthe <cooling inlet directed through the ventur
passageway in opposite directions within the first side and second side for
cooling the venturi. 9. The conmbustor of claim8, wherein the cooling inlet
communi cates with either the first or second side of the venturi passageway
at a position offset fromthe apex of the venturi wthin the conbustor. 10
10. The conbustor of claim8 wherein the cooling inlet conprises a radi al

pl enum position behind the venturj. 11  The, conpustor .of cl gj further
conpri si ng ad%ecdhadPybyses gheiriy 8 \‘f%‘?ﬁ‘ﬂﬁh%&?‘ﬁﬂ’é '\g})ef ﬁoﬁpﬂm@@rﬁﬁém of

t he second side of the venturi passageway, wherein the air flow noving

t hr oughpostiienedlahing the yenteri- t he passageway into the secondary passageway i s
reversed in direction and directed towards the first side of the of the
venturi. 12.11The Thenbasbastorofof ctlainm & 1 fifrinet hesmprisingr iasisegpndanyo phssagevaiyr exi t
positioned at an end of the first side of the venturi passageway for

di r ect i goghnhdificati® withda downstitb@ dnldeoffthé sdcotdididefof thdreentrirpassigeivay 1Wherdine
conmbustor of claim 12 wherein the secondary passageway and the first side

of the page %l%Mﬁé(vigé fr&ihithé Secbhd'bible GPBH'QBEH&@Wa?@nt%EJ‘seE&ﬁia@%HsEd%@w@& fs exit.

14. The conbust or claim 13 wherein the coolihg air exit directs the air

flow frap.dq dﬁ?ﬁfe%ﬂgﬁlri gﬁ%ré’&éc%%}féﬁﬁléeaﬁrgto %@Eﬁoffthé 3f the Lf%’ﬁuﬁ.f the venturi

passageway 1 nto end o stor, upstream of the venturi.

12.  The combustor of claim 11 further comprising a cooling air exit positioned at an
end of the first side of the venturi passageway for directing the cooling air into the first end of
the combustor.

13.  The combustor of claim 12 wherein the secondary passageway and the first side
of the passageway are eéch in fluid communication with the cooling air exit.

14.  The combustor of claim 13 wherein the cooling air exit directs the air flow from
the secondary passageway and the first side of the venturi passageway into the first end of the
combustor, upstream of the venturi.

15. 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 for directing cooling air from the inlet along inner surface of
downstream angled side and then upstream thereof along a liner;

a second passageway for directing cooling air from the inlet along upstream

angled side; and
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15. A venturi within a gas turbine conbustor conprising: an upstream angl ed
side, a downstream angl ed side, an apex positioned between the upstream and
downstream si des and a cooling air inlet between angled sides for supplying
cooling air proximte the apex; a first passageway for directing cooling air
fromthe inlet along inner surface of downstream angled side and then
upstreamthereof along a liner; a second passageway for directing cooling
air fromthe inlet along upstream angled side; and 11 a cool ing discharge
for directing cooling air, fromthe second channel .into conbystor, upstream
of the apex of ¢ He CoRlip@udischaigs. forr difcrERg Foplieg 0 &P fhs perop ehapshgPosi ng a
central plenumextending radially around the conbustor, within the venturi.
17. Thecopehystar,jupgiteag] @ﬁtﬁe asxwi dregienturihe cool i ng di scharge is positioned
upstream of the upstream angl ed side of the venturi. 12

16.  The venturi of claim 15 further comprising a central plenum extending radially

around the combustor, within the venturi.
17.  The venturi of claim 15 wherein the cooling discharge is positioned upstream of

the upstream angled side of the venturi.

12



